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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The purpose of this TR is to summarize the study of radio requirements for the User Equipment (UE) radio transmission and reception as part of the Rel-10 work item on;  
a) Carrier Aggregation for LTE (CA)
b) Enhanced DL Multiple Antenna Transmission for LTE (DLMA)
c) UL Multiple Antenna transmission for LTE (ULMA)
d) Fixed Wireless CPE RF Requirements (CPE)
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 36.101 (9.2.0): "User Equipment (UE) radio transmission and reception".

[3]
RP-091101:
Carrier Aggregation for LTE;
WID, REL-10
[4]
RP-091429:
Enhanced Downlink Multiple Antenna Transmission for LTE;
WID,
 REL-10

[5]
RP-091430:
UL multiple antenna transmission for LTE; WID, REL-10
 

[6]
RP-091224:
Fixed wireless CPE RF performance specification; WID, REL-10

[7]
3GPP TS 36.942 V9.0.0 (2009-12), “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios”.

[8]
3GPP TS 43.030 V9.0.0 (2009-12), “Radio network planning aspects”.

[9]
R4-092953, “New UE power class”, Verizon.

[10]
R4-102023, “ACLR model for CPE Coexistence studies in Band13 and Band14”, LG Electronics.

[11]
R4-103586, “UL
 Power control for CPE to E-UTRA BS coexistence study”, Huawei.

[12]
R4-104250, “MCL for CPE to E-UTRA BS coexistence studies”, Alcatel-Lucent.
3
Definitions, symbols and abbreviations

3.1
Definitions

3.2
Symbols

For the purposes of the present document, the following symbols apply:
BWChannel_CA 
Aggregated channel bandwidth, expressed in MHz. 
BWGB
Virtual guard band to facilitate transmitter (receiver) filtering above / below edge CCs.
FC_low 
The centre frequency of the lowest carrier, expressed in MHz.

FC_high 
The centre frequency of the highest carrier, expressed in MHz.

Fedge_low 
The lower edge of aggregated channel bandwidth, expressed in MHz. 

Fedge_high 
The higher edge of aggregated channel bandwidth, expressed in MHz. 

Foffset 
Frequency offset from FC_high to the higher edge or FC_low to the lower edge.
NRB_agg
Aggregated Transmission Bandwidth Configuration. The number of aggregated RBs transmitted/received within the Aggregated Channel Bandwidth simultaneously.
3.3
Abbreviations

The following abbreviation should be added;  

CA
Carrier Aggregation

CA_X
Carrier Aggregation for band X where X is the applicable E-UTRA operating band

CA_X-Y
Carrier Aggregation for band X and Band Y where X and Y are the applicable E-UTRA operating band 

CPE
Customer Premise Equipment

CPE_X
Customer Premise Equipment for E-UTRA operating band X

DLMA
Down link Multiple Antenna transmission 

ULMA
Up link Multiple Antenna transmission 
4
General

4.1
Relationship between minimum requirements and test requirements
4.2
 Applicability of minimum requirements
4.3
Applicability of minimum requirements (CA, ULMA, DLMA, CPE)

a) In Annex B (Release 10 working assumptions ) the requirements are specified as general requirements and additional requirements specific to CA, UL-MA, DL_MA and CPE which are specified as suffix A, B, C, D where; 

· Suffix A  additional requirements need to support CA

· Suffix B  additional requirements need to support DLMA

· Suffix C  additional requirements need to support ULMA

· Suffix D  additional requirements need to support CPE

b) A terminal which support these features need to meet both the general requirements and the additional requirement applicable to the additional sub-clause. Where there is a difference in requirement between the general requirements and the additional sub-clause requirements the tighter requirements are applicable unless stated otherwise in the additional sub- clause 

c) A terminal which support more than one additional requirements  (CA, ULMA, DLMA and CPE) would need to both sets of requirements 

5
Operating bands and channel arrangement

5.1
General

5.2
Void

5.3
Void

5.4
Void

5.5
Operating bands

5.5A
CA Operating bands

CA operating bands will be based on the CA bands defined in Section 8 for CA intra band contiguous and non contiguous CA inter band 

As more and more deployment scenarios are agreed based on operators input derived from an operators list on Annex A those could be added on release independent manner

Table 5.5A-1; Intra band CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz  
	–
	2170 MHz
	FDD

	CA_40
	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD


Table 5.5A-2: Inter band CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1-5


	1
	1920 MHz
	–
	1980 MHz
	2110 MHz  
	–
	2170 MHz
	FDD



	
	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894 MHz
	


5.6A
CA Channel bandwidth

Principle for deriving an Aggregated Channel Bandwidth

Aggregated Channel Bandwidth can be defined as the bandwidth in which a UE transmits (receives) multiple CCs simultaneously. The following principle options exist to define this:

1. Assume available spectrum blocks of size n*5 MHz (or n*20 MHz) as the Aggregated Channel Bandwidth.  Then derive suitable CA CC configurations including appropriate internal transition (guard) bands at the edge CCs as well as inter-CC carrier spacing.
2. Derive the Aggregated Channel Bandwidth from the configuration of the CCs by considering the nominal CC channel spacing and a guard bands above the highest (below the lowest) transmitted/received CC. 

The following can be observed:

1. Available spectrum blocks might not always be of size n*5 MHz as was noted in RAN4 e.g. for the 3.5 GHz band

2. Option 1.) tends to result in larger guard bands or addition of smaller CCs to fill these

3. Option 1.) with n*20 MHz scales worse towards 60 … 100 MHz as it results in large guard bands (for closely spaced CCs).

4. Option 2) better reflects actual physics / emissions which are driven by the actual CC configuration, not license block sizes.

5. The resulting Aggregated Channel Bandwidth in Option 2) will not be a multiple of 5 MHz, but an “odd” number like 38.3 MHz for 100 + 100 RB CA. On the other hand this it indicates the minimum needed spectrum for a CC configuration (in form of 3GPP TX/RX requirements), and any additional frequencies within n*5 MHz blocks could be available to enhance co-existence to adjacent systems even further.

6. For the BS option 2.) is used in for multi-carrier and MSR specifications

Regarding the above points, option 2.) shall be applicable for the definition of aggregated channel bandwidth.

Guard bands at the edge CCs


Shall GB be symmetrical or asymmetrical?

When considering a transmission where all component carriers are fully populated and transmitted at highest possible maximum output power (typical SEM test configuration) the spectral re-growth generated in PA is the dominant OOB region noise contributor. In this case the bandwidths of individual component carriers do not play significant role how the emissions are spread into OOB region instead the aggregated channel bandwidth is the parameter that defines this phenomenon. Thus it is logical to define guard bands to symmetrical at each side of aggregated channel bandwidth.
Furthermore symmetrical GB would significantly simplify the filtering design complexity because symmetrical GB enables the same transmitter/receiver requirements to be defined at both edges of the transmitted/received signals. 
It has been agreed that the same GB shall be applied at each side of Aggregated Channel Bandwidth. 


Shall GB values be fixed or relative to the Aggregated Channel Bandwidth?
Among others, the guard bands facilitate TX spectrum shaping filtering. In REL-9 the guard bands are relative to BW_channel (~10%).  Scaling this upwards to e.g. 80 MHz will lead to large guard bands, hence the need for this should be investigated. Variable guard bands also complicate CA migration scenarios like extending 2*100 RB CA towards 3*100 RB CA as the edges of Aggregated Channel Bandwidth would accordingly move, requiring possibly some re-arrangement of the CCs.

In neither the “10 % rule” is required for TX/RX filtering nor a single fixed guard band value found feasible for the whole range of CA from 20 … 100 MHz, then a middle and more flexible way could be to make the guard band size a function of the Aggregated Transmission Bandwidth Configuration, with a certain granularity, e.g.:

Table 5.6A-1. Definition of the Guard band size

	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration, NRB_ agg
[RBs]
	Guard band 

[MHz]

	A
	NRB, agg ≤ 100
	TBD

	B
	NRB, agg ≤ 100
	TBD

	C
	100 < NRB, agg ≤ 200
	[1]

	D
	[200] < NRB, agg ≤ [300]
	TBD

	E
	[300] < NRB, agg ≤ [400]
	TBD

	F
	[400] < NRB, agg ≤ [500]
	TBD


in which Aggregated Transmission Bandwidth Configuration, NRB_ agg: The number of aggregated RBs in which a UE can transmit (receive) simultaneously. NRB_ agg is defined as the sum of the Transmission bandwidth configurations (NRB) of the CCs.

Number of component carriers

In following chapter issues that affect how the CA bandwidths are constructed from individual component carrierss are discussed.

A) Position of DC-Carrier

In REL-8 there is additional sub-carrier inserted in the middle of DL CC which do not contain any data. Reason for this is that to able to do practical receiver designs no data is allocated to sub-carrier which would be located on DC after down conversion. See figure below taken from 36.101.

[image: image3.emf]     
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Figure 1 Definition of Channel Bandwidth and Transmission Bandwidth Configuration for one E UTRA carrier

In order to have this approach also for REL-10 CA the DL Bandwidth combinations in case of intra-band contiguous aggregation shoud be symmetrical in relation to channel centre. That would enable to have unused subcarrier or guard band between the CC to be in zero frequency after down conversions. See figure below.
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Figure 5.6A-1.  Comparison of symmetrical and un-symmetrical CC combinations
From the figure above it can be noticed that if DC allocation is not aligned with the unused sub-carrier DL allocation is not symmetrical in relation to channel centre then some data is probably lost with current receiver architectures. Data loss can be avoided by changing RAN1 spec and allowing unused sub-carrier to be inserted into arbitrary position. This position would depend on quite many variables and is not attractive solution. Data loss is caused by the fact that one sub-cattier is destroyed and this might lead to case where whole resource block is lost. Some implementation solutions can solve or mitigate the DC interference, e.g. not scheduling the affected RBs if the interference is considered to be too high or using lower MCS for the RBs interfered by DC.
B) Different CC combinations that give same CW bandwidth

Certain CA BW’s can be achieved with multiple CC combinations. In table below we have taken a look how to construct different CA bandwidths with REL-8 CC’s. For the table we have assumed that DL allocation must be symmetrical as explained above.

For example CA bandwidth of 90 MHz can be achieved with three different 5*CC combinations, see table below.

	15+20+20+20+15
= 90 MHz
	20+15+20+15+20
= 90 MHz
	20+20+10+20+20
= 90 MHz


Table 5.6A-2.  CC combinations for 90 MHz of CA BW

It would be inefficient from RAN5 testing perspective and overly complex RAN4 specification work perspective to allow total freedom on how CA bandwidths are constructed from CC’s. 

C) Number of CC’s per CA BW Class

In order to keep receiver requirements reasonable we should specify how many CC’s are allowed to be used for certain CA bandwidth. This would exclude a possibility to construct 50 MHz BW with 5*10 MHz CC. Instead some combination of 3 CC’s should be used.

D) What BWs are allowed to be used in CA

CA CC channel bandwidths follow REL-8 channel bandwidths but there should be possibility to further reduction by allowing only a sub-set of REL-8 BW’s.

E) How many different BW’s are allowed in multi CC CA

For CA BW classes where more than 2 CC are needed it would seem reasonable to reduce the amount of different BW that are used in CA. Meaning that for example it is not allowed to use 10 MHz, 15 MHz and 20 MHz BW’s simultaneously to construct a 45 MHz signal, instead of 3 x 15 MHz should be used. Limit of different BW per CA should be two.

Below we propose a set of terms that shall be followed when new carrier aggregated channel bandwidths are created.

1. Individual component carrier within carrier aggregated channel follow REL-8 transmission bandwidth configurations for a given E-UTRA band but can be further reduced by allowing only a sub-set of those for particular CA operating band

2. Number of component carriers follow CA channel bandwidth Classes defined 
3. DL component carrier combinations for a given CA operating band shall be symmetrical in relation to channel centre unless stated otherwise in table 5.6.1A-1 or 5.6.1A-2.

5.6A-3. CA bandwidth classes

	CA bandwidth class
	Aggregated Transmission 

Bandwidth Configuration, NRB, agg
[RBs]
	# CC’s

	A
	NRB, agg ≤ 100
	[1]

	B
	NRB, agg ≤ 100
	[2]

	C
	100 < NRB, agg ≤ [200]
	[2]

	D
	[200] < NRB, agg ≤ [300]
	[TBD]

	E
	[300] < NRB, agg ≤ [400]
	[TBD]

	F
	[400] < NRB, agg ≤ [500]
	[TBD]


5.6.1 
Channel bandwidths per operating band

5.6.1A 
Channel bandwidths per CA operating band

CA operating band is further divided into different BW classes by using a notation which indicates to what E-UTRA band and CA channel bandwidth class it relates to. For example 

· CA_1B means E-UTRA band 1 and CA channel bandwidth class B

· In later releases new CA channel bandwidth classes can be introduced by adding new rows in Table 5.6.1-1 or Table 5.6.1-2. For example, CA_1C with 20MHz as the only allowed channel bandwidth would mean up to 40 MHz wide Carrier aggregation for band 1.

· Notation which do not have CA channel bandwidth class indicator letter means all CA channel bandwidth classes belonging to given CA operating band. For example CA_1 includes CA_1A, CA_1B, CA_1C CA_1D, CA_1E and CA_1F.

Table 5.6.1A-1: E-UTRA CA Intra band contiguous channel bandwidth combinations

	E-UTRA band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	CA_1C
	1
	
	
	
	
	Yes
	Yes

	CA_40C1
	40
	
	
	
	Yes
	Yes
	Yes

	Note 1: Combinations of component carriers with unequal channel bandwidth should be considered. The maximum number of CCs for combination is two for R10.


Table 5.6.1A-2: E-UTRA CA inter band channel bandwidth combinations

	E-UTRA band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	CA_1A-5A
	1
	
	
	FFS
	Yes
	FFS
	FFS

	
	5
	
	
	FFS
	Yes
	
	


5.7
Channel arrangement

5.7.1
Channel spacing
R4-102726; Way Forward 
1. The channel spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz for all CA scenarios. 

2. Studies for UE RF requirements until next meeting should be focused on 2 values for CC spacing:

a. Minimum spacing

b. Close to REL-8 (rounded downwards to 300 kHz grid)

3. The aim is to specify ultimately UE RF requirements for one nominal channel spacing (not excluding other spacing in system deployment)
5.7.1A
Channel spacing for intra-band contiguous carrier aggregation

For CA Bandwidth Class C, the nominal channel spacing between two adjacent E-UTRA component carriers is defined as the following:
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where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective E-UTRA component carriers according to Table 5.6-1 with values in MHz. The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of 300 kHz less than the nominal channel spacing to optimize performance in a particular deployment scenario.

Nominal CA channel spacing figures for CA bandwidth Class C are listed in table 5.7.1A-1. Values are derived from formula above. UE RF requirements are based on these carrier spacing values

Table 5.7.1A-1 Nominal channel spacing between contiguously aggregated component carriers 

	Carrier spacing [MHz] 
	Channel bandwidth BWChannel [MHz] specified in Table 5.6-1

	
	1.4
	3
	5
	10
	15
	20

	Channel bandwidth BWChannel [MHz] specified in table 5.6-1
	1.4
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1

	
	3
	
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1

	
	5
	
	
	Note 1
	Note 1
	Note 1
	Note 1

	
	10
	
	
	
	
	12
	14.4

	
	15
	
	
	
	
	15
	17.1

	
	20
	
	
	
	
	
	19.8


Note 1: FFS, not applicable for REL-10

For network deployments also minimum carrier spacing can be used. Minimum carrier spacing values are listed in table 5.7.1A-2.
Table 5.7.1A-2 Minimum channel spacing between contiguously aggregated component carriers 

	Carrier spacing [MHz] 
	Channel bandwidth BWChannel [MHz] specified in Table 5.6-1

	
	1.4
	3
	5
	10
	15
	20

	Channel bandwidth BWChannel [MHz] specified in table 5.6-1
	1.4
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1

	
	3
	
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1

	
	5
	
	
	Note 1
	Note 1
	Note 1
	Note 1

	
	10
	
	
	
	
	11.4
	13.8

	
	15
	
	
	
	
	13.8
	15.9

	
	20
	
	
	
	
	
	18.3


Note 1: FFS, not applicable for REL-10

For CA Bandwidth Class C, the middle guard band size between two adjacent E-UTRA component carriers is defined as the following:
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Middle guard band sizes of the nominal CA channel spacing for CA bandwidth Class C are listed in table 5.7.1A-3. Table 5.7.1A-3 Middle guard band sizes for the nominal channel spacing 

	Middle guard band [MHz] 
	Channel bandwidth BWChannel [MHz] specified in Table 5.6-1

	
	1.4
	3
	5
	10
	15
	20

	Channel bandwidth BWChannel [MHz] specified in table 5.6-1
	1.4
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1

	
	3
	
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1

	
	5
	
	
	Note 1
	Note 1
	Note 1
	Note 1

	
	10
	
	
	
	
	0.75
	0.9

	
	15
	
	
	
	
	1.5
	1.35

	
	20
	
	
	
	
	
	1.8


Note 1: FFS, not applicable for REL-10

Middle guard band sizes of the minimum CA channel spacing for CA bandwidth Class C are listed in table 5.7.1A-4. 
Table 5.7.1A-4 Middle guard band sizes for the minimum channel spacing 

	Middle guard band [MHz] 
	Channel bandwidth BWChannel [MHz] specified in Table 5.6-1

	
	1.4
	3
	5
	10
	15
	20

	Channel bandwidth BWChannel [MHz] specified in table 5.6-1
	1.4
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1

	
	3
	
	Note 1
	Note 1
	Note 1
	Note 1
	Note 1

	
	5
	
	
	Note 1
	Note 1
	Note 1
	Note 1

	
	10
	
	
	
	
	0.15
	0.3

	
	15
	
	
	
	
	0.3
	0.15

	
	20
	
	
	
	
	
	0.3


Note 1: FFS, not applicable for REL-10

5.7.2
Channel raster
Basic Channel raster
It is a working assumption in RAN4 that the same channel raster as for E-UTRA REL-8/9 is preserved, thus the carrier centre frequency must be an integer multiple of 100 kHz for all bands.  

Proposal:
For LTE-A same channel raster as in E-UTRA Rel-9 is applied.

Channel raster for contiguously aggregated CCs
It is a working assumption in RAN4 that spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz. This is to be compatible with the 100 kHz frequency raster of LTE Rel-8/9 and at the same time to maintain the orthogonality of the subcarriers with 15 kHz spacing. 

Orthogonality becomes important when CCs are spaced closely and TX spectrum shaping filtering is not effective any longer. The location on the n*15 kHz raster also facilitates the use of FFT/IFFT across CCs.

Note that most values of the REL-8/9 nominal spacings are not a multiple of 300 kHz. However, as REL-8/9 LTE deployments are typically single-carrier, it’s feasible to commence any multi-carrier / CA deployments right away with the channel spacing defined for CA without causing IFHO towards “legacy” carriers. The situation is different in UTRA where DC-HSD(U) PA has to fit into existing multi-carrier deployments and thus the same (5 MHz) channel spacing is required. 
Proposal:
The nominal channel spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz for all CA scenarios.

5.7.2
Channel raster

5.7.2A 
CA Channel raster

For LTE-A same channel raster as in E-UTRA Rel-9 is applied. Hence the channel raster is 100 kHz for all bands, which means that the carrier centre frequency must be an integer multiple of 100 kHz.  

5.7.3
Carrier frequency and EARFCN 

5.7.4
TX–RX frequency separation

REL-9 requirements are specified for the TX-RX frequency separation as follows:

a) The default E-UTRA TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separation is specified in Table 5.7.4-1 for the TX and RX channel bandwidths defined in Table 5.6-1
Table 5.7.4-1: Default UE TX-RX frequency separation

	E-UTRA Operating Band
	TX -  RX 
carrier centre frequency
separation

	1
	190 MHz

	2
	80 MHz.

	3
	95 MHz.

	4
	400 MHz

	5
	45 MHz

	6
	45 MHz

	7
	120 MHz

	8
	45 MHz

	9
	95 MHz

	10
	400 MHz

	11
	48 MHz

	12
	30 MHz

	13
	-31 MHz

	14
	-30 MHz

	17
	30 MHz

	18
	45 MHz

	19
	45 MHz

	20
	-41 MHz

	21
	48 MHz


b) 
The use of other TX channel to RX channel carrier centre frequency separation is not precluded and is intended to form part of a later release.
In REL-9 LTE, fixed TX-RX frequency separation is a baseline requirement. Generally speaking, if variable TX-RX frequency separation is introduced in the specifications, testing efforts would increase. I.e. if one TX-RX frequency separation is introduced in addition to the fixed one, testing efforts would be almost doubled because many RF requirements, such as reference sensitivity and receiver blocking, would be affected by TX-RX frequency separation. 

In REL-10 CA, variable TX-RX frequency separation is definitely required because asymmetric DL/UL assignments would commonly happen. Figure 5.7.4-1 illustrates some examples for such asymmetric DL/UL assignment. It is noted that they could be classified into the following three cases:

· Case 1: Asymmetric in terms of the number of component carriers

· Example 1: DL: 2 x 20 MHz, UL: 1 x 20 MHz

· Case 2: Asymmetric in terms of channel bandwidth

· Example 2: DL: 2 x 20 MHz, UL: 2 x 10 MHz

· Case 3: Asymmetric in terms of both the number of component carriers and channel bandwidth

· Example 3: DL: 2 x 20 MHz, UL: 1 x 10 MHz
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Figure 5.7.4-1

The examples presented in Figure 5.7.4-1 indicate that the number of options for TX-RX frequency separation would significantly increase for CA, if any restrictions would not be introduced. Therefore, some restrictions would be needed in TX-RX frequency separation for CA in order to reduce the testing efforts. 

It is proposed that asymmetric DL/UL assignment in terms of channel bandwidth (Case 2/ 3 in Figure 5.7.4-1) should be precluded in REL-10 timeframe, because there would be no essential use cases according to the REL-10 deployment scenarios (See Annex A).

Further analysis on TX-RX frequency separation for Case 1 is provided below:
Symmetrical DL/UL assignment for NW

In case of symmetrical DL/UL assignments for NW, load balancing between two CCs could be achieved by Case 2-1 and Case 2-3 from a primary component carrier point of view, as illustrated in Figure 5.7.4-2. I.e. neither Case 2-2 nor Case 2-4 would be needed. Therefore, it is proposed that TX-RX frequency separation for the primary CC should be limited to the fixed one specified in REL-9. It is noted that additional frequency separation for the primary CC could be introduced in some operation band, if such use cases are identified.
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Figure 5.7.4-2
Asymmetrical DL/UL assignment for NW

In case of asymmetrical DL/UL assignments for NW, as illustrated in Figure 5.7.4-3, it is FFS what kind of TX-RX frequency separation should be specified. It should carefully be specified when such asymmetric DL/UL assignments would emerge in the actual network. It is noted that some guidelines to reduce testing efforts should be introduced in such asymmetrical DL/UL assignments.
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It is noted that co-existence issues should also be taken into account when TX-RX frequency separation is specified.The minimum and maximum CC TX channel (carrier centre frequency) to RX CC channel (carrier centre frequency) separation is specified in Table below
CA UE TX-RX frequency separation (All CA band classes)

	E-UTRA CA Band
	E-UTRA 

Band
	TX -  RX CC centre frequency separation

	
	
	Min 
	Max

	CA_x
	x
	tbd MHz
	tbd MHz

	
	
	
	


Noting in this general case the Max TX-Rx spacing would be as per REL8/9 to maintain a fixed duplex distance for the Primary component carrier 

6
Transmitter characteristics

6.1
General

Tx characteristic are specified for the following scenarios;

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

Figure 6.1-1 illustrates two Tx architectures options as working assumptions; 

[image: image10.emf]
Figure 6.1-1 illustrates Tx architectures working assumptions

Type A:  As per TR36.815 can support; CA_X, CA_X-Y, DLMA, and CPE depending on UE capability

Type B:  As per TR36.815 for FFS

Type C:  As per TR36.815 for FFS

Type D:  As per TR36.815 can support; CA_X, CA_X-Y, C DLMA, ULMA and CPE depending on UE capability

6.2
Transmit power

In the study item report TR 25.912 for LTE related to UE maximum output power the following was indicated; It should be possible to reuse the rel-6 PA in order to allow for a single PA implementation for multi-mode (E-UTRA, UTRA) and multi-band terminals and that the E-UTRA UE power class should be a subset of the current UTRA Rel-6 power classes. 

However it is not clear if the same requirements would be applicable in the case of dual Tx antenna (separate or dual PA) or CPE. In the case of case of these scenarios, the conducted transmit power may need to be reduced in order to support these larger bandwidths but then the radiated antenna gain is likely to be higher or the cell size would be smaller due to the larger supported data rate. In this case the transmitter characteristic could be defined for a new power class 
· Should the UE class be linked to maximum conducted power

· Should the UE conducted power be linked to the number of Tx antenna (single or dual antenna)

6.2.1
Void

6.2.2
UE Maximum Output Power

Open issues for FFS are

· How should MPR/ A-MPR be extended for single and/or multiple CC bandwidths

· How should MPR/ A-MPR be extended new power classes and UE classes

Requirements that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
R4-102739; Way Forward

· For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all CCs (per UE)
· LTE REL-8/9 maximum output power requirements are adopted

2) CA_X-Y  (Inter band  non contiguous CA)
The maximum output power of an UE is a critical parameter that limits the UL coverage of a network. In principle, it is highly desirable to maintain Rel-8/9 coverage area as much as possible with a reasonable UE cost. As shown in section 6.1, intra-band contiguous carrier aggregation capable UEs could have different Tx architectures compared to a single carrier UE. For type A Tx architecture, a single RF chain is used and for D1/D2 architecture dual RF chains are used to support carrier aggregation. To ensure proper coverage, for all possible Tx architectures,  R4-102739; Way Forward

For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all CCs (per UE).

In the case of single Tx UE, type A Tx architecture could be used. This architecture is the same as a single carrier UE except for a higher channel bandwidth. Given that the Tx bandwidth of a Rel-8/9 PA should cover the whole band, the maximum Tx power over a larger bandwidth within the same band should be not be significantly different. Hence, for intra-band contiguous carrier aggregation, 
LTE REL-8/9 maximum output power requirements are adopted. Note that one potential issue that requires more detailed studies is the tolerance for 40 MHz and beyond at the Rel-8/9 maximum output power. 

3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)

5) CPE (Customer Premises equipment)

6.2.3
UE Maximum Output power for modulation / channel bandwidth 

Channel arrangement

In this chapter we present results of MPR study for an aggregated signal with the following settings. 

· Total Aggregated Transmission Bandwidth Configuration: 100 + 100 RB, 75+75 RB and 50+100 RB

· Component Carrier Spacing as defined in [1]: 19.8 MHz (for 100+100 RB case), 15.0 MHz (for 75+75 RB Case) and 13.8 MHz (for 50+100 RB Case)

· Guard bands are set to 1 MHz on either side of the aggregated channel bandwidth (for 100+100 RB case), 0.75MHz (for 75+75 RB case) and 1MHz (for 50+100 RB case)

· Data Modulation: QPSK and 16QAM

· RB allocations: contiguous i.e. no empty RB’s between transmitted clusters

· RB_Start is always 0

Simulation assumptions

Simulation assumptions used are listed in Table 6.2.3-1. PA operating point was set so that for one fully allocated (100RB) carrier (LTE Rel-8 carrier) the reported UTRAACLR1 level was 33 dB when 1 dB of MPR was applied as permitted by the specification 36.101. Backoff and MPR values are referred to this PA operating point.

Table 6.2.3-1: RF settings

	Power amplifier operating point
	

	UTRAACLR1 for Rel8 carrier
	33 dB

	Modulator impairments
	

	IQ-Imbalance
	25 dB

	Carrier leakage
	25 dB

	3rd order  Counter-IM level
	60 dB


Target requirements
Following ACLR and SEM requirements were used when required backoff (MPR) was searhed. These requirements are inline with the agreements done during previous RAN4 meetings.

· E-UTRAACLR
= 30 dBc

· UTRAACLR1 
= 33 dBc

· UTRAACLR2 
= 36 dBc

· CA E-UTRAACLR
= 30 dBc

	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	30

MHz
	39.8

MHz
	Measurement bandwidth

	( 0-1
	-22.5
	-24
	30 kHz

	( 1-5
	-10
	-10
	1 MHz

	( 5-30
	-13
	-13
	1 MHz

	( 30-35
	-25
	-13
	1 MHz

	( 35-39.8
	
	-13
	1 MHz

	( 39.8-44.8
	
	-25
	1 MHz


Table 6.2.3-2: Spectral emission masks, from [1], Table 6.6.2.1A-1
Simulation results

Results are presented in a form of a graphs Figures 6.2.3-1 and 6.2.3-2 and a Table 6.2.3-3.
From the Figures 6.2.3-1 and 6.2.3-2, it can be seen that as the total number of RBs in the contiguous allocation increases, the criterion that determines the maximum backoff needed changes. This trend is depicted in Figure 6.2.3-1  for 100+100 RB allocation and Figure 6.2.3-2  for 75+75 RB allocation. 
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Figure 6.2.3-1: Criteria impacting the MPR requirement (100+100 RB)
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Figure 6.2.3-2: Criteria impacting the MPR requirement (75+75 RB)
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Figure 6.2.3-3  Criteria impacting the MPR requirement (50+100 RB)

Table 6.2.3-3 below summarises the required backoff needed to satisfy the Tx requirements as a function of number of RBs for both QPSK and 16-QAM signals. 

Table 6.2.3-3: Required MPR as function of number of RBs

	Total number of RBs
	Backoff needed

100+100 RB
	Backoff needed

75+75 RB
	Backoff needed

50+100 RB

	
	QPSK
	16-QAM
	QPSK
	16-QAM
	QPSK
	16-QAM

	0-20
	0.32
	0.68
	0.28
	0.44
	0
	0.22

	21-40
	0.8
	1.35
	0.87
	1.42
	1.05
	1.58

	41-60
	0.86
	1.43
	0.83
	1.4
	1.44
	2.01

	61-80
	0.81
	1.36
	0.85
	1.29
	1.64
	2.07

	81-100
	0.73
	1.25
	1.38
	1.76
	1.76
	2.11

	101-120
	1.37
	1.8
	1.46
	1.83
	1.76
	2.17

	121-140
	1.62
	1.97
	1.51
	1.87
	1.81
	2.17

	141-160(1)
	1.72
	2.08
	1.53
	1.87
	1.79
	2.09

	161-180
	1.75
	2.09
	N/A
	N/A
	N/A
	N/A

	181-200
	1.77
	2.13
	N/A
	N/A
	N/A
	N/A

	(1) The values are applicable only till total number of RBs = 150


Contiguous allocation in this contribution refers to case where no empty RB’s are located within an UL allocation. This is not a typical network behaviour because in most cases there will be PUCCH regions reserved for other UE’s to send uplink control information. These PUCCH regions that will break the contiguous nature of the allocation are the higher edge PUCCH of the lower carrier and the lower edge PUCCH of the higher carrier which are located in the middle of the aggregated signal. As a corner case it is how ever possible to schedule full bandwidth to a single UE without PUCCH regions.

It should be also noted that even though called contiguous allocation in this paper the allocations wide enough to extend to second carrier are not single carrier transmissions therefore the PAR and the cubic metric are increased and hence more MPR is required compared to truly single carrier transmission. 

When the aggregated transmissions bandwidth configuration is such that it allocates RB’s from two component carriers then the needed backoff increases strongly and this can be observed easily from the figures 1-5 and from table 1. As an example this means than if a UL signal having size of 100 RB is allocated into two CC each having bandwidth of 15 MHz then more MPR is needed than for single carrier signal consisting of a single CC having bandwidth of 20 MHz.

Also in the case where the allocation is limited to single carrier (Pcc) and the other carrier (Scc) do not contain transmissions but the Tx is configured to 2 CC mode one cannot directly compare the required MPR or emissions to release 8/9 operation because the Tx bandwidth is wider and the carrier leakage and IQ-image components are located differently compared to truly single carrier transmission specified in REL-8/9. This will cause a fact that the IMD products generated in PA are located differently in OOB and spurious regions when one compares carrier aggregated signal to REL-8/9 signal even though the allocation size would be same and it would be located on a same position on single carrier.
6.2.4
UE Maximum Output Power with additional requirements 

Open issues for FFS are

· How should MPR/ A-MPR be extended for single and/or multiple CC bandwidths

· How should MPR/ A-MPR be extended new power classes and UE classes

Note the current RAN1 assumption assumes in the case of contiguous CC carriers then RB can be freely allocated for the different CC carriers 
6.2.5
Configured transmitted Power

Another area for study is whether the multi-CC UL signal is combined digitally (at the baseband) or in analogue ( at IF or RF) since the configured accuracy in terms of accurate power control ratio amongst different CC will be less precise due to the analog component in the RF chain 

6.3
Output power dynamics

Currently power control is defined on sub-frame basis for a single component carrier in REL8 in the RAN1 specification. For LTE-A, the architecture of single or multiple PA can have an impact on the power control dynamics. In the case where the PA supports a component carrier, the CM is not a concern since each component carrier will have a fixed maximum transmit power. But a single PA architecture can potentially impact the power control procedure when its power is shared amongst component carriers

Another consideration for study is whether the multi-CC UL signal is combined digitally (at the baseband) or in analogue ( at IF or RF) since, the power control accuracy in terms accurate power control ratio amongst different CC will be less precise due to the analog component in the RF chain 

For LTE-A power control would need to consider the following scenarios in the case of; OFF power, minimum power and power tolerance for CA, DLMA, ULMA and CPE

6.3.1
(Void)

6.3.2
Minimum output power
Requirements that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
In Rel-8/9, the minimum controlled output power of the UE is defined as the broadband transmit power of the UE, i.e. the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks), when the power is set to a minimum value. In the case of contiguous CA, the transmit power requirements could be defined following the approach adopted by DC-HSUPA, where the minimum transmit power for DC-HSUPA is defined as per-carrier and identical to the single carrier requirement. Given the similar RF architecture of single carrier and contiguous carrier aggregation, this requirement is expected to be feasible without significant change to current components and designs.

An excess minimum output power potentially increases Rise over Thermal (RoT). It would lead to the reduction of the cell coverage area for other UEs. To avoid it, the power density at the minimum output power from one UE should remain the same as that of Rel-8 as shown in Fig 6.3.2-1. 
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Figure 6.3.2-1 Minimum output power for intra band contiguous CA
It is proposed that the Minimum output power for intra-band contiguous CA: requirement per CC should remain the same as Rel-8 under the condition that the minimum power is transmitted on both CC. Note that these requirements are applied to the UEs with a single transmitter antenna.

2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

6.3.3
Transmit OFF power
Requirements that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
Transmit OFF power is defined as the mean power when the transmitter is OFF. The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. During measurements gaps, the UE is not considered to be OFF.

Compared to the minimum power requirements, this requirement is more critical since that ON/OFF time mask requirements are quite stringent for Rel-8/9. In addition, when one component carrier is in the transmit OFF state, the in-band emission from another component carrier could be larger than the OFF power requirements currently specified in Rel-8. On the other hand, if both carriers are OFF, the OFF power requirements could remain the same at each CC.

An excess transmit OFF power potentially increases Rise over Thermal (RoT). It would lead to the reduction of the cell coverage area for other UEs. To avoid it, the transmit OFF power density from one UE should remain the same as that of Rel-8 as shown in Fig 6.3.3-1. 
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Figure 6.3.3-1 Transmit OFF power for intra band contiguous CA
In conclusion, the OFF power for intra-band contiguous CA: the requirement per CC should remain the same as Rel-8 under the condition that both CCs are OFF. Note that these requirements are applied to the UEs with a single transmitter antenna.

2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

6.3.4
ON/OFF time mask 

6.3.5
Power Control

Currently power control is defined on sub-frame basis for a single component carrier in REL8 in the RAN1 specification. For LTE-A, the architecture of single or multiple PA can have an impact on the power control dynamics. Another consideration for study is whether the multi-CC UL signal is combined digitally (at the baseband) or in analogue ( at IF or RF) since the power control accuracy in terms accurate power control ratio amongst different CC will be less precise due to the analog component in the RF chain . Requirements that need to be specified for the single and dual CC for the following; 
1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

6.4
Void

6.5

Transmit signal quality

Currently EVM performance is defined on slot bases for a single component carrier in REL8 in the RAN1 specification. For LTE-A EVM would need to consider the following scenarios; Requirements that need to be specified for the single and dual CC for the following; 

Note the current RAN1 assumption assumes in the case of contiguous CC carriers then RB can be freely allocated for the different CC carriers 

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

6.5.1
Frequency error

· CA_X    (Intra band  contiguous CA)
The UE modulated carrier frequency would be compared with the carrier frequency of the primary carrier received from Node B.

· CA_X-Y  (Inter band  non contiguous CA)
For inter-band CA, the UE may have separate PLLs for each band. The frequency reference for each PLL would be from the corresponding DL CCs. The performance requirements shall be the same as Rel-8/9.
6.5.2
Transmit modulation quality

6.5.2.1
In-band emission for intra-band carrier aggregation

Non-contiguous uplink transmission different LO and image configurations (more exceptions) necessitate changes, but it could in fact be sufficient to test the in-band emissions in a Rel-8 fashion. We consider a number of cases. 

6.5.2.1.1
In-band requirements and leakage from an unsynchronised adjacent carrier

First we consider the aspect is the leakage of the secondary carrier into the primary: this is normally governed by selectivity requirements like ACLR and ACS that must be met for each CC. This adjacent CC may belong to the own network or to an adjacent operator. The secondary CC will create additional uplink intra-cell interference in addition to that originating from multiplexed users. However, this case could already be a problem for Rel-8 operation since an adjacent operator would produce a similar type of interference.

Figure 6.5.2.1.1-1 shows the case of one operator using two activated uplink CC activated in the presence of an adjacent (interfering) operator on a single CC. A specification of the in-band emission could potentially cover the aggregated carriers with a possible LO component between the two carriers, the image component of a transmission on one of the CC will appear in the other CC. From a carrier leakage view point it may also be desirable to limit the emission into the adjacent CC, but one may have to rely on the present Rel-8 emission floor (up to 30 dB below the allocated PRB) in any case. The power of the interfering adjacent operator is uncoordinated and may be significantly higher than the wanted signal levels within the own network, particularly if site-sharing is not used. Hence the problem of leakage exists already for Rel-8 operation and one must rely on the provisions of the Rel-8 specifications like ACLR for co-existence. Specifying leakage between CC(s) within the same network in terms of in-band emission requirements would not add much under this scenario, and all CC(s) must meet the ACLR requirements anyway. 


[image: image16]
Figure 6.5.2.1.1-1: inter-operator interference scenario with CA.

Hence this suggests that the current in-band test is sufficient also for CA in view of the inter-operator interference scenario that is already present for Rel-8. The test would then be carried out separately for the primary and secondary CC with due account for the fact that the LO and image frequency positions may be different from the Rel-8 configuration when two UL CC(s) are configured, and architectures with more than one LO are not impossible. 

6.5.2.1.2
In-band requirements for aggregated carriers within own network

The adjacent interference is not only added onto the wanted signal. Next we consider additional effects arising from the leakage or cross-talk between two CC generated within the same device, e.g. generated by one single transmitter chain through a single PA. 

Even if the Rel-8 minimum performance requirements apply for the transmitter chain, the in-band requirements have to be modified if applied to two aggregated uplink CC in view of different LO and IQ image locations as explained above. The centre position between the CC is the most likely: the aggregation scenarios considered in Rel-10 are tailored to this case. Figure 6.5.2.1.2-1 shows a very simplified picture of the transmitter emissions for two aggregated carriers with the LO and image components shaded. Simultaneous PUSCH and PUCCH are also transmitted on the PCC to exemplify the effects. We remark that many more inter- and cross-modulation effects would appear for this multi-tone scenario. The in-band emissions are measured after the FFT which means that the impact of some of these latter effects will be reduced. 

Should in-band emission requirements have to be specified for aggregated carriers (non-contiguous transmission), it appears reasonable to allocate RB in both component carriers in order to add to the existing single-carrier requirements. This would necessitate additional “exceptions” for

· possible LO locations

· locations for image products originating from the allocated PRB

· other inter-modulation products in view of non-contiguous transmission


[image: image17]
Figure 6.5.2.1.2-1: in-band emissions for transmission on two uplink CC(s).

The shape of the general in-band mask may have to be modified since cross-modulation products will appear around the allocated blocks, the magnitude of these depend on the relative powers of the allocated PRB(s). The requirements should be general and apply for any combinations of PRB sizes of the allocated blocks. Specifying in-band emission requirement for clustered PUSCH or simultaneous PUSCH and PUCCH will obviously necessitate multiple PRB allocations on a single CC. Is such a test needed from a functionality, user- and system performance standpoint?

If the SCC is deactivated and no simultaneous PUSCH and PUCCH on the PCC, the scenario is similar to Rel-8 operation but the locations of the LO and image are different, these are depicted in grey and black in Figure 6.5.2.1.2-2. The magnitude of these responses would still be dictated by the Rel-8 transmitter requirements. Similarly, if no simultaneous transmission is allowed from a single UE (as in Figure 6.5.2.1.2-2), neither on a CC nor across two active CC, the interference scenario would be similar to the Rel-8 case but with the image responses smeared out across two CC(s). Here we neglect effect of e.g. the independent power control on the two uplink CC(s) that may give rise to differences in practice.


[image: image18]
Figure 6.5.2.1.2-2: in-band emissions for a UE with a single PRB allocation and the SCC deactivated (grey), and a UE in fall-back mode (blue)

The UE could also fall-back to Rel-8 operation, which would generate the responses in blue in Figure 6.5.2.1.2-2 for a single PUSCH. The in-band emission requirements for Rel-8 must then be satisfied to ensure coexistence with legacy devices.  

From a functionality viewpoint, it should be sufficient to verify a Rel-10 UE supporting two UL CC(s) by using the existing in-band test case with a single UL CC configured. This would also cover coexistence with legacy UE(s). 

From a user- and system performance standpoint, the specification if in-band emissions per CC would not reveal all effects on the in-band emission floor of simultaneous transmission from a single UE. The following two scenarios, 

· transmission of a PUSCH and a PUSCH/PUSCH, both contiguous, on two separate CC(s) compared to the case in which these two transmissions originate from two separate UE(s) located on the PCC and SCC, respectively,

· clustered DFT-SOFDM and/or simultaneous PUSCH and PUSCH transmissions from one UE across two CC(s) compared to the case in which these transmissions originate from multiple sources, could provide some insight on a link level. However, the necessity to verify the in-band performance is not as obvious as the verification of the unwanted emissions outside the allocated operator block.

6.6
Output RF spectrum emissions

Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions.

As captured in TR36.803 the spectrum emission mask scales in proportion to the channel bandwidth due to PA non-linearity for a single component carrier. In the case of multiple contiguous CC scenarios should the spectrum mask be proportional to the total number of contiguous channel bandwidth (REL8 approach) or be unchanged and be no different from that of a single CC bandwidth?

R4-102739: Way forward

1. 
Adopt the 40 MHz SEM agreed in RAN4 #52 (R4-093151) for 100+100 RB CA transmission bandwidth configuration  noting that NS_x approach can be used to meet additional regional requirements. 

2. 
SEM requirement is defined per carrier aggregation bandwidth class.
6.6.1
Occupied bandwidth

In some regions the concept of “Occupied bandwidth” is used in current regulation to define the value of “Necessary bandwidth” (N.B.). N.B. may be used in radio regulation as a parameter to separate the spurious domain from the out-of-band domain. 

As it is expected that “Occupied bandwidth” may be adopted as a regulatory requirement in some regions also for contiguously aggregated CCs, it is proposed to define in TS 36.101 an OBW requirement specifically for contiguous CA.

Occupied bandwidth can be derived from the UE Aggregated Channel Bandwidth, BWChannel_CA,  (see Clause 5.6), as follows:

Occupied bandwidth ≤ BWChannel_CA [MHz],
in which the carrier spacing between component carriers shall be in accordance with the nominal channel spacing defined for contiguously aggregated component carriers in Clause 5.7.1.

The carrier spacing between component carriers is assumed as the nominal channel spacing in order to obtain a well-defined, single requirement for the UE equipment. 

6.6.2
Out of band emission

6.6.2.1
Spectrum emission mask

Note the current RAN1 assumption assumes in the case of contiguous CC carriers then RB can be freely allocated for the different CC carriers 

6.6.2.2
Additional Spectrum Emission Mask 

Note the current RAN1 assumption assumes in the case of contiguous CC carriers then RB can be freely allocated for the different CC carriers 

6.6.2.3
Adjacent Channel Leakage Ratio 

Depending on the adjacent channel bandwidth (single or multiple CC) it may be necessary to investigate the impact of ALCR with different number of CC for the following; 

1) CA_X    (Intra band  contiguous CA)
R4-102739; Way forward:

Adopt REL-8/9 ACLR requirements for REL-10 carrier aggregation

UTRAACLR1 
= 33 dBc
· UTRAACLR2 
= 36 dBc
In this chapter we present the results of a study were it was investigated which of the ACLR requirement is dimensioning for aggregated signal which consists of two component carriers. This study was not limited to those CC combinations that are applicable for REL-10 instead all possible combinations of REL-8 channel bandwidth were studied. Figure 6.6.2.3-1 below illustrates the agreed ACLR requirements for REL-10.
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Figure 6.6.2.3-1: REL-10 ACLR requirements

From the above figure, the following points can be noticed. 

1. The guard bands around the aggregated signal are the maximum of the two release-8 component carriers, GBmax 

2. EUTRAaclr1 is simulated as defined in chapter 6.6.2.3.1A in [2].
3. UTRAaclr1 and UTRAaclr2 are simulated as defined in chapter 6.6.2.3.2A in [2].
4. The EUTRA_CAaclr
 is simulated as defined in chapter 6.6.2.3.3A in [2].
5. It is evident from Figure 1 that the EUTRAaclr1 on the left and right side of the CA signal would be different if the bandwidths of CC1 and CC2 are different. Hence, the over all EUTRAaclr1 of the Rel-10 signal is defined as the minimum of the EUTRAaclr1 on the left and right side.. 
6. It is further noted that for a fully populated asymmetric configuration, the EUTRAaclr1 measurements will typically be highest adjacent to the higher bandwidth carrier.

In addition to agreed ACLR requirements also EUTRAaclr2 behaviour versus agreed ACLR requirements were studied because it has been discussed in RAN4. There is no intention to specify this requirement but the results are presented for information. Figure 6.6.2.1-2 illustrates how EUTRAaclr2 is defined.
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Figure 6.6.2.3-2 E-UTRAACLR2 definition

Simulation procedure and assumptions

First the operating point for the Rel-10 waveform as shown in 6.6.2.3-1 is determined by adjusting the required backoff of the PA such way that the worst of UTRAaclr1  ≥ 33 dB, UTRAaclr2 ≥ 36 dB and E-UTRAaclr ≥ 30, E-UTRA_CAaclr ≥ 30 dB  is just satisfied. 

Secondly, the various other ACLR results are recorded at this operating point.  This process is repeated for all combinations of bandwidths of CC1 and CC2.

For the simulations the following RF parameters are used. 

Table 6.6.2.3-1: RF parameters

	Parameter
	Value

	Carrier suppression
	25 dB

	Image suppression
	25 dB

	Counter IM 3 suppression
	60 dB

	Number of subframes per simulation point
	4


Results
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Figure 6.6.2.3-3: Simulation results

Figure 6.6.2.3-3 above shows the simulation results.  Limit lines are provided for the four limiting ACLR metrics used to define the modulator operating point.  The graph is divided into three regions corresponding to the limiting metric.

It should be noted that the scenarios depicted on the far left of the figure do not represent likely deployment scenarios, but they are included for completeness.

This study showed the results of simulated ACLR values for  EUTRA waveform consisting of two component carriers. It is showed that for the channel arrangement parameters agreed for REL-10 the EUTRA_CAaclr is the limiting ACLR metric for CA bandwidth Class C.

2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

6.6.2.4
Additional ACLR requirements 

6.6.3
Spurious emissions

Table 6.6.3-1 is the guideline regarding spurious domain cited from ITU-R SM.1541:
Table 6.6.3-1: Start and end of OOB domain
	Type of emission
	If necessary bandwidth 
BN is:
	Offset (() from the centre of the necessary bandwidth for the start of the OoB domain
	Frequency separation between the centre frequency and the spurious boundary 

	Narrow-band
	< BL (see Note 1)
	0.5 BN
	2.5 BL

	Normal
	BL to BU
	0.5 BN
	2.5 BN

	Wideband
	> BU
	0.5 BN
	BU + (1.5 BN)

	NOTE 1 – When BN < BL, no attenuation of unwanted emissions is recommended at frequency separations between 0.5 BN to 0.5 BL.

NOTE 2 – BL and BU are given in Recommendation ITU-R SM.1539.


The offsets in table 6.6.3-1 above are from the centre carrier frequency. Following the equation defined for wideband in the table 6.6.3-1 above, and by assigning BU to be 5MHz, the spurious domain boundary for LTE Rel-8 channel bandwidth is defined as Table 7.9-2 where ΔfOOB is the offset of frequency range from channel edge for single carrier:

Table 6.6.3-2:  Boundary between E-UTRA ΔfOOB and spurious emission domain
	Channel bandwidth 
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	ΔfOOB  (MHz)
	2.8
	6
	10
	15
	20
	25


In SM.1541, the spurious domain for multiple carrier emission is defined to start from the edge of the assigned bandwidth. The guideline in SM.1539 and SM.1541 can be followed to define the spurious domain for LTE-A UE supporting intra-band contiguous CA. Therefore, the boundary of spurious domain, or ΔfOOB, which is the offset from CA channel edge can be calculated by the formula below:

ΔfOOB= BU + (1.5 BN)=CA channel bandwidth+5MHz

It is recommended that the strict Category B requirements for spurious domain emission as defined in ITU-R SM.329 [4]  is followed for LTE-A UE supporting CA in the CA spurious domain to allow global roaming and UE coexistence.

Table 6.6.3-3: Spurious emissions limits
	Frequency Range
	Maximum Level
	Measurement Bandwidth

	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz


It’s for FFS whether the requirements in Table 6.6.3-3 could be band specific.
6.6.3.1
Minimum requirements

6.6.3.2
Spurious emission band UE co-existence

One aspect relating to the emission spectrum would be UE to UE co-existence. In this case the following aspects would need FFS;

· UE1 (Tx) and U2 (Rx) configuration for UE to UE co-existence analysis 

· Should the same limit (-50dBm /1MHz) be applicable 

· In the case of inter band scenario how do we address harmonic requirements

· TDD non synchronized operation 

Note the current RAN1 assumption assumes in the case of contiguous CC carriers then RB can be freely allocated for the different CC carriers 

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

6.6.3.3
Additional spurious emissions

6.7
Transmit intermodulation

The transmit intermodulation performance is a measure of the capability of the transmitter to inhibit the generation of signals in its non linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter via the antenna. 

Note the current RAN1 assumption assumes in the case of contiguous CC carriers then RB can be freely allocated for the different CC carriers 

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

7
Receiver characteristics

7.1
General
Rx characteristic are specified for the following scenarios;

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

Table 7-1 illustrates various Rx architectures options 

Table 5.3.3-1: Possible UE Architecture for the three aggregation scenarios

	Rx Characteristics

	Option 
	 Description (Rx architecture)
	Intra Band aggregation 
	Inter Band aggregation

	
	
	 Contiguous (CC) 
	Non contiguous (CC) 
	Non contiguous (CC) 

	A
	Single (RF + FFT + baseband) with BW>20MHz
	Yes
	-
	 

	B
	Multiple (RF + FFT + baseband) with BW≤20MHz
	Yes
	FFS
	Yes


Type A:  As per TR36.815 can support; CA_X, CA_X-Y, DLMA, and CPE depending on UE capability

Type B:  As per TR36.815 for FFS

Type C:  As per TR36.815 for FFS

Type D:  As per TR36.815 can support; CA_X, CA_X-Y, C DLMA, ULMA and CPE depending on UE capability

7.2
Diversity characteristics

7.3
Reference sensitivity power level

The current reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel

For LTE-A

· Should this be applicable to all ports

· Sensitivity defined per single CC or multiple CC. 

Requirement that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)

5) CPE (Customer Premises equipment

The REFSENS requirement for carrier aggregation is defined in following manner.

1. One additional REFSENS test for intra-band CA and the UL allocation depends on UL-DL separation. 

2. Tx power is Pumax for both cases. 

3. The SCC is in same position always. 

4. Equal PSD for PCC and SCC

5. No MSD requirement
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7.3.2

Requirement for large transmission configurations 

Should the TX be specified for REFENSE be should be single RB, full allocation (single or multiple CC)?

Requirement that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)

5) CPE (Customer Premises equipment)

7.4
Maximum input level

1) CA_X    (Intra band contiguous CA)
One of the limiting factors for maximum input level is the dynamic range of UE RFFE. For single carrier UEs, the requirement of maximum input level of -25 dBm is tested with only one radiating eNB within the frequency band. In both single carrier and contiguous bandwidth carrier aggregation UEs, the front end (LNA, AGC and mixer) is directly exposed to the duplexer pass band before the Rx chain narrows down to the actual channel bandwidth. Hence, the receiver performance would be impacted by the total power received over the operating band for both single CC and CA UEs. In practice, a single carrier UE performance is expected to degrade if neighboring frequencies are also loaded since the RFFE will receive more than -25 dBm in the band of interest for the same near base station coverage.

Two alternative proposals have been evaluated for intra-band contiguous carrier aggregation maximum input level: 

· Proposal 1: Maintain -25 dBm requirement, change the definition 

“This is defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel.”

to read as 

“This is defined as the maximum mean power received at the UE antenna port per component carrier, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel.”

· Proposal 2: no change to current definition, i.e., the maximum input level is defined as the total received power at the UE antenna port.

For intra-band contiguous carrier aggregation, each aggregated channel contains multiple Rel9 channels. In this case, if each component carrier is received at -25 dBm as in proposal 1, the LNA would receive a total of -22 dBm. If the performance requirement remains the same as for Rel-9 single carrier UE, this effectively mandates 3 dB improvement in LNA dynamic range, which requires further feasibility studies. 

In order to understand the network side impact of maximum input level requirements, let us consider a dual-carrier Rel-10 network with mixed Rel-8/9/10 single carrier UEs and Rel-10 carrier aggregation UEs. The single carrier UEs are expected to have 3 dB increased MCL to the base station in this dual-carrier deployment compared to that of an isolated single carrier deployment. Requiring carrier aggregation UEs to maintain -25 dBm maximum input level per CC effectively tightened the coverage requirements for carrier aggregation UEs compared to single carrier UEs. As we know, the main design goal of carrier aggregation is to improve the UE peak rate and trunking capability. Increasing near base station coverage for carrier aggregation UEs relative to single CC UEs does not seem to be an essential feature. Note that single CC Rel-10 UEs with eDL-MIMO and UL-MIMO will still have the same maximum input level performance as in Rel-8/9.

Based on the discussion above, it is reasonable to adopt proposal 2, i.e., maintain the Rel-9 definition of maximum input level at the antenna port for carrier aggregation UEs. This would allow a consistent near base station coverage for all UEs. 

Proposal A: maintain the same definition of maximum input level for intra-band carrier aggregation.

On the other hand, further studies might be required to verify potential improvements in LTE UE FE dynamic range. In principle it should not be expected that the maximum input level at the antenna port could increase with the # of component carriers. In the case of DC-HDSPA, a maximum input level of -22 dBm is defined for a dual-carrier 10 MHz receiver at both 16QAM and 64QAM set points [3]. However, further studies are required to validate whether such an input level is feasible for a wider band system such as CA_1C and CA_40C at 40 MHz bandwidth. We suggest to leave this requirement as [-25 dBm] as in Rel-8/9 for the time being. The group should evaluate the receiver performance at -22 dBm and revisit the requirements in the future.

Proposal B: Leave the maximum input level is at [-25 dBm].
2) CA_X-Y  (Inter band non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

7.5
Adjacent Channel Selectivity (ACS)

ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s). Requirement that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)

5) CPE (Customer Premises equipment)

7.6
Blocking characteristics
The blocking characteristic is a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a specified limit. 

· In-band blocking

· Out of -band blocking

· Narrow band blocking

For LTE-A

· Based on single and/or multiple CC channel bandwidths

·  Power allocation for RB single and/or multiple CC channel bandwidths 

· Per Rx antenna ports or across all antenna ports

· Need to define power allocation and distribution for RB single and/or multiple CC Channel bandwidths due to UE Rx operating point (AGC) 

Requirement that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)

5) CPE (Customer Premises equipment)

7.6.1
In-band blocking

7.6.2
Out-of-band blocking.

7.6.3
Narrow band blocking

7.7
Spurious response

Spurious response is a measure of the receiver's ability to receive a wanted signal on its assigned channel frequency without exceeding a given degradation due to the presence of an unwanted CW interfering signal at any other frequency at which a response is obtained i.e. for which the out of band blocking limit is not met.

Note should requirement per specified per CC or all CC 

Requirement that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)

5) CPE (Customer Premises equipment)

7.8
Intermodulation characteristics

Intermodulation response rejection is a measure of the capability of the receiver to receiver a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal.

Note For LTE-A; Based on single and/or multiple CC channel bandwidths,  Power allocation for RB single and/or multiple CC channel bandwidths  and Per Rx antenna ports or across all antenna ports

Requirement that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)

5) CPE (Customer Premises equipment)

7.8.1
Wide band intermodulation

7.8.2
Void

7.9
Spurious emissions

The spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the UE antenna connector. 
Note should requirement per specified per CC or all CC 

Requirement that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
No changes due to CA are needed
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

No changes due to CA are needed
4) ULMA (Up link multiple antenna)

5) CPE (Customer Premises equipment)

8
CA Co-existence scenarios relating to OOB and Spurious emission 
8.1
General 

This section looks at the impact of any spurious emission and out of band emission products between the two CC for the band dependant deployment scenarios listed below. These spurious emissions and OOB emissions may influence:
· Channel bandwidth

· Required OOB emissions or spectrum emission mask

· Spurious emission

· Regulatory requirements

· Reference sensitivity level 

8.2
Intra - band CA

8.2.1
CA_40

	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	Duplex 

mode

	
	
	UE transmit / BS receive 
	Channel BW
	UE receive / BS transmit 
	Channel BW MHz
	

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	MHz
	FDL_low  (MHz) –  FDL_high (MHz)
	
	

	CA_40
	40
	2300
	–
	2400
	[401)]
	2300
	–
	2400
	[401)]
	TDD

	[1) For the first phase of LTE TDD CA for UE side, with eventual goal for 50MHz]


8.2.2
CA_1

	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz) –  FDL_high (MHz)
	
	

	CA_1
	1
	1920
	–
	1980
	40
	2110
	–
	2170
	40
	FDD


8.3
Inter - band CA

8.3.1
CA_1–5
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz) –  FDL_high (MHz)
	
	

	CA_1-5
	1
	1920
	–
	1980
	101)
	2110
	–
	 2170
	10 
	FDD

	
	5
	824
	–
	849
	101)
	869
	–
	 894
	10
	

	1) Only one uplink component carrier is used in any of the two frequency bands at any time.


9 CPE 

9.1 
General 

This section looks at the specific RF requirements for CPE deployment. [Note- To avoid duplication it is proposed that the general analysis can be included in TR36.942 once the work in this section is completed]
9.2
CPE deployment scenarios

Two models are proposed for CPE deployment as shown on figure 9.2-1

· CPE indoor scenario (semi static indoor deployment). In this case the form factor for the CPE terminal is similar to a WLAN/ router product. The antenna for the CPE terminal fixed ands is Omni-directional. 

· CPE outdoor scenario (wall mounting fixed deployment). In the antenna is directional and is located on the outside wall of the building. The CPE unit may be internal or external depending on the form factor of the product.
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Figure 9.2-1: CPE Deployment scenarios 

. To account for the different deployment scenario the following antenna gain assumption are used;

· Omni-direction antenna for CPE indoor form factor and deployment scenario. 

· Directional antenna for CPE outdoor form factor and deployment scenarios 

9.3
CPE operating band

E-UTRA CPE is designed to operate in operating bands defined in Table 9.3-1.

	E-UTRA CPE Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	BW MHz Channel
	

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz) –  FDL_high (MHz)
	
	

	CPE_13
	13
	777
	–
	787
	10
	746
	–
	756
	10
	FDD

	
	
	
	
	
	
	
	
	
	
	


Table 9.3-1; CPE operating bands

9.4
CPE UE Maximum Output Power
The following CPE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth 
	CPE band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CPE_13
	
	
	27
	±2
	23
	±2
	n/a
	

	
	
	
	
	
	
	
	
	

	Note 

1. The above tolerances are applicable for UE(s) that support a single CPE E-UTRA operating band

2. Power Class 2 would be considered for CPE indoor form factor and deployment scenario 

3. Power Class 3 would be considered for both CPE indoor and outdoor form factor and deployment scenarios 


Table 9.4-1: CPE UE Power Class

To account for the different deployment scenario and CPE power class the following assumption are used;

· Power Class 2 (27dBm) would be considered for CPE indoor form factor and deployment scenario. 

· Power Class 3 (23 dBm) would be considered for both CPE indoor and outdoor form factor and deployment scenarios 

9.5
SEM and OOB emission

The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the edge of the assigned E-UTRA channel bandwidth. It proposed that the requirements in TS36.101 would be unchanged and the existing band specific requirements would be applicable

9.6
ACLR

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.  The current working assumptions for UE ACLR are captured in 6.6.2.3 in TS36.101 are based on the co-existence simulations outlined in TR 36.942 [7]. These simulations are based on 24 dBm maximum UE transmit power and 0dBi antenna gain.  

For CPE work item we need to review these requirements for the two specified deployment scenarios;

· Omni-directional antenna for CPE indoor deployment scenario with Power Class 2. 

· directional antenna for CPE outdoor form deployment scenarios and Power Class 2 and 3

9.6.1
 Simulation methodology and assumptions 

In order to perform Band 13 CPE and Band 14 E-UTRA BS co-existence study using static simulations to investigate the impact of CPE interference on E-UTRA BS uplink throughput, the simulation methodology and assumptions specified in TR 36.942 [7] are followed, except the specific parameters given in Table 9.6.1-1 below.

Table 9.6.1-1: Specific parameters for CPE co-existence study

	Parameter
	Value
	Note

	E-UTRA channel bandwidth
	10 MHz
	

	Propagation model
	Hata Rural (Open Area) propagation model [8] in the 1st phase:

L (d) = 69.55 + 26.16*log(f) ‑ 13.82*log(Hb) ‑ [1.1*log(f) ‑ 0.7]*Hm + [1.56*log(f) ‑ 0.8] + [44.9 ‑ 6.55*log(Hb)]*log(d) ‑ 4.78*[log(f)]2 + 18.33*log(f) ‑ 40.94

Where Hb is BS antenna height in m, Hm is CPE/UE antenna height in m, f is frequency in MHz, d is distance in km.
	The Urban area propagation model [7] could be used in the 2nd phase.

	Log-normally distributed shadowing margin
	10 dB [7]
	

	Building penetration loss
	10 dB [7]
	

	BS antenna gain minus cable loss
	15 dBi [7]
	

	BS antenna height
	60 m [9]
	

	CPE antenna gain minus cable loss
	3 dBi [9] (desktop type) or 7 dBi (wall-mounted type)
	

	CPE antenna height
	1 m [9] (desktop type) or 6 m (wall-mounted type)
	

	BS <-> UE minimum coupling loss (MCL)
	80 dB [7]
	

	BS <-> desktop CPE minimum coupling loss (MCL)
	72 dB [12]
	

	BS <-> wall-mounted CPE minimum coupling loss (MCL)
	67 dB [12]
	

	Cell range
	2 km or 5 km [7]
	

	Carrier frequency
	787 MHz
	Uplink frequency border between Bands 13 and 14

	Maximum Band 13 CPE power
	27 dBm (desktop type) or 23 dBm (wall-mounted type)
	

	Minimum Band 13 CPE power
	-40 dBm [2]
	

	Maximum Band 14 UE power
	23 dBm [2]
	

	Minimum Band 14 UE power
	-40 dBm [2]
	

	Band 13 desktop CPE location
	All Band 13 desktop CPE are indoor
	

	Band 13 wall-mounted CPE antennas location
	All Band 13 wall-mounted CPE antennas are mounted outdoor
	

	Band 14 UE location
	All Band 14 UE are indoor
	This is the worse case regarding Band 14 UE uplink capacity loss.

	Number of active CPE/UE per cell
	3 [7]
	RB number per active CPE/UE is 16

	UE ACLR for aggressor adjacent to the guard band edge
	Considering the 1MHz frequency gap between the Band 13 and Band 14 uplink, the UE ACLR for aggressor adjacent to the guard band edge is obtained by [10]:
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	The UE ACLR of (30 + offset) dB/2.88MHz [7] for aggressor adjacent to the guard band edge could be used as reference.

	Wall-mounted CPE directional antenna pattern
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Where θ3dB = 90 degrees, Am = 15 dB.
	

	Uplink power control equation
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Where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, PL is the path loss for the UE and PLx-ile is the x-percentile path loss (plus shadowing) value [7].
	The parameters of the power control equation are given in separate tables.


The parameters of the uplink power control equation in [7] (shown in Table 9.6.1-2 below) is for UE with 23 dBm maximum power, so they can be reused for Band 14 UE and Band 13 wall-mounted CPE to achieve the same receiver SINR target at the BS [11].

Table 9.6.1-2: Power control algorithm parameters for UE and wall-mounted CPE

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	109
	110
	112
	115

	Set 2
	0,8
	TBD
	TBD
	129
	133


For Band 13 desktop CPE with 27 dBm maximum power, the parameters should be increased by 27 – 23 = 4 dB to achieve the same receiver SINR target at the BS [11]. This is shown in Table 9.6.1-3 below.

Table 9.6.1-3: Power control algorithm parameters for desktop CPE

	Parameter set
	Gamma
	PLx-ile

	
	
	20 MHz bandwidth
	15 MHz bandwidth
	10 MHz bandwidth
	5 MHz bandwidth

	Set 1
	1
	113
	114
	116
	119

	Set 2
	0,8
	N/A
	N/A
	134
	138


9.6.2
 Simulation results  

To investigate the impact of CPE interference on E-UTRA BS uplink throughput, co-existence study using static simulations have been performed. The results are presented in the following tables and figures, according to the scenarios as listed in Table 9.6.2-1 below.

Table 9.6.2-1: List of scenarios for CPE co-existence study

	Table and Figure
	Scenario

	9.6.2-3
	Desktop CPE, 27 dBm maximum power, 5 km rural cell range, power control set 1

	9.6.2-4
	Desktop CPE, 27 dBm maximum power, 5 km rural cell range, power control set 2

	9.6.2-5
	Desktop CPE, 27 dBm maximum power, 2 km rural cell range, power control set 1

	9.6.2-6
	Desktop CPE, 27 dBm maximum power, 5 km rural cell range, power control set 2

	9.6.2-7
	Desktop CPE, 23 dBm maximum power, 5 km rural cell range, power control set 1

	9.6.2-8
	Desktop CPE, 23 dBm maximum power, 5 km rural cell range, power control set 2

	9.6.2-9
	Desktop CPE, 23 dBm maximum power, 2 km rural cell range, power control set 1

	9.6.2-10
	Desktop CPE, 23 dBm maximum power, 2 km rural cell range, power control set 1

	9.6.2-11
	Wall-mounted CPE, 23 dBm maximum power, 5 km rural cell range, power control set 1

	9.6.2-12
	Wall-mounted CPE, 23 dBm maximum power, 5 km rural cell range, power control set 2

	9.6.2-13
	Wall-mounted CPE, 23 dBm maximum power, 2 km rural cell range, power control set 1

	9.6.2-14
	Wall-mounted CPE, 23 dBm maximum power, 2 km rural cell range, power control set 2


And for each scenario in Table 9.6.2-1, four sets of results are shown in each table and figure as listed in Table 9.6.2-2 below. 

Table 9.6.2-2: List of results in each table and figure for each scenario
	Sub-table and Sub-figure
	Results

	(a)
	Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	(b)
	5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	(c)
	Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	(d)
	5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)


Table 9.6.2-3: Desktop CPE, 27 dBm maximum power, 5 km rural cell range, power control set 1

	(a) Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	8.37
	7.08
	11.00
	7.32
	8.07

	-10
	3.42
	2.81
	4.00
	3.37
	3.51

	-5
	1.43
	1.01
	1.90
	1.43
	1.38

	0
	0.50
	0.34
	0.60
	0.56
	0.50

	5
	0.17
	0.11
	0.20
	0.20
	0.17

	10
	0.07
	0.04
	0.10
	0.07
	0.06

	15
	0.01
	0.01
	0.00
	0.02
	0.02

	
	
	
	
	
	

	(b) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	12.24
	11.10
	17.80
	10.49
	9.58

	-10
	4.97
	5.35
	8.30
	3.58
	2.65

	-5
	1.44
	1.96
	1.80
	1.13
	0.87

	0
	0.69
	1.39
	0.80
	0.27
	0.30

	5
	0.40
	1.35
	0.10
	0.03
	0.13

	10
	0.06
	0.02
	0.20
	0.00
	0.01

	15
	0.00
	0.01
	0.00
	0.00
	0.01

	
	
	
	
	
	

	(c) Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	10.07
	8.26
	13.80
	8.15
	

	-10
	4.23
	3.44
	5.40
	3.85
	

	-5
	1.72
	1.29
	2.20
	1.68
	

	0
	0.61
	0.45
	0.70
	0.68
	

	5
	0.20
	0.15
	0.20
	0.26
	

	10
	0.08
	0.05
	0.10
	0.09
	

	15
	0.01
	0.01
	0.00
	0.03
	

	
	
	
	
	
	

	(d) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	14.78
	11.66
	20.20
	12.49
	

	-10
	7.43
	7.98
	9.70
	4.61
	

	-5
	2.15
	2.09
	2.80
	1.56
	

	0
	0.91
	1.39
	0.90
	0.43
	

	5
	0.55
	1.38
	0.20
	0.07
	

	10
	0.07
	0.02
	0.20
	0.00
	

	15
	0.00
	0.01
	0.00
	0.00
	


[image: image27.wmf](a)

0.00

2.00

4.00

6.00

8.00

10.00

12.00

-15

-10

-5

0

5

10

15

ACIR offset (dB)

Average throughput 

loss (%)

Average among companies

R4-104734 Alcatel Lucent

R4-104195 ZTE

R4-104724 LGE

R4-104612 Huawei

(b)

0.00

5.00

10.00

15.00

20.00

-15

-10

-5

0

5

10

15

ACIR offset (dB)

5% CDF throughput 

loss (%)'

Average among companies

R4-104734 Alcatel Lucent

R4-104195 ZTE

R4-104724 LGE

R4-104612 Huawei

(c)

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

-15

-10

-5

0

5

10

15

ACIR offset (dB)

Average throughput loss 

(%)

Average among companies

R4-104734 Alcatel Lucent

R4-104195 ZTE

R4-104724 LGE

(d)

0.00

5.00

10.00

15.00

20.00

25.00

-15

-10

-5

0

5

10

15

ACIR offset (dB)

5% CDF throughput loss 

(%)'

Average among companies

R4-104734 Alcatel Lucent

R4-104195 ZTE

R4-104724 LGE


Figure 9.6.2-3: Desktop CPE, 27 dBm maximum power, 5 km rural cell range, power control set 1

Table 9.6.2-4: Desktop CPE, 27 dBm maximum power, 5 km rural cell range, power control set 2

	(a) Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	5.63
	4.31
	8.50
	4.49
	5.21

	-10
	2.11
	1.55
	2.90
	1.90
	2.09

	-5
	0.86
	0.52
	1.40
	0.74
	0.77

	0
	0.30
	0.17
	0.50
	0.27
	0.26

	5
	0.11
	0.05
	0.20
	0.09
	0.09

	10
	0.04
	0.02
	0.10
	0.03
	0.03

	15
	0.01
	0.01
	0.00
	0.01
	0.01

	
	
	
	
	
	

	(b) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	10.08
	9.72
	16.10
	8.18
	6.31

	-10
	2.38
	1.76
	3.70
	2.65
	1.39

	-5
	0.60
	0.73
	0.50
	0.76
	0.40

	0
	0.24
	0.36
	0.40
	0.16
	0.03

	5
	0.07
	0.11
	0.10
	0.05
	0.01

	10
	0.02
	0.04
	0.00
	0.02
	0.00

	15
	0.01
	0.01
	0.00
	0.01
	0.00

	
	
	
	
	
	

	(c) Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	7.23
	5.27
	11.30
	5.12
	

	-10
	2.84
	1.99
	4.30
	2.24
	

	-5
	1.06
	0.68
	1.60
	0.91
	

	0
	0.39
	0.22
	0.60
	0.34
	

	5
	0.13
	0.07
	0.20
	0.12
	

	10
	0.05
	0.02
	0.10
	0.04
	

	15
	0.01
	0.01
	0.00
	0.01
	

	
	
	
	
	
	

	(d) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	13.56
	9.74
	21.00
	9.93
	

	-10
	3.04
	1.76
	3.80
	3.56
	

	-5
	0.92
	0.73
	0.90
	1.14
	

	0
	0.41
	0.56
	0.40
	0.27
	

	5
	0.12
	0.18
	0.10
	0.07
	

	10
	0.03
	0.06
	0.00
	0.02
	

	15
	0.01
	0.02
	0.00
	0.01
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Figure 9.6.2-4: Desktop CPE, 27 dBm maximum power, 5 km rural cell range, power control set 2

Table 9.6.2-5: Desktop CPE, 27 dBm maximum power, 2 km rural cell range, power control set 1

	(a) Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	3.08
	1.65
	3.90
	4.00
	2.8

	-10
	1.29
	0.56
	2.10
	1.52
	1.0

	-5
	0.44
	0.18
	0.70
	0.53
	0.3

	0
	0.14
	0.06
	0.20
	0.18
	0.1

	5
	0.05
	0.02
	0.10
	0.06
	0.0

	10
	0.01
	0.01
	0.00
	0.02
	0.0

	15
	0.00
	0.00
	0.00
	0.01
	0.0

	
	
	
	
	
	

	(b) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	1.90
	0.94
	3.00
	2.41
	1.3

	-10
	0.59
	0.29
	1.10
	0.61
	0.4

	-5
	0.11
	0.04
	0.10
	0.19
	0.1

	0
	0.03
	0.04
	0.00
	0.06
	0.0

	5
	0.01
	0.01
	0.00
	0.02
	0.0

	10
	0.00
	0.00
	0.00
	0.01
	0.0

	15
	0.00
	0.00
	0.00
	0.00
	0.0

	
	
	
	
	
	

	(c) Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	3.82
	2.10
	4.60
	4.76
	

	-10
	1.71
	0.73
	2.50
	1.90
	

	-5
	0.58
	0.24
	0.80
	0.69
	

	0
	0.17
	0.08
	0.20
	0.23
	

	5
	0.07
	0.02
	0.10
	0.08
	

	10
	0.01
	0.01
	0.00
	0.02
	

	15
	0.00
	0.00
	0.00
	0.01
	

	
	
	
	
	
	

	(d) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	2.81
	1.27
	3.60
	3.55
	

	-10
	1.11
	0.29
	2.10
	0.94
	

	-5
	0.46
	0.19
	0.90
	0.28
	

	0
	0.11
	0.06
	0.20
	0.08
	

	5
	0.01
	0.02
	0.00
	0.02
	

	10
	0.01
	0.01
	0.00
	0.01
	

	15
	0.00
	0.00
	0.00
	0.00
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Figure 9.6.2-5: Desktop CPE, 27 dBm maximum power, 2 km rural cell range, power control set 1

Table 9.6.2-6: Desktop CPE, 27 dBm maximum power, 2 km rural cell range, power control set 2

	(a) Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	2.44
	1.27
	3.30
	2.72
	2.48

	-10
	0.99
	0.42
	1.70
	0.97
	0.85

	-5
	0.33
	0.13
	0.60
	0.32
	0.28

	0
	0.11
	0.04
	0.20
	0.10
	0.09

	5
	0.02
	0.01
	0.00
	0.03
	0.03

	10
	0.00
	0.00
	0.00
	0.01
	0.009

	15
	0.00
	0.00
	0.00
	0.00
	0.003

	
	
	
	
	
	

	(b) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	1.49
	0.18
	2.20
	1.89
	1.68

	-10
	0.52
	0.06
	1.00
	0.52
	0.5

	-5
	0.13
	0.02
	0.20
	0.16
	0.15

	0
	0.02
	0.01
	0.00
	0.05
	0.017

	5
	0.00
	0.00
	0.00
	0.01
	0.005

	10
	0.00
	0.00
	0.00
	0.01
	0.002

	15
	0.00
	0.00
	0.00
	0.00
	0

	
	
	
	
	
	

	(c) Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	3.00
	1.65
	4.00
	3.34
	

	-10
	1.26
	0.55
	2.00
	1.24
	

	-5
	0.44
	0.18
	0.70
	0.43
	

	0
	0.13
	0.06
	0.20
	0.14
	

	5
	0.05
	0.02
	0.10
	0.04
	

	10
	0.01
	0.01
	0.00
	0.02
	

	15
	0.00
	0.00
	0.00
	0.00
	

	
	
	
	
	
	

	(d) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	2.45
	0.90
	3.50
	2.96
	

	-10
	0.67
	0.06
	1.20
	0.76
	

	-5
	0.12
	0.02
	0.10
	0.23
	

	0
	0.03
	0.01
	0.00
	0.07
	

	5
	0.01
	0.00
	0.00
	0.02
	

	10
	0.00
	0.00
	0.00
	0.01
	

	15
	0.00
	0.00
	0.00
	0.00
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Figure 9.6.2-6: Desktop CPE, 27 dBm maximum power, 2 km rural cell range, power control set 2

Table 9.6.2-7: Desktop CPE, 23 dBm maximum power, 5 km rural cell range, power control set 1

	(a) Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	7.62
	6.44
	9.30
	7.08
	7.67

	-10
	3.26
	2.53
	4.00
	3.24
	3.28

	-5
	1.37
	0.91
	1.90
	1.37
	1.28

	0
	0.48
	0.30
	0.60
	0.54
	0.46

	5
	0.16
	0.10
	0.20
	0.20
	0.15

	10
	0.06
	0.03
	0.10
	0.07
	0.049

	15
	0.01
	0.01
	0.00
	0.02
	0.02

	
	
	
	
	
	

	(b) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	10.05
	10.09
	11.50
	9.78
	8.82

	-10
	3.42
	2.54
	5.60
	3.28
	2.25

	-5
	1.44
	1.94
	2.10
	1.09
	0.62

	0
	0.57
	1.39
	0.30
	0.31
	0.27

	5
	0.42
	1.33
	0.20
	0.08
	0.05

	10
	0.01
	0.02
	0.00
	0.02
	0.01

	15
	0.01
	0.01
	0.00
	0.01
	0.004

	
	
	
	
	
	

	(c) Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	9.43
	7.60
	12.80
	7.90
	

	-10
	3.88
	3.14
	4.80
	3.71
	

	-5
	1.70
	1.18
	2.30
	1.61
	

	0
	0.59
	0.41
	0.70
	0.65
	

	5
	0.19
	0.13
	0.20
	0.25
	

	10
	0.08
	0.04
	0.10
	0.09
	

	15
	0.01
	0.01
	0.00
	0.03
	

	
	
	
	
	
	

	(d) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	12.28
	11.26
	13.80
	11.77
	

	-10
	5.87
	7.97
	5.40
	4.25
	

	-5
	1.94
	2.08
	2.20
	1.53
	

	0
	0.86
	1.39
	0.70
	0.49
	

	5
	0.56
	1.38
	0.20
	0.11
	

	10
	0.05
	0.02
	0.10
	0.03
	

	15
	0.01
	0.01
	0.00
	0.01
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Figure 9.6.2-7: Desktop CPE, 23 dBm maximum power, 5 km rural cell range, power control set 1

Table 9.6.2-8: Desktop CPE, 23 dBm maximum power, 5 km rural cell range, power control set 2

	(a) Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	5.14
	4.29
	6.50
	4.57
	5.21

	-10
	2.12
	1.55
	2.90
	1.94
	2.09

	-5
	0.86
	0.52
	1.40
	0.76
	0.77

	0
	0.30
	0.17
	0.50
	0.27
	0.26

	5
	0.11
	0.05
	0.20
	0.09
	0.087

	10
	0.04
	0.02
	0.10
	0.03
	0.027

	15
	0.01
	0.01
	0.00
	0.01
	0.009

	
	
	
	
	
	

	(b) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	9.15
	9.72
	12.10
	8.45
	6.31

	-10
	2.15
	1.72
	2.70
	2.78
	1.39

	-5
	0.61
	0.73
	0.50
	0.82
	0.4

	0
	0.25
	0.36
	0.40
	0.21
	0.031

	5
	0.07
	0.11
	0.10
	0.06
	0.011

	10
	0.02
	0.04
	0.00
	0.02
	0.0032

	15
	0.01
	0.01
	0.00
	0.01
	0.001

	
	
	
	
	
	

	(c) Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	6.24
	5.24
	8.30
	5.19
	

	-10
	2.28
	1.98
	2.60
	2.27
	

	-5
	1.07
	0.68
	1.60
	0.92
	

	0
	0.39
	0.22
	0.60
	0.35
	

	5
	0.13
	0.07
	0.20
	0.12
	

	10
	0.05
	0.02
	0.10
	0.04
	

	15
	0.01
	0.01
	0.00
	0.01
	

	
	
	
	
	
	

	(d) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	11.68
	9.74
	15.00
	10.30
	

	-10
	3.08
	1.72
	3.80
	3.73
	

	-5
	0.95
	0.73
	0.90
	1.21
	

	0
	0.43
	0.56
	0.40
	0.33
	

	5
	0.12
	0.18
	0.10
	0.09
	

	10
	0.03
	0.06
	0.00
	0.03
	

	15
	0.01
	0.02
	0.00
	0.01
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Figure 9.6.2-8: Desktop CPE, 23 dBm maximum power, 5 km rural cell range, power control set 2

Table 9.6.2-9: Desktop CPE, 23 dBm maximum power, 2 km rural cell range, power control set 1

	(a) Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	3.07
	1.64
	3.90
	3.99
	2.75

	-10
	1.31
	0.55
	2.20
	1.51
	0.98

	-5
	0.44
	0.18
	0.70
	0.53
	0.33

	0
	0.14
	0.06
	0.20
	0.18
	0.107

	5
	0.05
	0.02
	0.10
	0.06
	0.033

	10
	0.01
	0.01
	0.00
	0.02
	0.011

	15
	0.00
	0.00
	0.00
	0.01
	0.003

	
	
	
	
	
	

	(b) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	1.62
	0.92
	1.90
	2.38
	1.26

	-10
	0.54
	0.29
	0.90
	0.59
	0.37

	-5
	0.15
	0.12
	0.20
	0.18
	0.11

	0
	0.06
	0.04
	0.10
	0.05
	0.033

	5
	0.01
	0.01
	0.00
	0.02
	0.007

	10
	0.00
	0.00
	0.00
	0.00
	0.002

	15
	0.00
	0.00
	0.00
	0.00
	0

	
	
	
	
	
	

	(c) Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	3.81
	2.09
	4.60
	4.75
	

	-10
	1.71
	0.73
	2.50
	1.89
	

	-5
	0.58
	0.24
	0.80
	0.69
	

	0
	0.17
	0.08
	0.20
	0.23
	

	5
	0.07
	0.02
	0.10
	0.08
	

	10
	0.01
	0.01
	0.00
	0.02
	

	15
	0.00
	0.00
	0.00
	0.01
	

	
	
	
	
	
	

	(d) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	2.90
	1.27
	3.80
	3.64
	

	-10
	1.11
	0.29
	2.10
	0.94
	

	-5
	0.37
	0.19
	0.70
	0.21
	

	0
	0.08
	0.06
	0.10
	0.07
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	0.01
	0.02
	0.00
	0.02
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	0.01
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	0.00
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Figure 9.6.2-9: Desktop CPE, 23 dBm maximum power, 2 km rural cell range, power control set 1

Table 9.6.2-10: Desktop CPE, 23 dBm maximum power, 2 km rural cell range, power control set 2

	(a) Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	2.20
	1.27
	2.30
	2.75
	2.48

	-10
	0.87
	0.42
	1.20
	0.99
	0.85

	-5
	0.34
	0.13
	0.60
	0.33
	0.28

	0
	0.11
	0.04
	0.20
	0.11
	0.08

	5
	0.02
	0.01
	0.00
	0.03
	0.028

	10
	0.00
	0.00
	0.00
	0.01
	0.008

	15
	0.00
	0.00
	0.00
	0.00
	0.003

	
	
	
	
	
	

	(b) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	R4-104612 Huawei

	-15
	1.31
	0.18
	1.50
	1.96
	1.61

	-10
	0.40
	0.06
	0.50
	0.52
	0.5

	-5
	0.13
	0.02
	0.20
	0.16
	0.15

	0
	0.04
	0.01
	0.10
	0.05
	0.016

	5
	0.01
	0.00
	0.00
	0.02
	0.005

	10
	0.00
	0.00
	0.00
	0.00
	0.002

	15
	0.00
	0.00
	0.00
	0.00
	0

	
	
	
	
	
	

	(c) Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	2.68
	1.65
	3.00
	3.38
	

	-10
	1.04
	0.55
	1.30
	1.27
	

	-5
	0.44
	0.18
	0.70
	0.44
	

	0
	0.13
	0.06
	0.20
	0.14
	

	5
	0.06
	0.02
	0.10
	0.05
	

	10
	0.01
	0.01
	0.00
	0.01
	

	15
	0.00
	0.00
	0.00
	0.00
	

	
	
	
	
	
	

	(d) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104724 LGE
	

	-15
	1.91
	0.90
	1.80
	3.02
	

	-10
	0.62
	0.06
	1.00
	0.79
	

	-5
	0.22
	0.02
	0.40
	0.23
	

	0
	0.09
	0.01
	0.20
	0.07
	

	5
	0.01
	0.00
	0.00
	0.02
	

	10
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	0.00
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	0.01
	

	15
	0.00
	0.00
	0.00
	0.00
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Figure 9.6.2-10: Desktop CPE, 23 dBm maximum power, 2 km rural cell range, power control set 2

Table 9.6.2-11: Wall-mounted CPE, 23 dBm maximum power, 5 km rural cell range, power control set 1

	(a) Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	R4-104612 Huawei

	-15
	3.04
	3.35
	5.40
	2.14
	1.26

	-10
	0.88
	0.44
	1.90
	0.74
	0.44

	-5
	0.29
	0.14
	0.60
	0.25
	0.15

	0
	0.09
	0.04
	0.20
	0.08
	0.05

	5
	0.04
	0.01
	0.10
	0.03
	0.015

	10
	0.00
	0.00
	0.00
	0.01
	0.004

	15
	0.00
	0.00
	0.00
	0.00
	0

	
	
	
	
	
	

	(b) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	R4-104612 Huawei

	-15
	1.34
	1.64
	2.20
	0.78
	0.73

	-10
	0.35
	0.08
	0.80
	0.25
	0.25

	-5
	0.11
	0.02
	0.30
	0.08
	0.04

	0
	0.04
	0.01
	0.10
	0.02
	0.01

	5
	0.00
	0.00
	0.00
	0.01
	0.003

	10
	0.00
	0.00
	0.00
	0.00
	0

	15
	0.00
	0.00
	0.00
	0.00
	0

	
	
	
	
	
	

	(c) Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	

	-15
	3.68
	4.26
	4.10
	2.69
	

	-10
	0.75
	0.58
	0.70
	0.97
	

	-5
	0.27
	0.19
	0.30
	0.33
	

	0
	0.09
	0.06
	0.10
	0.11
	

	5
	0.02
	0.02
	0.00
	0.03
	

	10
	0.01
	0.01
	0.00
	0.01
	

	15
	0.00
	0.00
	0.00
	0.00
	

	
	
	
	
	
	

	(d) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	

	-15
	1.90
	2.01
	2.50
	1.19
	

	-10
	0.44
	0.08
	0.90
	0.34
	

	-5
	0.14
	0.02
	0.30
	0.10
	

	0
	0.05
	0.01
	0.10
	0.03
	

	5
	0.00
	0.00
	0.00
	0.01
	

	10
	0.00
	0.00
	0.00
	0.00
	

	15
	0.00
	0.00
	0.00
	0.00
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Figure 9.6.2-11: Wall-mounted CPE, 23 dBm maximum power, 5 km rural cell range, power control set 1

Table 9.6.2-12: Wall-mounted CPE, 23 dBm maximum power, 5 km rural cell range, power control set 2

	(a) Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	R4-104612 Huawei

	-15
	3.55
	4.25
	4.90
	3.03
	2.02

	-10
	1.01
	0.58
	1.70
	1.05
	0.72

	-5
	0.32
	0.18
	0.50
	0.35
	0.24

	0
	0.11
	0.06
	0.20
	0.11
	0.08

	5
	0.02
	0.02
	0.00
	0.04
	0.025

	10
	0.01
	0.01
	0.00
	0.01
	0.008

	15
	0.00
	0.00
	0.00
	0.00
	0

	
	
	
	
	
	

	(b) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	R4-104612 Huawei

	-15
	2.24
	2.91
	2.80
	2.25
	0.99

	-10
	0.54
	0.19
	1.00
	0.58
	0.39

	-5
	0.12
	0.02
	0.30
	0.12
	0.05

	0
	0.01
	0.01
	0.00
	0.03
	0.017

	5
	0.01
	0.00
	0.00
	0.02
	0.005

	10
	0.00
	0.00
	0.00
	0.01
	0.002

	15
	0.00
	0.00
	0.00
	0.00
	0

	
	
	
	
	
	

	(c) Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	

	-15
	4.89
	5.44
	5.40
	3.82
	

	-10
	1.39
	0.78
	2.00
	1.38
	

	-5
	0.44
	0.25
	0.60
	0.46
	

	0
	0.14
	0.08
	0.20
	0.15
	

	5
	0.03
	0.03
	0.00
	0.05
	

	10
	0.01
	0.01
	0.00
	0.02
	

	15
	0.00
	0.00
	0.00
	0.00
	

	
	
	
	
	
	

	(d) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	

	-15
	3.50
	2.91
	4.10
	3.50
	

	-10
	0.85
	0.38
	1.30
	0.86
	

	-5
	0.24
	0.02
	0.50
	0.19
	

	0
	0.02
	0.01
	0.00
	0.04
	

	5
	0.01
	0.00
	0.00
	0.03
	

	10
	0.00
	0.00
	0.00
	0.01
	

	15
	0.00
	0.00
	0.00
	0.00
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Figure 9.6.2-12: Wall-mounted CPE, 23 dBm maximum power, 5 km rural cell range, power control set 2

Table 9.6.2-13: Wall-mounted CPE, 23 dBm maximum power, 2 km rural cell range, power control set 1

	(a) Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	R4-104612 Huawei

	-15
	1.24
	1.02
	1.90
	1.36
	0.66

	-10
	0.36
	0.17
	0.60
	0.44
	0.21

	-5
	0.12
	0.05
	0.20
	0.14
	0.07

	0
	0.05
	0.02
	0.10
	0.05
	0.02

	5
	0.01
	0.01
	0.00
	0.01
	0.007

	10
	0.00
	0.00
	0.00
	0.00
	0.002

	15
	0.00
	0.00
	0.00
	0.00
	0

	
	
	
	
	
	

	(b) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	R4-104612 Huawei

	-15
	0.74
	1.13
	1.20
	0.38
	0.26

	-10
	0.25
	0.30
	0.50
	0.14
	0.05

	-5
	0.06
	0.07
	0.10
	0.05
	0.01

	0
	0.01
	0.01
	0.00
	0.01
	0.004

	5
	0.00
	0.00
	0.00
	0.00
	0.001

	10
	0.00
	0.00
	0.00
	0.00
	0

	15
	0.00
	0.00
	0.00
	0.00
	0

	
	
	
	
	
	

	(c) Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	

	-15
	1.78
	1.35
	2.20
	1.80
	

	-10
	0.50
	0.23
	0.70
	0.56
	

	-5
	0.19
	0.07
	0.30
	0.19
	

	0
	0.06
	0.02
	0.10
	0.06
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	0.01
	0.01
	0.00
	0.02
	

	10
	0.00
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	0.00
	0.01
	

	15
	0.00
	0.00
	0.00
	0.00
	

	
	
	
	
	
	

	(d) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	

	-15
	0.97
	1.49
	0.90
	0.53
	

	-10
	0.39
	0.48
	0.50
	0.19
	

	-5
	0.13
	0.13
	0.20
	0.06
	

	0
	0.01
	0.02
	0.00
	0.02
	

	5
	0.00
	0.00
	0.00
	0.01
	

	10
	0.00
	0.00
	0.00
	0.00
	

	15
	0.00
	0.00
	0.00
	0.00
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Figure 9.6.2-13: Wall-mounted CPE, 23 dBm maximum power, 2 km rural cell range, power control set 1

Table 9.6.2-14: Wall-mounted CPE, 23 dBm maximum power, 2 km rural cell range, power control set 2

	(a) Average E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	R4-104612 Huawei

	-15
	2.26
	1.90
	3.00
	2.31
	1.82

	-10
	0.57
	0.33
	0.60
	0.76
	0.59

	-5
	0.19
	0.10
	0.20
	0.25
	0.19

	0
	0.07
	0.03
	0.10
	0.08
	0.06

	5
	0.01
	0.01
	0.00
	0.02
	0.02

	10
	0.00
	0.00
	0.00
	0.01
	0.01

	15
	0.00
	0.00
	0.00
	0.00
	0.00

	
	
	
	
	
	

	(b) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (32+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	R4-104612 Huawei

	-15
	1.09
	0.87
	1.60
	1.05
	0.84

	-10
	0.42
	0.09
	1.00
	0.33
	0.25

	-5
	0.18
	0.03
	0.50
	0.11
	0.09

	0
	0.07
	0.01
	0.20
	0.04
	0.01

	5
	0.00
	0.00
	0.00
	0.01
	0.00

	10
	0.00
	0.00
	0.00
	0.00
	0.00

	15
	0.00
	0.00
	0.00
	0.00
	0.00

	
	
	
	
	
	

	(c) Average E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	

	-15
	2.62
	2.51
	2.30
	3.04
	

	-10
	0.72
	0.44
	0.70
	1.02
	

	-5
	0.22
	0.14
	0.20
	0.33
	

	0
	0.08
	0.04
	0.10
	0.11
	

	5
	0.01
	0.01
	0.00
	0.03
	

	10
	0.00
	0.00
	0.00
	0.01
	

	15
	0.00
	0.00
	0.00
	0.00
	

	
	
	
	
	
	

	(d) 5% CDF E-UTRA UL throughput loss (%) Vs ACIR (30+offset, 43+offset)

	ACIR offset (dB)
	Average among companies
	R4-104734 Alcatel Lucent
	R4-104195 ZTE
	R4-104723 LGE
	

	-15
	1.39
	1.49
	1.20
	1.47
	

	-10
	0.48
	0.48
	0.50
	0.46
	

	-5
	0.16
	0.13
	0.20
	0.15
	

	0
	0.02
	0.02
	0.00
	0.05
	

	5
	0.01
	0.00
	0.00
	0.02
	

	10
	0.00
	0.00
	0.00
	0.01
	

	15
	0.00
	0.00
	0.00
	0.00
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Figure 9.6.2-14: Wall-mounted CPE, 23 dBm maximum power, 2 km rural cell range, power control set 2 

9.7
FFS

9.8

Band 13 

This section looks at the band 13 specific requirements that would need to be specified; 

· Spurious emission and CPE to UE co-existence

· REFSENS

· Others 

9.8.1 
B13 Spurious emission and CPE to UE co-existence 

The main co-existence aspect that needs to be addressed is CPE to UE co-existence as shown below in figure 9.8.1 and for the deployment assumptions detailed in table 9.8-1. 
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Figure 9.8.1-1: B13 CPE indoor and outdoor deployment UE2 co-existence 

	Parameters 
	CPE Indoor deployment scenario 
	CPE Outdoor deployment scenario 

	
	CPE to outdoor UE 
	CPE to indoor UE
	CPE to outdoor UE
	CPE to indoor UE

	
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	Target band/ frequency for co-existence analysis 
	  [  ] MHz
	  [  ] MHz
	  [  ] MHz
	  [  ] MHz

	CPE terminal maximum power 
	27/23 dBm
	27/23 dBm
	23 dBm
	23 dBm

	CPE terminal Antenna gain (minus cable loss)
	TBD
	TBD
	TBD
	TBD

	CPE terminal Antenna radiation pattern
	360°
	360°
	TBD° 2
	TBD° 2

	CPE terminal antenna height 
	1m
	1m
	6m
	6m

	CPE terminal effective Antenna patten gain
	-
	-
	TBD
	TBD

	LTE BS antenna height
	60m
	60m
	60m
	60m

	LTE BS antenna gain (minus cable loss (dBi)
	15dBi
	15dBi
	15dBi
	15dBi

	Building penetration loss
	10dB
	n/a
	n/a
	10dB

	UE2 antenna gain 
	-10dBi1
	-10dBi1
	-10dBi1
	-10dBi1

	UE2 terminal  antenna height 
	1.5m
	1.5m
	1.5m
	1.5m

	CPE emission target 
	
	
	
	

	Note

	1.        Assumes  head and hand losses for handset deployment

	2.        Taking into account out door CPE antenna pattern


Table 9.8.1-1: Deployment assumptions for deterministic co-existence analysis 

The above deployment assumptions in Table 9.8-1 are based on worst case deterministic analysis.  Further work is needed to account for more realistic deployment scenario to account for; power control, cell size, directional antenna pattern etc.   

9.8.2 B13 CPE RFSENS 

Self interference is a function of Tx – Rx spacing, duplex filter performance, Tx power and transmitted RB(s). For a fixed duplex gap the self interference increases with channel bandwidth, transmit power class and RB allocation. 

Annex A

CA deployment scenarios

A.1
General 

A.2
Intra - band Contiguous CA

As discussed so far, one of the most likely candidates for Intra-band Contiguous CA is 3.5 GHz (Scenario #1 for LTE-A feasibility study). However, the band arrangement in 3500 MHz for IMT-Advanced is still on-going or FFS in ITU-R and each country, and it would be wise to postpone the RAN4 work for 3.5 GHz for LTE-Advanced until Release 11 (beyond 2010), in which the band arrangement would be clarified in each country.

Other possible band scenarios for this scenario are 2600 MHz for FDD and 2300/2600 MHz for TDD based on the operators’ feedbacks. Therefore, it is proposed that the following band scenarios should be studied for Intra-band Contiguous CA in Release 10 WI. Band scenarios are presented in Table 1.

(Proposed band scenarios)

· FDD: UL: 40 MHz, DL: 40 MHz in Band 7 (2600 MHz) 

· TDD: UL/DL: 50 MHz in Band 40 (2300 MHz)

· TDD: UL/DL: 40 MHz in Band 38 (2600 MHz)
Table 1 Operator proposed CA scenarios - Intra-band contiguous
	Transmission bandwidth
	Number of LTE-A component carriers
	Duplex mode
	Region

	UL: 40 MHz

DL: 40 MHz
	20 MHz CC + 20 MHz CC + TBD (Band 3)
	FDD
	Region 1

	UL/DL: 50 MHz
	20 MHz CC + 20 MHz CC + 10 MHz + TBD (Band 40)
	TDD
	Region 3

	UL: 40 MHz

DL: 40 MHz
	20 MHz CC + 20 MHz CC + TBD (Band 7)
	FDD
	Region 1

	UL/DL: 40 MHz
	20 MHz CC + 20 MHz CC + 10 MHz + TBD (Band 38)
	TDD
	Region 2


(Note 1) TBD means smaller carrier to maximize the spectrum allocations. It would be carrier segment or extension carrier or normal component carrier.
A.3
Inter band Non - Contiguous CA

Table 2-5 present band scenarios, which have been proposed so far by operators co-signing this contribution. Based on the agreed approach, i.e. prioritizing/limiting band scenarios per region, it is proposed that the following band scenarios should be studied for Inter-band Non-contiguous CA in Release 10 WI. 
(Proposed band scenarios)

· Region 1

· 40 MHz UL/DL: 20 MHz CC (Band 7) + 20 MHz CC (Band 20)

· 40 MHz UL/DL: 20 MHz CC (Band 3) + 20 MHz CC (Band 20)

· 40 MHz UL/DL: 20 MHz (Band 7) + 20 MHz CC (Band 3)

· Note: The UL and DL transmission bandwidths are the maximum configurable bandwidths considered for Rel-10. Re-8/Rel-9 LTE transmission bandwidths should be possible to use in order to allow also for lower total bandwidth CC combinations

· Region 2

· 20MHz UL/DL: 10 MHz CC (Band 5) + 10 MHz CC (Band 12), FDD
· 10MHz UL/DL:5MHz CC (Band 17) + 5MHz CC (Band 4), FDD
· 20 MHz UL/DL: 10 MHz CC (Band 13) + 10 MHz CC (Band 4), FDD

· 20 MHz UL/DL: 10 MHz CC (Band 13) + 10 MHz CC (Band 12), FDD

· 20MHz UL/DL:10MHz CC (Band 2) + 10 MHz CC (Band 4), FDD
· 10 MHz UL/DL: 5 MHz CC (Band 18) + 5 MHz CC (Band 2), FDD
· Region 3

· 20 MHz UL/DL: 10 MHz CC (Band 1) + 10 MHz CC (Band 19)

· 20 MHz UL/DL: 10 MHz CC (Band 11) + 10 MHz CC (Band 18)

· 40MHz UL/DL: 20 MHz CC (Band 38) + 20 MHz CC (Band 40)
· 20 MHz UL/DL: 10 MHz CC (Band 3) + 10 MHz CC (Band 5 or 8) 
· 20 MHz UL/DL: 10 MHz CC (Band 1) + 10 MHz CC (Band 5), FDD

· 15 MHz UL/DL: 5 MHz CC (Band 1 + 10 MHz CC (Band 8), FDD 
Table 2 Operator proposed CA scenarios - (High band + Low band) combination

	Transmission bandwidth
	Number of LTE-A component carriers
	Duplex mode
	Region

	UL: 40 MHz

DL: 40 MHz
	20 MHz CC (Band 7) + 20 MHz CC (Band 20)
	FDD
	Region 1

	UL: 40 MHz

DL: 40 MHz
	20 MHz CC (Band 3) + 20 MHz CC (Band 20)
	FDD
	Region 1

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 13) + 10 MHz CC (Band 4)
	FDD
	Region 2

	UL: 10 MHz

DL: 10 MHz
	5 MHz CC (Band 17) + 5 MHz CC (Band 4)
	FDD
	Region 2

	UL: 15 MHz

DL: 15 MHz
	10 MHz CC (Band 17) + 5 MHz CC (Band 4)
	FDD
	Region 2

	UL: 10 MHz

DL: 10 MHz
	(Beyond R10)

5 MHz CC (Band 4) + 5 MHz CC (Band 5)
	FDD
	Region 2

	UL: 10 MHz

DL: 10 MHz
	(Beyond R10)

5 MHz CC (Band 17) + 5 MHz CC (Band 2)
	FDD
	Region 2

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 2) + 10 MHz CC (Band 12)
	FDD
	Region 2

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 2) + 10 MHz CC (Band 5)
	FDD
	Region 2

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 4) + 10 MHz CC (Band 5)
	FDD
	Region 2

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 4) + 10 MHz CC (Band 12)
	FDD
	Region 2

	UL: 20 MHz,

DL: 20 MHz
	10 MHz CC (Band 1) + 10 MHz CC (Band 19)
	FDD
	Region 3

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 18) + 10 MHz CC (Band 11)
	FDD
	Region 3

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 18) + 10 MHz CC (Band 1)
	FDD
	Region 3

	UL: 15 MHz

DL: 15 MHz
	5 MHz CC (Band 1) + 10MHz CC (Band 5/8)
	FDD
	Region 3

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 1) + 10 MHz CC (Band 5/8)
	FDD
	Region 3

	UL: 30 MHz

DL: 30 MHz
	20 MHz CC (Band 1) + 10 MHz CC (Band 5/8)
	FDD
	Region 3

	UL: 15 MHz

DL: 15 MHz
	5 MHz CC (Band 3) + 10MHz CC (Band 5/8)
	FDD
	Region 3

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 3) + 10 MHz CC (Band 5/8)
	FDD
	Region 3

	UL: 30 MHz

DL: 30 MHz
	20 MHz CC (Band 3) + 10 MHz CC (Band 5/8)
	FDD
	Region 3

	UL: 10 MHz

DL: 10 MHz
	5 MHz CC (Band 18) + 5 MHz CC (Band 2)
	FDD
	Region 2

	
	
	
	


Note 1: Some operators prefer not to document Release 11 scenarios now (or setting priority), as they see a need to await the outcome of spectrum auctions and regional spectrum allocation before deciding which carrier aggregation scenarios are needed.

Table 3 Operator proposed CA scenarios (High band + High band) combination view

	Transmission bandwidth
	Number of LTE-A component carriers
	Duplex mode
	Region

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 1) + 10 MHz CC (Band 3)
	FDD
	Region 1

	UL: 30 MHz

DL: 30 MHz
	10 MHz CC (Band 1) + 20 MHz CC (Band 7)
	FDD
	Region 1

	UL: 30 MHz

DL: 30 MHz
	10 MHz CC (Band 3) + 20 MHz CC (Band 7)
	FDD
	Region 1

	UL: 40 MHz

DL: 40 MHz
	20 MHz CC (Band 7) + 20 MHz CC (Band 22)
	FDD
	Region 1

	UL: 40 MHz

DL: 40 MHz
	20 MHz CC (Band 7) + 20 MHz CC (Band 3)
	FDD
	Region 1

	UL: 10 MHz

DL: 10 MHz
	(Beyond R10)

5 MHz CC (Band 4) + 5 MHz CC (Band 2)
	FDD
	Region 2

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 2) + 10 MHz CC (Band 4)
	FDD
	Region 2

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 11) + 10 MHz CC (Band 1)
	FDD
	Region 3

	UL/DL: 40MHz
	20 MHz CC (Band 38) + 20 MHz CC (Band 40)
	TDD
	Region 3

	UL/DL:

65MHz
	Beyond R10

15MHz CC(Band 34) + 50MHz (Band 40)
	TDD
	Region 3


Note 1: Some operators prefer not to document Release 11 scenarios now (or setting priority), as they see a need to await the outcome of spectrum auctions and regional spectrum allocation before deciding which carrier aggregation scenarios are needed.
Table 4 Operator proposed CA scenarios - (Low band + Low band) combination view

	Transmission bandwidth
	Number of LTE-A component carriers
	Duplex mode
	Region

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 13) + 10 MHz CC (Band 12)
	FDD
	Region 2

	UL: 20 MHz

DL: 20 MHz
	10 MHz CC (Band 5) + 10 MHz CC (Band 12)
	FDD
	Region 2


Note 1: Some operators prefer not to document Release 11 scenarios now (or setting priority), as they see a need to await the outcome of spectrum auctions and regional spectrum allocation before deciding which carrier aggregation scenarios are needed.
Table 5 Operator proposed CA scenarios - (Three bands) combination view

	Transmission bandwidth
	Number of LTE-A component carriers
	Duplex mode
	Region

	UL: 40 MHz

DL: 40 MHz
	10 MHz CC (Band 1) + 10 MHz CC (Band 3) + 20 MHz CC (Band 7)
	FDD
	Region 1

	UL: 30 MHz

DL: 30 MHz
	10 MHz CC (Band 13) + 10 MHz CC (Band 12) + 10 MHz (Band 4)
	FDD
	Region 2

	UL: 30 MHz

DL: 30 MHz
	10 MHz CC (Band 18) + 10 MHz CC (Band 11) + 10 MHz (Band 1)
	FDD
	Region 3

	UL/DL:

85 MHz


	(Beyond R10)
20MHz(band 39) + 15MHz(band 34) + 50MHz(band 40)
	TDD
	Region 3


Note 1: Some companies feel that three band scenarios should be postponed to Release 11 and later.

Note 2: Some operators prefer not to document Release 11 scenarios now (or setting priority), as they see a need to await the outcome of spectrum auctions and regional spectrum allocation before deciding which carrier aggregation scenarios are needed.
A.4
Intra - band Contiguous CA

As discussed so far, this seems more likely in bands already allocated, or allocated prior to LTE-A deployments, where mergers or new auctions or regional spectrum allocations lead to operators having non-contiguous spectrum. From a Release 10 time frame point of view, however, it would be premature to start the RAN4 work on this scenario and it would be acceptable to delay it in later release. Band scenarios after Release 10 are presented in Table 6.

(Proposed band scenarios)

· FDD: None

· TDD: None

Table 6 Operator proposed CA scenarios – Intra-band non-contiguous
	Transmission bandwidth
	Number of LTE-A component carriers
	Duplex mode
	Region

	UL: 40 MHz

DL: 40 MHz
	20 MHz CC (Band 7) + 20 MHz CC (Band 7)
	FDD
	Region 1

	UL: 10 MHz

DL: 10 MHz
	5 MHz CC (Band 2) + 5 MHz CC (Band 2)
	FDD
	Region 2
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply in the case of a single component carrier. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Channel edge: The lowest and highest frequency of the carrier, separated by the channel bandwidth.

Channel bandwidth: The RF bandwidth supporting a single E-UTRA RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell. The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.

Maximum Output Power: The mean power level per carrier of UE measured at the antenna connector in a specified reference condition.

Mean power: When applied to E-UTRA transmission this is the power measured in the operating system bandwidth of the carrier. The period of measurement shall be at least one subframe (1ms) unless otherwise stated.

Occupied bandwidth: The width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage β/2 of the total mean power of a given emission.
Output power: The mean power of one carrier of the UE, delivered to a load with resistance equal to the nominal load impedance of the transmitter.

Reference bandwidth: The bandwidth in which an emission level is specified.

Transmission bandwidth: Bandwidth of an instantaneous transmission from a UE or BS, measured in Resource Block units.

Transmission bandwidth configuration: The highest transmission bandwidth allowed for uplink or downlink in a given channel bandwidth, measured in Resource Block units.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

BWChannel
Channel bandwidth

BWChannel_CA 
Aggregated channel bandwidth, expressed in MHz.
BWGB
Virtual guard band to facilitate transmitter (receiver) filtering above / below edge CCs.

[image: image39.wmf]RS

E


Transmitted energy per RE for reference symbols during the useful part of the symbol, i.e. excluding the cyclic prefix, (average power normalized to the subcarrier spacing) at the eNode B transmit antenna connector 

[image: image40.wmf]s

E

ˆ


The received energy per RE of the wanted signal during the useful part of the symbol, i.e. excluding the cyclic prefix, averaged across the allocated RB(s) (average power within the allocated RB(s), divided by the number of RE within this allocation, and normalized to the subcarrier spacing) at the UE antenna connector 

F




Frequency

FInterferer (offset)
Frequency offset of the interferer 

FInterferer


Frequency of the interferer

FC
Frequency of the carrier centre frequency

FCA_low 
The centre frequency of the lowest carrier, expressed in MHz.

FCA_high 
The centre frequency of the highest carrier, expressed in MHz.

FDL_low
The lowest frequency of the downlink operating band

FDL_high
The highest frequency of the downlink operating band

FUL_low
The lowest frequency of the uplink operating band

FUL_high
The highest frequency of the uplink operating band 

Fedge_low 
The lower edge of aggregated channel bandwidth, expressed in MHz. 

Fedge_high 
The higher edge of aggregated channel bandwidth, expressed in MHz. 
Foffset 
Frequency offset from FC_high to the higher edge or FC_low to the lower edge.

[image: image41.wmf]o

I

 
The power spectral density of the total input signal (power averaged over the useful part of the symbols within the transmission bandwidth configuration, divided by the total number of RE for this configuration and normalised to the subcarrier spacing) at the UE antenna connector, including the own-cell downlink signal


[image: image42.wmf]or

I


The total transmitted power spectral density of the own-cell downlink signal (power averaged over the useful part of the symbols within the transmission bandwidth configuration, divided by the total number of RE for this configuration and normalised to the subcarrier spacing) at the eNode B transmit antenna connector 


[image: image43.wmf]or

I

ˆ

 
The total received power spectral density of the own-cell downlink signal (power averaged over the useful part of the symbols within the transmission bandwidth configuration, divided by the total number of RE for this configuration and normalised to the subcarrier spacing) at the UE antenna connector
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I


The received power spectral density of the total noise and interference for a certain RE (average power obtained within the RE and normalized to the subcarrier spacing) as measured at the UE antenna connector 

Ncp
Cyclic prefix length

NDL 
Downlink EARFCN
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N


The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing), simulating interference from cells that are not defined in a test procedure, as measured at the UE antenna connector NOffs-DL 
Offset used for calculating downlink EARFCN

NOffs-UL 
Offset used for calculating uplink EARFCN
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N


The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing) simulating eNode B transmitter impairments as measured at the eNode B transmit antenna connector
NRB
Transmission bandwidth configuration, expressed in units of resource blocks 

NRB_agg
Aggregated Transmission Bandwidth Configuration. The number of aggregated RBs transmitted/received within the Aggregated Channel Bandwidth simultaneously 

NUL 
Uplink EARFCN

Rav

Minimum average throughput per RB

PCMAX
The configured maximum UE output power.

PEMAX 
Maximum allowed UE output power signalled by higher layers. Same as IE P-Max, defined in [7].

PInterferer
Modulated mean power of the interferer

PPowerClass
PPowerClass is the nominal UE power (i.e., no tolerance).

PUMAX
The measured configured maximum UE output power.

ΔFOOB
Δ Frequency of Out Of Band emission.

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

ACLR
Adjacent Channel Leakage Ratio

ACS
Adjacent Channel Selectivity

A-MPR
Additional Maximum Power Reduction

AWGN
Additive White Gaussian Noise

BS
Base Station

CA
Carrier Aggregation

CA_X
CA for band X where X is the applicable E-UTRA operating band

CA_X-Y
CA for band X and Band Y where X and Y are the applicable E-UTRA operating band 

CC
Component Carriers 

CPE
Customer Premise Equipment

CPE_X
Customer Premise Equipment for E-UTRA operating band X

CW
Continuous Wave

DL
Downlink

eDL-MIMO
Down 
Link Multiple Antenna transmission 

EARFCN 
E-UTRA Absolute Radio Frequency Channel Number

EPRE
Energy Per Resource Element

E-UTRA 
Evolved UMTS Terrestrial Radio Access

EUTRAN
Evolved UMTS Terrestrial Radio Access Network

EVM
Error Vector Magnitude

FDD
Frequency Division Duplex

FRC
Fixed Reference Channel

HD-FDD
Half- Duplex FDD

MCS
Modulation and Coding Scheme

MOP
Maximum Output Power 
MPR
Maximum Power Reduction

MSD
Maximum Sensitivity Degradation

OCNG
OFDMA Channel Noise Generator

OFDMA
Orthogonal Frequency Division Multiple Access 

OOB
Out-of-band

PA
Power Amplifier

PSS
Primary Synchronization Signal

PSS_RA
PSS-to-RS EPRE ratio for the channel PSS

RE
Resource Element

REFSENS
Reference Sensitivity power level

r.m.s
Root Mean Square 

SNR
Signal-to-Noise Ratio

SSS
Secondary Synchronization Signal

SSS_RA
SSS-to-RS EPRE ratio for the channel SSS

TDD
Time Division Duplex

UE
User Equipment

UL
Uplink

UL-MIMO
Up Link Multiple Antenna transmission 

UMTS
Universal Mobile Telecommunications System

UTRA
UMTS Terrestrial Radio Access

UTRAN
UMTS Terrestrial Radio Access Network

xCH_RA
xCH-to-RS EPRE ratio for the channel xCH in all transmitted OFDM symbols not containing RS

xCH_RB
xCH-to-RS EPRE ratio for the channel xCH in all transmitted OFDM symbols containing RS

4
General

4.1
Relationship between minimum requirements and test requirements
The Minimum Requirements given in this specification make no allowance for measurement uncertainty. The test specification TS 36.521-1 Annex F defines Test Tolerances. These Test Tolerances are individually calculated for each test. The Test Tolerances are used to relax the Minimum Requirements in this specification to create Test Requirements.

The measurement results returned by the Test System are compared - without any modification - against the Test Requirements as defined by the shared risk principle.

The Shared Risk principle is defined in ITU-R M.1545 [3].

4.2
 Applicability of minimum requirements

In this specification the Minimum Requirements are specified as general requirements and additional requirements. Where the Requirement is specified as a general requirement, the requirement is mandated to be met in all scenarios 

For specific scenarios for which an additional requirement is specified, in addition to meeting the general requirement, the UE is mandated to meet the additional requirements.

The reference sensitivity power levels defined in subclause 7.3 are valid for the specified reference measurement channels. 

Note: Receiver sensitivity degradation may occur when:

1) the UE simultaneously transmits and receives with bandwidth allocations less than the transmission bandwidth configuration (see Figure 5.6-1), and 

2) any part of the downlink transmission bandwidth is within an uplink transmission bandwidth from the downlink center subcarrier.

4.3
Void

4.3A
Applicability of minimum requirements (CA, UL-MIMO, eDL-MIMO, CPE)

The requirements which are specific to CA, UL-MA, DL_MA and CPE are specified as suffix A, B, C, D where; 

a)
Suffix A  additional requirements need to support CA

b)
Suffix B  additional requirements need to support UL-MIMO

c)
Suffix C  additional requirements need to support CPE

d)
Suffix D  additional requirements need to support eDL-MIMO

A terminal which supports the above features needs to meet both the general requirements and the additional requirement applicable to the additional sub-clause (suffix A, B, C and D). Where there is a difference in requirement between the general requirements and the additional sub-clause requirements (suffix A, B, C and D), the tighter requirements are applicable unless stated otherwise in the additional sub-clause.

A terminal which support more than one feature (CA, UL-MIMO, eDL-MIMO and CPE) would need meet all of the separate corresponding requirements.
4.4
RF requirements in later releases

The standardisation of new frequency bands may be independent of a release. However, in order to implement a UE that conforms to a particular release but supports a band of operation that is specified in a later release, it is necessary to specify some extra requirements. TS 36.307 [8] specifies requirements on UEs supporting a frequency band that is independent of release.

NOTE:
For terminals conforming to the 3GPP release of the present document, some RF requirements in later releases may be mandatory independent of whether the UE supports the bands specified in later releases or not. The set of requirements from later releases that is also mandatory for UEs conforming to the 3GPP release of the present document is determined by regional regulation.

5
Operating bands and channel arrangement

5.1
General

The channel arrangements presented in this clause are based on the operating bands and channel bandwidths defined in the present release of specifications.

NOTE:
Other operating bands and channel bandwidths may be considered in future releases.
5.2
Void

5.3
Void

5.4
Void

5.5
Operating bands

E-UTRA is designed to operate in the operating bands defined in Table 5.5-1.

Table 5.5-1 E-UTRA operating bands

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	2
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	FDD

	61
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	FDD

	11
	1427.9 MHz 
	–
	1447.9 MHz 
	1475.9 MHz  
	–
	1495.9 MHz 
	FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	15
	Reserved
	
	
	Reserved
	
	
	FDD

	16
	Reserved
	
	
	Reserved
	
	
	FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD

	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	...
	
	
	
	
	
	
	

	24
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	FDD

	...
	
	
	
	
	
	
	

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	TDD

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	TDD

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	TDD

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	TDD

	39
	1880 MHz 
	–
	1920 MHz
	1880 MHz 
	–
	1920 MHz
	TDD

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD

	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD

	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD

	Note 1: Band 6 is not applicable


5.5A
Operating bands for CA

E-UTRA carrier aggregation is designed to operate in the operating bands defined in Tables 5.5A-1 and 5.5A-2.

Table 5.5A-1 Intra band CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz  
	–
	2170 MHz
	FDD

	CA_40
	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD


Table 5.5A-2 Inter band CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1-5
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	


5.5B
Operating bands for UL-MIMO

E-UTRA UL-MIMO in Rel-10 is designed to operate in the operating bands defined in Tables 5.5B-1.

Table 5.5B-1 UL-MIMO operating bands

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive/ UE transmit
	Downlink (DL) operating band
BS transmit / UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz
	–
	2170 MHz
	FDD

	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD


5.6
Channel bandwidth

Requirements in present document are specified for the channel bandwidths listed in Table 5.6-1.

Table 5.6-1 Transmission bandwidth configuration NRB in E-UTRA channel bandwidths

	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100


Figure 5.6-1 shows the relation between the Channel bandwidth (BWChannel) and the Transmission bandwidth configuration (NRB). The channel edges are defined as the lowest and highest frequencies of the carrier separated by the channel bandwidth, i.e. at FC +/- BWChannel /2.
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Figure 5.6-1 Definition of Channel Bandwidth and Transmission Bandwidth Configuration for one E‑UTRA carrier
5.6.1
Channel bandwidths per operating band

a)
The requirements in this specification apply to the combination of channel bandwidths and operating bands shown in Table 5.6.1-1. The transmission bandwidth configuration in Table 5.6.1-1 shall be supported for each of the specified channel bandwidths. The same (symmetrical) channel bandwidth is specified for both the TX and RX path.

Table 5.6.1-1: E-UTRA channel bandwidth

	E-UTRA band / channel bandwidth

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	
	
	Yes
	 Yes
	 Yes
	 Yes

	2
	Yes
	Yes
	Yes
	Yes
	Yes[1]
	Yes[1]

	3
	Yes
	Yes
	Yes
	Yes
	Yes[1]
	Yes[1]

	4
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	5
	Yes
	Yes
	Yes
	Yes[1]
	
	

	6
	
	
	Yes
	Yes[1]
	
	

	7
	
	
	Yes
	Yes
	Yes
	Yes[1]

	8
	Yes
	Yes
	Yes
	Yes[1]
	
	

	9
	
	
	Yes
	Yes
	Yes[1]
	Yes[1]

	10
	
	
	Yes
	Yes
	Yes
	Yes

	11
	
	
	Yes
	Yes[1]
	
	

	12
	Yes
	Yes
	Yes[1]
	Yes[1]
	
	

	13
	
	
	Yes[1]
	Yes[1]
	
	

	14
	
	
	Yes[1]
	Yes[1]
	
	

	...
	
	
	
	
	
	

	17
	
	
	Yes[1]
	Yes[1]
	
	

	18
	
	
	Yes
	Yes[1]
	Yes[1]
	

	19
	
	
	Yes
	Yes[1]
	Yes[1]
	

	20
	
	
	Yes
	Yes[1]
	Yes[1]
	Yes[1]

	21
	
	
	Yes
	Yes[1]
	Yes[1]
	

	...
	
	
	
	
	
	

	24
	
	
	Yes
	Yes
	
	

	...
	
	
	
	
	
	

	33
	
	
	Yes 
	Yes
	Yes
	Yes

	34
	
	
	Yes
	Yes
	Yes
	

	35
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	36
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	37
	
	
	Yes
	Yes
	Yes
	Yes

	38
	
	
	Yes
	Yes
	Yes
	Yes

	39
	
	
	Yes
	Yes
	Yes
	Yes

	40
	
	
	Yes
	Yes
	Yes
	Yes

	41
	
	
	Yes
	Yes
	Yes
	Yes

	42
	
	
	Yes
	Yes
	Yes
	Yes

	43
	
	
	Yes
	Yes
	Yes
	Yes

	NOTE 1:
bandwidth for which a relaxation of the specified UE receiver sensitivity requirement (Clause 7.3) is allowed.


b)
The use of different (asymmetrical) channel bandwidth for the TX and RX is not precluded and is intended to form part of a later release.
5.6A
Channel bandwidth for CA

For contiguously aggregated component carriers Aggregated Channel Bandwidth, Aggregated Transmission Bandwidth Configuration and Guard Bands are defined as follows, see Figure 5.6A-1.
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Figure 5.6A-1. Definition of Aggregated Channel Bandwidth and Aggregated Channel Bandwidth Edges

The aggregated channel bandwidth, BWChannel_CA, is defined as


BWChannel_CA = Fedge,high - Fedge,low  [MHz].
The lower bandwidth edge Fedge,low  and the upper bandwidth edge Fedge,high of the aggregated channel bandwidth are used as frequency reference points for transmitter and receiver requirements and are defined by


Fedge,low = FC,low - Foffset,low


Fedge,high = FC,high + Foffset,high

The lower and upper frequency offsets depend on the transmission bandwidth configurations of the lowest and highest assigned edge component carrier and are defined as 


Foffset,low = 0.18NRB,low /2 + BWGB [MHz]


Foffset,high = 0.18NRB,high/2 + BWGB [MHz]

where NRB,low and NRB,high are the transmission bandwidth configurations according to Table 5.6-1 for the lowest and highest assigned component carrier, respectively. BWGB denotes the Nominal Guard Band and is defined in Table 5.6A-1, and the factor 0.18 is the PRB bandwidth in MHz.

Aggregated Transmission Bandwidth Configuration is the maximum number of resource block that can be allocated within the aggregated bandwidth and is defined per CA Bandwidth Class (Table 5.6A-1).

Table 5.6A-1: CA bandwidth classes and corresponding nominal guard bands

	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Maximum number of CC
	Nominal Guard Band BWGB

	A
	NRB,agg ≤ 100
	1
	0.05BWChannel(1)

	B
	NRB,agg ≤ 100
	2
	FFS

	C
	100 < NRB,agg ≤ 200
	2
	0.05 max(BWChannel(1),BWChannel(2))

	D
	200 < NRB,agg ≤ [300]
	FFS
	FFS

	E
	[300] < NRB,agg ≤ [400]
	FFS
	FFS

	F
	[400] < NRB,agg ≤ [500]
	FFS
	FFS

	Note 1:
BWChannel(1) and BWChannel(2) are channel bandwidths of two E-UTRA component carriers according to Table 5.6-1.


The channel spacing between centre frequencies of contiguously aggregated component carriers is defined in clause 5.7A.1.
5.6A.1
Channel bandwidths per operating band for CA

The requirements in this specification apply to the combination of CA bandwidth class and CA operating bands shown in Table 5.6A.1-1. 

Indexing letter in CA operating band acronym refers to supported CA bandwidth class. In case no CA bandwidth class is labelled acronym refers to all specified combinations of CA bandwidth class and CA operating band.

DL component carrier combinations for a given CA operating band shall be symmetrical in relation to channel centre unless stated otherwise in table 5.6A.1-1 or 5.6A.1-2.

Table 5.6A.1-1: Supported E-UTRA bandwiths per CA operating band for intra-band contiguous CA

	CA operating band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_1C
	1
	
	
	
	
	Yes
	Yes

	CA_40C1
	40
	
	
	
	Yes
	Yes
	Yes

	Note 1:
Combinations of component carriers with unequal channel bandwidth should be considered. The maximum number of CCs for combination is two.


Table 5.6A.1-2: Supported E-UTRA bandwiths per CA operating band for inter-band CA

	CA operating / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_1A-5A
	1
	
	
	FFS
	Yes
	FFS
	FFS

	
	5
	
	
	FFS
	Yes
	
	


5.7
Channel arrangement

5.7.1
Channel spacing

The spacing between carriers will depend on the deployment scenario, the size of the frequency block available and the channel bandwidths. The nominal channel spacing between two adjacent E-UTRA carriers is defined as following:


Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2 

where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective E-UTRA carriers. The channel spacing can be adjusted to optimize performance in a particular deployment scenario.

5.7.1A
Channel spacing for intra-band contiguous CA

For CA Bandwidth Class C, the nominal channel spacing between two adjacent E-UTRA component carriers is defined as the following:
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where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective E-UTRA component carriers according to Table 5.6-1 with values in MHz. The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of 300 kHz less than the nominal channel spacing to optimize performance in a particular deployment scenario.

5.7.2
Channel raster

The channel raster is 100 kHz for all bands, which means that the carrier centre frequency must be an integer multiple of 100 kHz.

5.7.2A
Channel raster for CA

For LTE-A same channel raster as in E-UTRA Rel-9 is applied. Hence the channel raster is 100 kHz for all bands, which means that the carrier centre frequency must be an integer multiple of 100 kHz.

5.7.3
Carrier frequency and EARFCN 

The carrier frequency in the uplink and downlink is designated by the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) in the range 0 - 65535. The relation between EARFCN and the carrier frequency in MHz for the downlink is given by the following equation, where FDL_low and NOffs-DL are given in table 5.7.3-1 and NDL is the downlink EARFCN.


FDL = FDL_low + 0.1(NDL – NOffs-DL)

The relation between EARFCN and the carrier frequency in MHz for the uplink is given by the following equation where FUL_low and NOffs-UL are given in table 5.7.3-1 and NUL is the uplink EARFCN.


FUL = FUL_low + 0.1(NUL – NOffs-UL)

	Table 5.7.3-1 E-UTRA channel numbers

E-UTRA Operating

Band
	Downlink
	Uplink

	
	FDL_low (MHz)
	NOffs-DL
	Range of NDL
	FUL_low (MHz)
	NOffs-UL
	Range of NUL

	1
	2110
	0
	0 – 599
	1920
	18000
	18000 – 18599

	2
	1930
	600
	6001199
	1850
	18600
	18600 – 19199

	3
	1805
	1200
	1200 – 1949
	1710
	19200
	19200 – 19949

	4
	2110
	1950
	1950 – 2399
	1710
	19950
	19950 – 20399

	5
	869
	2400
	2400 – 2649
	824
	20400
	20400 – 20649

	6
	875
	2650
	2650 – 2749
	830
	20650
	20650 – 20749

	7
	2620
	2750
	2750 – 3449
	2500
	20750
	20750 – 21449

	8
	925
	3450
	3450 – 3799
	880
	21450
	21450 – 21799

	9
	1844.9
	3800
	3800 – 4149
	1749.9
	21800
	21800 – 22149

	10
	2110
	4150
	4150 – 4749
	1710
	22150
	22150 – 22749

	11
	1475.9
	4750
	4750 – 4949
	1427.9
	22750
	22750 – 22949

	12
	729
	5010
	5010 - 5179
	699
	23010
	23010 - 23179

	13
	746
	5180
	5180 – 5279
	777
	23180
	23180 – 23279

	14
	758
	5280
	5280 – 5379
	788
	23280
	23280 – 23379

	…
	
	
	
	
	
	

	17
	734
	5730
	5730 – 5849
	704
	23730
	23730 - 23849

	18
	860
	5850
	5850 – 5999
	815
	23850
	23850 – 23999

	19
	875
	6000
	6000 – 6149
	830
	24000
	24000 – 24149

	20
	791
	6150
	6150 – 6449
	832
	24150
	24150 – 24449

	21
	1495.9
	6450
	6450 – 6599
	1447.9
	24450
	24450 – 24599

	…
	
	
	
	
	
	

	24
	1525
	7700
	7700 - 8039
	1626.5
	25700
	25700 – 26039

	…
	
	
	
	
	
	

	33
	1900
	36000
	36000 – 36199 
	1900
	36000
	36000 – 36199

	34
	2010
	36200
	36200 – 36349
	2010
	36200
	36200 – 36349 

	35
	1850
	36350
	36350 – 36949
	1850
	36350
	36350 – 36949

	36
	1930
	36950
	36950 – 37549
	1930
	36950
	36950 – 37549

	37
	1910
	37550
	37550 – 37749
	1910
	37550
	37550 – 37749

	38
	2570
	37750
	37750 – 38249
	2570
	37750
	37750 – 38249

	39
	1880
	38250
	38250 – 38649
	1880
	38250
	38250 – 38649

	40
	2300
	38650
	38650 – 39649
	2300
	38650
	38650 – 39649

	41
	2496
	39650
	39650 –41589
	2496
	39650
	39650 –41589

	42
	3400
	41590
	41590 – 43589
	3400
	41590
	41590 – 43589

	43
	3600
	43590
	43590 – 45589
	3600
	43590
	43590 – 45589

	NOTE: 
The channel numbers that designate carrier frequencies so close to the operating band edges that the carrier extends beyond the operating band edge shall not be used. This implies that the first 7, 15, 25, 50, 75 and 100 channel numbers at the lower operating band edge and the last 6, 14, 24, 49, 74 and 99 channel numbers at the upper operating band edge shall not be used for channel bandwidths of 1.4, 3, 5, 10, 15 and 20 MHz respectively.


5.7.4
TX–RX frequency separation

a) The default E-UTRA TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separation is specified in Table 5.7.4-1 for the TX and RX channel bandwidths defined in Table 5.6.1-1

Table 5.7.4-1: Default UE TX-RX frequency separation

	E-UTRA Operating Band
	TX - RX 
carrier centre frequency
separation

	1
	190 MHz

	2
	80 MHz.

	3
	95 MHz.

	4
	400 MHz

	5
	45 MHz

	6
	45 MHz

	7
	120 MHz

	8
	45 MHz

	9
	95 MHz

	10
	400 MHz

	11
	48 MHz

	12
	30 MHz

	13
	-31 MHz

	14
	-30 MHz

	17
	30 MHz

	18
	45 MHz

	19
	45 MHz

	20
	-41 MHz

	21
	48 MHz

	…
	

	24
	-101.5 MHz


b) 
The use of other TX channel to RX channel carrier centre frequency separation is not precluded and is intended to form part of a later release.

5.7.4A
TX–RX frequency separation for CA

The minimum and maximum CC TX channel (carrier centre frequency) to RX CC channel (carrier centre frequency) separation is specified in Table 5.7.4A-1 for the TX and RX channel bandwidths defined in Table 5.6.1-1

Table 5.7.4A-1: CA UE TX-RX frequency separation (All CA band classes)

	E-UTRA CA Band
	E-UTRA 

Band
	TX - RX CC centre frequency separation

	
	
	Min 
	Max

	CA_x
	x
	tbd MHz
	tbd MHz


6
Transmitter characteristics

6.1
General

Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single transmit antenna. For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed.
6.2
Transmit power

6.2.1
Void

6.2.2
UE Maximum Output Power

The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth. The period of measurement shall be at least one sub frame (1ms).

Table 6.2.2-1: UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	1
	
	
	
	
	23
	±2
	
	

	2
	
	
	
	
	23
	±22
	
	

	3
	
	
	
	
	23
	±22
	
	

	4
	
	
	
	
	23
	±2
	
	

	5
	
	
	
	
	23
	±2
	
	

	6
	
	
	
	
	23
	±2
	
	

	7
	
	
	
	
	23
	±22
	
	

	8
	
	
	
	
	23
	±22
	
	

	9
	
	
	
	
	23
	±2
	
	

	10
	
	
	
	
	23
	±2
	
	

	11
	
	
	
	
	23
	±2
	
	

	12
	
	
	
	
	23
	±22
	
	

	13
	
	
	
	
	23
	±2
	
	

	14
	
	
	
	
	23
	±2
	
	

	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	23
	±2
	
	

	18
	
	
	
	
	23
	±2
	
	

	19
	
	
	
	
	23
	±2
	
	

	20
	
	
	
	
	23
	±22
	
	

	21
	
	
	
	
	23
	±2
	
	

	…
	
	
	
	
	
	
	
	

	24
	
	
	
	
	23
	±2
	
	

	…
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	±2
	
	

	34
	
	
	
	
	23
	±2
	
	

	35
	
	
	
	
	23
	±2
	
	

	36
	
	
	
	
	23
	±2
	
	

	37
	
	
	
	
	23
	±2
	
	

	38
	
	
	
	
	23
	±2
	
	

	39
	
	
	
	
	23
	±2
	
	

	40
	
	
	
	
	23
	±2
	
	

	41
	
	
	
	
	23
	±2
	
	

	42
	
	
	
	
	23
	±2
	
	

	43
	
	
	
	
	23
	±2
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS

Note 2:
For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

Note 3:
For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS.
Note 4:
PPowerClass is the maximum UE power specified without taking into account the tolerance


6.2.2A
UE Maximum Output Power for intra-band contiguous CA

The following UE Power Classes define the maximum output power for any transmission bandwidth within the aggregated channel bandwidth. 

The maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1ms).

For CA Bandwidth Class A, the requirements in Clause 6.2.2 apply. For CA Bandwidth Class C, the maximum output power is specified in Table 6.2.2A-1.
Table 6.2.2A-1: CA UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_1C
	
	
	
	
	23
	+2/-2
	
	

	CA_40C
	
	
	
	
	23
	+2/[-2]
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS

Note 2:
For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

Note 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

Note 4: 
For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


6.2.2B
UE Maximum Output Power with uplink MIMO

The following UE Power Classes define the maximum output power for uplink multiple-antenna transmission. The maximum output power is measured as the sum of the maximum output power at each UE antenna connector [with unbalanced antenna compensation set to zero]. The period of measurement shall be at least one sub frame (1ms).
The following requirements apply for UE(s) equipped with two antenna connectors supporting transmission on up to two antenna ports over one component carrier. For Transmission Mode 2 with DCI Format 4 configured, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2.2B-1. The lower tolerance limit is not applicable for single-layer transmission with codebook index 4 or 5 configured (Table 5.3.3A.2-1 in [TS 36.211v10.0.0]).
Table 6.2.2B-1: UE Power Class for multiple-antenna transmission with one UL CC

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	1
	
	
	
	
	23
	+2/-3
	
	

	3
	
	
	
	
	23
	+2/-32
	
	

	7
	
	
	
	
	23
	+2/-32
	
	

	40
	
	
	
	
	23
	+2/-3
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS

Note 2:
For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

Note 3:
For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS.
Note 4:
PPowerClass is the maximum UE power specified without taking into account the tolerance


For single-antenna transmission, that is, Transmission Mode 1 or Transmission Mode 2 with DCI Format 0 configured, the requirements in Clause 6.2.2 apply. 

6.2.3
UE Maximum Output power for modulation / channel bandwidth 

For UE Power Class 3, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2-1due to higher order modulation and transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3-1.
Table 6.2.3-1: Maximum Power Reduction (MPR) for Power Class 3

	Modulation
	Channel bandwidth / Transmission bandwidth (RB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5 apply.

6.2.3A
UE Maximum Output power for modulation / channel bandwidth for CA
For CA Bandwidth Class A (Table 5.6A-1), the requirements in Clause 6.2.3 apply.

For CA Bandwidth Class C the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2A-1due to higher order modulation and contiguously aggregated transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3A-1.
Table 6.2.3A-1: Maximum Power Reduction (MPR) for Power Class 3

	Modulation
	CA bandwidth Class C
	MPR (dB)

	
	50 RB / 100 RB
	75 RB / 75 RB
	100 RB / 100 RB
	

	QPSK
	> 12
	> 16
	> 18
	≤ 1

	QPSK
	> 50
	> 75
	> 100
	≤ 2

	16 QAM
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 12
	> 16
	> 18
	≤ 2

	16 QAM
	> 50
	> 75
	> 100
	≤ 3


For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5A apply.

6.2.4
UE Maximum Output Power with additional requirements 

Additional ACLR and spectrum emission requirements can be signalled by the network to indicate that the UE shall also meet additional requirements in a specific deployment scenario. To meet these additional requirements, Additional Maximum Power Reduction A-MPR is allowed for the output power as specified in Table 6.2.2-1. Unless stated otherwise, an A-MPR of 0 dB shall be used. 

For UE Power Class 3 the specific requirements and identified sub-clauses are specified in Table 6.2.4-1 along with the allowed A-MPR values that may be used to meet these requirements. The allowed A-MPR values specified below in Table 6.2.4.-1 and 6.2.4-2 are in addition to the allowed MPR requirements specified in clause 6.2.3.

Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR)

	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_01
	6.6.2.1.1
	Table 5.5-1
	1.4, 3, 5, 10, 15, 20
	Table 5.6-1
	NA

	NS_03
	6.6.2.2.1
	2, 4,10, 35, 36
	3
	>5 
	≤ 1

	
	
	
	5
	>6
	≤ 1

	
	
	
	10
	>6
	≤ 1

	
	
	
	15
	>8
	≤ 1

	
	
	
	20
	>10
	≤ 1

	NS_04
	6.6.2.2.2
	41
	5
	>6
	≤ 1

	
	
	
	10, 15, 20
	See Table 6.2.4-4

	NS_05
	6.6.3.3.1
	1
	10,15,20
	≥ 50
	≤ 1

	NS_06
	6.6.2.2.3
	12, 13, 14, 17
	1.4, 3, 5, 10
	Table 5.6-1
	n/a

	NS_07
	6.6.2.2.3

6.6.3.3.2
	13
	10
	Table 6.2.4-2
	Table 6.2.4-2

	NS_08
	6.6.3.3.3
	19
	10, 15
	> 29
	≤ 1

	
	
	
	
	> 39
	≤ 2

	
	
	
	
	> 44
	≤ 3

	NS_09
	6.6.3.3.4
	21
	10, 15
	> 40
	≤ 1

	
	
	
	
	> 55
	≤ 2

	NS_10
	
	20
	15, 20
	Table 6.2.4-3
	Table 6.2.4-3

	
	
	
	
	
	

	..
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-

	


	Table 6.2.4-2: A-MPR for “NS_07”

 Parameters
	Region A
	Region B
	Region C

	RB_start1
	0 - 12
	13 – 18
	19 – 42
	43 – 49

	L_CRB2 [RBs]
	6-8
	1 to 5 and 9-50
	≥8
	≥18
	≤2

	 A-MPR [dB]
	≤ 8
	≤ 12
	≤ 12
	≤ 6
	≤ 3

	Note

1
RB_start indicates the lowest RB index of transmitted resource blocks

2

L_CRB is the length of a contiguous resource block allocation

3
For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

4
For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.


Table 6.2.4-3: A-MPR for “NS_10”

	Channel BW
	Parameters
	Region A

	15
	RB_start1
	0 – 10

	
	L_CRB [RBs]
	1 -20

	
	 A-MPR [dB]
	≤ 2

	20
	RB_start1
	0 – 15

	
	L_CRB [RBs]
	1 -20

	
	 A-MPR [dB]
	≤ 5

	Note

 

1
RB_start indicates the lowest RB index of transmitted resource blocks

2
L_CRB is the length of a contiguous resource block allocation

3
For intra-subframe frequency hopping which intersects Region A, notes 1 and 2 apply on a per slot basis
4
For intra-subframe frequency hopping which intersect Region A, the larger A-MPR value may be applied for both slots in the subframe


Table 6.2.4-4: A-MPR requirements for NS_04 with bandwidth >5MHz

	Channel BW
	Parameters
	Region A
	Region B
	Region C

	10
	RB_start1
	0 – 12
	13 – 36
	37 – 49

	
	RB_start1 + L_CRB2 [RBs]
	n/a3
	>37
	n/a3

	
	A-MPR [dB]
	≤3dB
	≤2dB
	≤3dB

	15
	RB_start1
	0 – 18
	19 – 55
	56 – 74

	
	RB_start1 + L_CRB2 [RBs]
	n/a3
	>56
	n/a3

	
	A-MPR [dB]
	≤3dB
	≤2dB
	≤3dB

	20
	RB_start1
	0 – 24
	25 – 74
	75 – 99

	
	RB_start1 + L_CRB2 [RBs]
	n/a3
	>75
	n/a3

	
	A-MPR [dB]
	≤3dB
	≤2dB
	≤3dB

	Note

1
RB_start indicates the lowest RB index of transmitted resource blocks

2
L_CRB is the length of a contiguous resource block allocation

3
Any RB allocation that starts in Region A or C is allowed the specified A-MPR
4
For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per slot basis
5
For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe


For the UE maximum output power modified by A-MPR, the power limits specified in subclause 6.2.5 apply.

6.2.5
Configured transmitted Power

The UE is allowed to set its configured maximum output power PCMAX. The configured maximum output power PCMAX is set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

Where

-
PCMAX_L = MIN { PEMAX – TC,  PPowerClass – MPR – A-MPR – TC}

-
PCMAX_H = MIN {PEMAX,  PPowerClass}

-
PEMAX is the value given to IE P-Max, defined in [7] 

-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1

-
MRP and A-MPR are specified in Section 6.2.3 and Section 6.2.4, respectively

-
TC = 1.5 dB when Note 2 in Table 6.2.2-1 applies

-
TC = 0 dB when Note 2 in Table 6.2.2-1 does not apply

The measured maximum output power PUMAX shall be within the following bounds:

PCMAX_L  –  T(PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H  +  T(PCMAX_H) 

Where T(PCMAX) is defined by the tolerance table below and applies to PCMAX_L and PCMAX_H separately
Table 6.2.5-1: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


6.3
Output power dynamics

6.3.1
(Void)

6.3.2
Minimum output power

The minimum controlled output power of the UE is defined as the broadband transmit power of the UE, i.e. the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks), when the power is set to a minimum value.

6.3.2.1
Minimum requirement

The minimum output power is defined as the mean power in one sub-frame (1ms). The minimum output power shall not exceed the values specified in Table 6.3.2.1-1. 
Table 6.3.2.1-1: Minimum output power
	
	Channel bandwidth / Minimum output power  / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Minimum output power
	-40 dBm

	Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.2A

UE Minimum output power for CA

For intra-band contiguous carrier aggregation, the minimum controlled output power of the UE is defined as the transmit power of the UE per component carrier, i.e., the power in the channel bandwidth of each component carrier for all transmit bandwidth configurations (resource blocks), when the power on both component carriers are set to a minimum value. 

6.3.2A.1
Minimum requirement for CA

The minimum output power is defined as the mean power in one sub-frame (1ms). The minimum output power shall not exceed the values specified in Table 6.3.2A.1-1. 
Table 6.3.2A.1-1: Minimum output power for intra-band contiguous CA UE
	
	Channel bandwidth / Minimum output power  / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Minimum output power
	-40 dBm

	Measurement bandwidth
	
	
	
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.2B

UE Minimum output power for UL-MIMO

For UE with multiple transmit antennas, the minimum controlled output power is defined as the broadband transmit power of UE at each transmit connector, i.e. the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks) at each transmit connector, when the power on that transmit connector is set to a minimum value.
6.3.2B.1
Minimum requirement

The minimum output power is defined as the mean power at each transmit connector in one sub-frame (1ms). The minimum output power at each transmit connector shall not exceed the values specified in Table 6.3.2B.1-1. 
Table 6.3.2B.1-1: Minimum output power for per antenna port
	
	Channel bandwidth / Minimum output power / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Minimum output power
	-40 dBm

	Measurement bandwidth
	
	
	
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.3
Transmit OFF power

Transmit OFF power is defined as the mean power when the transmitter is OFF. The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. During DTX and measurements gaps, the UE is not considered to be OFF.

6.3.3.1.
Minimum requirement

The transmit OFF power is defined as the mean power in a duration of at least one sub-frame (1ms) excluding any transient periods. The transmit OFF power shall not exceed the values specified in Table 6.3.3.1-1. 
Table 6.3.3.1-1: Transmit OFF power
	
	Channel bandwidth / Transmit OFF power  / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Transmit OFF power
	-50 dBm

	Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.3A

UE Transmit OFF power for CA

For intra-band contiguous carrier aggregation, transmit OFF power is defined as the mean power per component carrier when the transmitter is OFF on both component carriers. The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. During measurements gaps, the UE is not considered to be OFF.

6.3.3A.1
Minimum requirement for CA

The transmit OFF power is defined as the mean power in a duration of at least one sub-frame (1ms) excluding any transient periods. The transmit OFF power shall not exceed the values specified in Table 6.3.3A.1-1. 
Table 6.3.3A.1-1: Transmit OFF power for intra-band contiguous CA UE
	
	Channel bandwidth / Minimum output power / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Transmit OFF power
	-50 dBm

	Measurement bandwidth
	
	
	
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.3B

UE Transmit OFF power for UL-MIMO

For UE with multiple transmit antennas, transmit OFF power is defined as the mean power at each transmit connector when the transmitter is OFF on all transmit connectors. The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. During measurements gaps, the UE is not considered to be OFF.

6.3.3B.1
Minimum requirement

The transmit OFF power is defined as the mean power at each transmit connector in a duration of at least one sub-frame (1ms) excluding any transient periods. The transmit OFF power at each transmit connector shall not exceed the values specified in Table 6.3.3B.1-1. 
Table 6.3.3B.1-1: Transmit OFF power per antenna port
	
	Channel bandwidth / Minimum output power / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Transmit OFF power
	-50 dBm

	Measurement bandwidth
	
	
	
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.4
ON/OFF time mask 

6.3.4.1

General ON/OFF time mask 

The General ON/OFF time mask defines the observation period between Transmit OFF and ON power and between Transmit ON and OFF power. ON/OFF scenarios include; the beginning or end of DTX, measurement gap, contiguous, and non contiguous transmission 

The OFF power measurement period is defined in a duration of at least one sub-frame excluding any transient periods. The ON power is defined as the mean power over one sub-frame excluding any transient period. 
There are no additional requirements on UE transmit power beyond that which is required in clause 6.2.2 and clause 6.6.2.3
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Figure 6.3.4.1-1: General ON/OFF time mask 

6.3.4.2
PRACH and SRS time mask
6.3.4.2.1
PRACH time mask
The PRACH ON power is specified as the mean power over the PRACH measurement period excluding any transient periods as shown in Figure 6.3.4.2-1. The measurement period for different PRACH preamble format is specified in Table 6.3.4.2-1.
There are no additional requirements on UE transmit power beyond that which is required in clause 6.2.2 and clause 6.6.2.3

Table 6.3.4.2-1: PRACH ON power measurement period

	PRACH preamble format
	Measurement period (ms)

	0
	0.9031

	1
	1.4844

	2
	1.8031

	3
	2.2844

	4 
	0.1479
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Figure 6.3.4.2-1: PRACH ON/OFF time mask

6.3.4.2.2
SRS time mask
In the case a single SRS transmission, the ON power is defined as the mean power over the symbol duration excluding any transient period. Figure 6.3.4.2.2-1 

In the case a dual SRS transmission, the ON power is defined as the mean power for each symbol duration excluding any transient period. Figure 6.3.4.2.2-2 

There are no additional requirements on UE transmit power beyond that which is required in clause 6.2.2 and clause 6.6.2.3
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Figure 6.3.4.2.2-1: Single SRS time mask
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Figure 6.3.4.2.2-2: Dual SRS time mask for the case of UpPTS transmissions

6.3.4.3
Slot / Sub frame boundary time mask

The sub frame boundary time mask defines the observation period between the previous/subsequent sub–frame and the (reference) sub-frame. A transient period at a slot boundary within a sub-frame is only allowed in the case of Intra-sub frame frequency hopping. For the cases when the subframe contains SRS the time masks in subclause 6.3.4.4 apply.

There are no additional requirements on UE transmit power beyond that which is required in clause 6.2.2 and clause 6.6.2.3
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Figure 6.3.4.3-1: Transmission power template

6.3.4.4
PUCCH / PUSCH / SRS time mask

The PUCCH/PUSCH/SRS time mask defines the observation period between sounding reference symbol (SRS) and an adjacent PUSCH/PUCCH symbol and subsequent sub-frame. 

There are no additional requirements on UE transmit power beyond that which is required in clause 6.2.2 and clause 6.6.2.3
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Figure 6.3.4.4-1: PUCCH/PUSCH/SRS time mask when there is a transmission before SRS but not after
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Figure 6.3.4.4-2: PUCCH/PUSCH/SRS time mask when there is transmission before and after SRS
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Figure 6.3.4.4-3: PUCCH/PUSCH/SRS time mask when there is a transmission after SRS but not before
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Figure 6.3.4.4-4: SRS time mask when there is FDD SRS blanking
6.3.4A
Void

reserved for future use

6.3.4B
ON/OFF time mask for UL-MIMO

For UE with multiple transmit antennas, the ON/OFF time mask requirements in section 6.3.4 apply for each transmit antenna connector.
6.3.5
Power Control

6.3.5.1
Absolute Power Tolerance

Absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger than 20ms. This tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in clause 9.1 of TS 36.133) 

In the case of a PRACH transmission, the absolute tolerance is specified for the first preamble. The absolute power tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in clause 9.1 of TS 36.133).

6.3.5.1.1

Minimum requirements

The minimum requirement for absolute power tolerance is given in Table 6.3.5.1.1-1 over the power range bounded by the Maximum output power as defined in sub-clause 6.2.2 and the Minimum output power as defined in sub-clause 6.3.2.

For operating bands under Note 2 in Table 6.2.2-1, the absolute power tolerance as specified in Table 6.3.5.1.1-1 is relaxed by reducing the lower limit by 1.5 dB when the transmission bandwidth is confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high.

Table 6.3.5.1.1-1: Absolute power tolerance

	Conditions
	Tolerance

	Normal 
	± 9.0 dB

	Extreme 
	± 12.0 dB


6.3.5.2
Relative Power tolerance

The relative power tolerance is the ability of the UE transmitter to set its output power in a target sub-frame relatively to the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-frames is ≤ 20 ms.

For PRACH transmission, the relative tolerance is the ability of the UE transmitter to set its output power relatively to the power of the most recently transmitted preamble. The measurement period for the PRACH preamble is specified in Table 6.3.4.2-1. 
6.3.5.2.1
Minimum requirements

The requirements specified in Table 6.3.5.2.1-1 apply when the power of the target and reference sub-frames are within the power range bounded by the Minimum output power as defined in subclause 6.3.2 and the measured PUMAX as defined in subclause 6.2.5 (i.e, the actual power as would be measured assuming no measurement error). This power shall be within the power limits specified in subclause 6.2.5. 

To account for RF Power amplifier mode changes 2 exceptions are allowed for each of two test patterns. The test patterns are a monotonically increasing power sweep and a monotonically decreasing power sweep over a range bounded by the requirements of minimum power and maximum power specified in clauses 6.3.2 and 6.2.2. For these exceptions the power tolerance limit is a maximum of ±6.0 dB in Table 6.3.5.2.1-1
Table 6.3.5.2.1-1 Relative Power Tolerance for Transmission (normal conditions)

	Power step P (Up or down) 

 [dB]
	All combinations of PUSCH and PUCCH transitions [dB]
	All combinations of PUSCH/PUCCH and SRS transitions between sub-frames [dB]
	PRACH [dB]

	ΔP < 2
	±2.5 (Note 3)
	±3.0
	±2.5

	2 ≤ ΔP < 3
	±3.0
	±4.0
	±3.0

	3 ≤ ΔP < 4
	±3.5
	±5.0
	±3.5

	4 ≤ ΔP ≤ 10
	±4.0
	±6.0
	±4.0

	10 ≤ ΔP < 15
	±5.0
	±8.0
	±5.0

	15 ≤ ΔP
	±6.0
	±9.0
	±6.0

	Note 1:
For extreme conditions an additional ± 2.0 dB relaxation is allowed

Note 2:
For operating bands under Note 2 in Table 6.2.2-1, the relative power tolerance is relaxed by reducing the lower limit by 1.5 dB if the transmission bandwidth of either the reference or target sub-frames is confined within FUL_low  and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high. 

Note 3:
For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, DwPTS fields or Guard Periods for TDD: for a power step ΔP ≤ 1 dB, the relative power tolerance for transmission is ±1.0 dB.


The power step (ΔP) is defined as the difference in the calculated setting of the UE Transmit power between the target and reference sub-frames with the power setting according to Clause 5.1 of [TS 36.213]. The error is the difference between ΔP and the power change measured at the UE antenna port with the power of the cell-specific reference signals kept constant. The error shall be less than the relative power tolerance specified in Table 6.3.5.2.1-1.

For sub-frames not containing an SRS symbol, the power change is defined as the relative power difference between the mean power of the original reference sub-frame and the mean power of the target subframe not including transient durations. The mean power of successive sub-frames shall be calculated according to Figure 6.3.4.3-1 and Figure 6.3.4.1-1 if there is a transmission gap between the reference and target sub-frames.

If at least one of the sub-frames contains an SRS symbol, the power change is defined as the relative power difference between the mean power of the last transmission within the reference sub-frame and the mean power of the first transmission within the target sub-frame not including transient durations. A transmission is defined as PUSCH, PUCCH or an SRS symbol. The mean power of the reference and target sub-frames shall be calculated according to Figures 6.3.4.1-1, 6.3.4.2-1, 6.3.4.4-1, 6.3.4.4-2 and 6.3.4.4-3 for these cases.

6.3.5.3
Aggregate power control tolerance

Aggregate power control tolerance is the ability of a UE to maintain its power in non-contiguous transmission within 21 ms in response to 0 dB TPC commands with respect to the first UE transmission, when the power control parameters specified in TS 36.213 are constant. 

6.3.5.3.1
Minimum requirement

The UE shall meet the requirements specified in Table 6.3.5.3.1-1 foraggregate power control over the power range bounded by the minimum output power as defined in subclause 6.3.2 and the maximum output power as defined in subclause 6.2.2. 
Table 6.3.5.3.1-1: Aggregate Power Control Tolerance

	TPC command
	UL channel
	Aggregate power tolerance within 21 ms

	0 dB
	PUCCH
	±2.5 dB

	0 dB
	PUSCH
	±3.5 dB

	Note: 

1. The UE transmission gap is 4 ms. TPC command is transmitted via PDCCH 4 subframes preceding each PUCCH/PUSCH transmission.


6.4
Void

6.5

Transmit signal quality

6.5.1
Frequency error

The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the E-UTRA Node B 
6.5.1A 
Frequency error for Intraband CA
The UE modulated carrier frequencies per band shall be accurate to within ±0.1 PPM observed over a period of one timeslot compared to the carrier frequency of primary component carrier received from the E-UTRA in the corresponding band. 
6.5.1B
Frequency error for UL-MIMO

The UE modulated carrier frequency at each transmit antenna connector shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the E-UTRA Node B.
6.5.2
Transmit modulation quality

Transmit modulation quality defines the modulation quality for expected in-channel RF transmissions from the UE. The transmit modulation quality is specified in terms of:

-
Error Vector Magnitude (EVM) for the allocated resource blocks (RBs) 

-
EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process

-
Carrier leakage (caused by IQ offset)

-
In-band emissions for the non-allocated RB

All the parameters defined in clause 6.5.2 are defined using the measurement methodology specified in Annex F.

6.5.2.1

Error Vector Magnitude 

The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the IQ origin offset shall be removed from the measured waveform before calculating the EVM.

The measured waveform is further modified by selecting the absolute phase and absolute amplitude of the Tx chain. The EVM result is defined after the front-end IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. 

The basic EVM measurement interval in the time domain is one preamble sequence for the PRACH and is one slot for the PUCCH and PUSCH in the time domain.. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the EVM measurement interval is reduced by one symbol, accordingly. The PUSCH or PUCCH EVM measurement interval is also reduced when the mean power, modulation or allocation between slots is expected to change. In the case of PUSCH transmission, the measurement interval is reduced by a time interval equal to the sum of 5 μs and the applicable exclusion period defined in subclause 6.3.4, adjacent to the boundary where the power change is expected to occur. The PUSCH exclusion period is applied to the signal obtained after the front-end IDFT. In the case of PUCCH transmission with power change, the PUCCH EVM measurement interval is reduced by one symbol adjacent to the boundary where the power change is expected to occur.
6.5.2.1.1

Minimum requirement 

The RMS average of the basic EVM measurements for 10 sub-frames excluding any transient period for the average EVM case, and 60 sub-frames excluding any transient period for the reference signal EVM case, for the different modulations schemes shall not exceed the values specified in Table 6.5.2.1.1-1 for the parameters defined in Table 6.5.2.1.1-2. For EVM evaluation purposes, [all PRACH preamble formats 0-4 and] all PUCCH formats 1, 1a, 1b, 2, 2a and 2b are considered to have the same EVM requirement as QPSK modulated.

Table 6.5.2.1.1-1: Minimum requirements for Error Vector Magnitude

	Parameter
	Unit
	Average EVM Level
	Reference Signal EVM Level

	QPSK or BPSK
	%
	17.5
	[17.5]

	16QAM 
	%
	12.5
	[12.5]


Table 6.5.2.1.1-2: Parameters for Error Vector Magnitude

	Parameter
	Unit
	Level

	UE Output Power
	dBm
	( -40

	Operating conditions
	
	Normal conditions


6.5.2.2

Carrier leakage

Carrier leakage (The IQ origin offset) is an additive sinusoid waveform that has the same frequency as the modulated waveform carrier frequency. The measurement interval is one slot in the time domain.
6.5.2.2.1

Minimum requirements

The relative carrier leakage power is a power ratio of the additive sinusoid waveform and the modulated waveform. The relative carrier leakage power shall not exceed the values specified in Table 6.5.2.2.1-1.

Table 6.5.2.2.1-1: Minimum requirements for Relative Carrier Leakage Power
	
	Parameters
	Relative Limit (dBc)

	
	Output power >0 dBm
	-25

	
	-30 dBm ≤ Output power ≤0 dBm
	-20

	
	-40 dBm ( Output power < -30 dBm
	-10


6.5.2.3

In-band emissions

The in-band emission is defined as the average across 12 sub-carrier and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB. 

The basic in-band emissions measurement interval is defined over one slot in the time domain. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is reduced by one SC-FDMA symbol, accordingly.
6.5.2.3.1

Minimum requirements

The relative in-band emission shall not exceed the values specified in Table 6.5.2.3.1-1.

Table 6.5.2.3.1-1: Minimum requirements for in-band emissions

	Parameter Description
	Unit
	Limit (Note 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (Note 2)

	IQ Image
	dB
	-25
	Image frequencies (Notes 2, 3)

	Carrier leakage
	dBc
	-25
	Output power > 0 dBm
	Carrier frequency (Notes 4, 5)

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	
	
	
	

	Note 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in Note 10.

Note 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.

Note 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs.

Note 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
Note 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. 

Note 6:
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is the Transmission Bandwidth (see Figure 5.6-1). 

Note 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

Note 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

Note 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth. 

Note 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.


6.5.2.4

EVM equalizer spectrum flatness

The zero-forcing equalizer correction applied in the EVM measurement process (as described in Annex F) must meet a spectral flatness requirement for the EVM measurement to be valid. The EVM equalizer spectrum flatness is defined in terms of the maximum peak-to-peak ripple of the equalizer coefficients (dB) across the allocated uplink block. The basic measurement interval is the same as for EVM.

6.5.2.4.1
Minimum requirements

The peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink allocation shall not exceed the maximum ripple specified in Table 6.5.2.4.1-1 for normal conditions. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 5 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 7 dB (see Figure 6.5.2.4.1-1).

The EVM equalizer spectral flatness shall not exceed the values specified in Table 6.5.2.4.1-2 for extreme conditions. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 6 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 10 dB (see Figure 6.5.2.4.1-1).
Table 6.5.2.4.1-1: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)

	Frequency Range
	Maximum Ripple [dB]

	FUL_Meas – FUL_Low ≥ 3 MHz and FUL_High – FUL_Meas ≥ 3 MHz 

(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < 3 MHz or FUL_High – FUL_Meas < 3 MHz 

(Range 2)
	8 (p-p)

	Note 1:
FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

Note 2:
FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1


Table 6.5.2.4.1-2: Minimum requirements for EVM equalizer spectrum flatness (extreme conditions)

	Frequency Range
	Maximum Ripple [dB]

	FUL_Meas – FUL_Low ≥ 5 MHz and FUL_High – FUL_Meas ≥ 5 MHz 

(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < 5 MHz or FUL_High – FUL_Meas < 5 MHz 

(Range 2)
	12 (p-p)

	Note 1:
FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

Note 2:
FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1



[image: image69]
Figure 6.5.2.4.1-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation of the coefficients indicated (the ETC minimum requirement within brackets).
6.5.2A
Void

reserved for future use
6.5.2B
Transmit modulation quality for UL-MIMO

For UE with multiple transmit antennas, the transmit modulation quality requirements in section 6.5.2 apply to each transmit antenna connector.
6.6
Output RF spectrum emissions

The output UE transmitter spectrum consists of the three components; the emission within the occupied bandwidth (channel bandwidth), the Out Of Band (OOB) emissions and the far out spurious emission domain.
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Figure 6.6-1: Transmitter RF spectrum

6.6.1
Occupied bandwidth

Occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel. The occupied bandwidth for all transmission bandwidth configurations (Resources Blocks) shall be less than the channel bandwidth specified in Table 6.6.1-1

Table 6.6.1-1: Occupied channel bandwidth

	
	Occupied channel bandwidth / channel bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Channel bandwidth (MHz)
	1.4
	3
	5
	10
	15
	20


6.6.1A
Occupied bandwidth for CA
In the case carriers are contiguously aggregated in the uplink, occupied bandwidth is a measure of the bandwidth containing 99 % of the total integrated power of the transmitted spectrum. The OBW for contiguously aggregated carriers shall be less than the aggregated channel bandwidth defined in section 5.6A.

6.6.2
Out of band emission

The Out of band emissions are unwanted emissions immediately outside the assigned channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission limit is specified in terms of a spectrum emission mask and an Adjacent Channel Leakage power Ratio.

6.6.2.1
Spectrum emission mask

The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ( edge of the assigned E-UTRA channel bandwidth. For frequencies greater than (ΔfOOB) as specified in Table 6.6.2.1.1-1 the spurious requirements in clause 6.6.3 are applicable.

6.6.2.1.1
Minimum requirement

The power of any UE emission shall not exceed the levels specified in Table 6.6.2.1.1-1 for the specified channel bandwidth.

Table 6.6.2.1.1-1: General E-UTRA spectrum emission mask 

	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18
	-20
	-21
	30 kHz 

	( 1-2.5
	-10
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.5-2.8
	-25
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.8-5
	
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 6-10
	
	
	-25
	-13
	-13 
	-13 
	1 MHz

	( 10-15
	
	
	
	-25
	-13 
	-13 
	1 MHz

	( 15-20
	
	
	
	
	-25 
	-13 
	1 MHz

	( 20-25
	
	
	
	
	
	-25 
	1 MHz


Note:
 As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
6.6.2.1A
Spectrum emission mask for contiguous intra-band CA

The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ( edge of the aggregated channel bandwidth (Table 5.6A-1). For frequencies ΔfOOB greater than FOOB as specified in Table 6.6.2.1.1-1 the spurious requirements in clause 6.6.3 are applicable. 

Table 6.6.2.1A-1: Boundary between E-UTRA ΔfOOB and spurious emission domain for intra-band carrier aggregation

	CA Bandwidth Class
	OOB boundary

FOOB

[MHz]

	A
	Table 6.6.3.1-1

	B
	FFS

	C
	BWChannel_CA + 5


6.6.2.1A.1
Minimum requirement for contiguous intra-band CA

For CA Bandwidth Class A, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.1.1-1 with the aggregated channel bandwidth replacing the channel bandwidth. For frequencies greater than (ΔfOOB) as specified in Table 6.6.2.1.1-1 the spurious requirements in clause 6.6.3 are applicable.
For CA Bandwidth Class C, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.1A-1 for the specified channel bandwidth. For frequencies greater than (ΔfOOB) as specified in Table 6.6.2.1A.1-2 the spurious requirements in clause 6.6.3 are applicable.
Table 6.6.2.1A-1: General E-UTRA CA spectrum emission mask for Bandwidth Class C

	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	29.9

MHz
	30

MHz
	39.8

MHz
	Measurement bandwidth

	( 0-1
	-22.5
	-22.5
	-24
	30 kHz

	( 1-5
	-10
	-10
	-10
	1 MHz

	( 5-29.9
	-13
	-13
	-13
	1 MHz

	( 29.9-30
	-25
	-13
	-13
	1 MHz

	( 30-34.9
	-25
	-25
	-13
	1 MHz

	( 34.9-35
	
	-25
	-13
	1 MHz

	( 35-39.8
	
	
	-13
	1 MHz

	( 39.8-44.8
	
	
	-25
	1 MHz


6.6.2.2
Additional Spectrum Emission Mask 

This requirement is specified in terms of an "additional spectrum emission" requirement.

6.6.2.2.1
Minimum requirement (network signalled value "NS_03")

Additional spectrum emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message.

When "NS_03" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.2.1-1.

Table 6.6.2.2.1-1: Additional requirements 

	
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18 
	-20
	-21 
	30 kHz 

	( 1-2.5
	-13
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 2.5-2.8
	-25
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 2.8-5
	
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 6-10
	
	
	-25
	-13
	-13
	-13
	1 MHz

	( 10-15
	
	
	
	-25
	-13
	-13
	1 MHz

	( 15-20
	
	
	
	
	-25
	-13
	1 MHz

	( 20-25
	
	
	
	
	
	-25
	1 MHz


Note:
As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

6.6.2.2.2
Minimum requirement (network signalled value "NS_04")

Additional spectrum emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message.

When "NS_04" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.2.2-1.

Table 6.6.2.2.2-1: Additional requirements 

	
	Spectrum emission limit (dBm)/ Channel bandwidth  

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18 
	-20 
	-21
	30 kHz 

	( 1-2.5
	-13
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 2.5-2.8
	-25
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 2.8-5.5
	
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 5.5-6
	
	-25
	-25
	-25
	-25
	-25
	1 MHz

	( 6-10
	
	
	-25
	-25
	-25
	-25
	1 MHz

	( 10-15
	
	
	
	-25
	-25
	-25
	1 MHz

	( 15-20
	
	
	
	
	-25
	-25
	1 MHz

	( 20-25
	
	
	
	
	
	-25
	1 MHz


Note:
As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

6.6.2.2.3
Minimum requirement (network signalled value "NS_06" or “NS_07”)

Additional spectrum emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message.

When "NS_06" or “NS_07” is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.2.3-1.

Table 6.6.2.2.3-1: Additional requirements 

	
	Spectrum emission limit (dBm)/ Channel bandwidth  

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	Measurement bandwidth

	( 0-0.1
	-13
	-13
	-15 
	-18 
	30 kHz 

	( 0.1-1
	-13
	-13
	-13
	-13
	100 kHz

	( 1-2.5
	-13
	-13
	-13
	-13
	1 MHz

	( 2.5-2.8
	-25
	-13
	-13
	-13
	1 MHz

	( 2.8-5
	
	-13
	-13
	-13
	1 MHz

	( 5-6
	
	-25
	-13
	-13
	1 MHz

	( 6-10
	
	
	-25
	-13
	1 MHz

	( 10-15
	
	
	
	-25
	1 MHz


Note:
As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

6.6.2.3
Adjacent Channel Leakage Ratio 

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. ACLR requirements are specified for two scenarios for an adjacent E -UTRA and /or UTRA channel as shown in Figure 6.6.2.3 -1.
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Figure 6.6.2.3-1: Adjacent Channel Leakage requirements

6.6.2.3.1
Minimum requirement E-UTRA 

E-UTRA Adjacent Channel Leakage power Ratio (E-UTRAACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency at nominal channel spacing. The assigned E-UTRA channel power and adjacent E-UTRA channel power are measured with rectangular filters with measurement bandwidths specified in Table 6.6.2.3.1-1. If the measured adjacent channel power is greater than –50dBm then the E-UTRAACLR shall be higher than the value specified in Table 6.6.2.3.1-1. 

Table 6.6.2.3.1-1: General requirements for E-UTRAACLR
	
	Channel bandwidth / E-UTRAACLR1   / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	E-UTRAACLR1
	30 dB
	30 dB
	30 dB
	30 dB
	30 dB
	30 dB

	E-UTRA channel Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz

	Adjacent channel centre frequency offset (in MHz)
	+1.4

/

-1.4
	+3.0

/

-3.0
	+5

/

-5
	+10

/

-10
	+15

/

-15
	+20

/

-20


6.6.2.3.1A
Minimum requirement E-UTRA for CA
E-UTRA Adjacent Channel Leakage power Ratio (E-UTRAACLR) is the ratio of the filtered mean power centred on the assigned aggregated channel frequency to the filtered mean power centred on an adjacent E-UTRA channel frequency at nominal channel spacing. The assigned aggregated E-UTRA channel power and adjacent E-UTRA channel power are measured with rectangular filters with measurement bandwidths specified in Table 6.6.2.3.1A-1. If the measured adjacent channel power is greater than –50dBm then the E-UTRAACLR shall be higher than the value specified in Table 6.6.2.3.1A-1. 

Table 6.6.2.3.1A-1: Requirement for E-UTRAACLR
	
	CA bandwidth class / E-UTRAACLR  / measurement bandwidth

	
	CA bandwidth class C

	E-UTRAACLR
	[30]

	CA E-UTRA channel Measurement bandwidth
	BWChannel_CA  - 2* BWGB

	E-UTRA channel Measurement bandwidth
	Measurement bandwidth relates to the closest component carrier and is defined in Table 6.6.2.3.1-1

	Adjacent channel centre frequency offset (in MHz)
	+ BWChannel_CA /2 + BWChannel(2) /2

/
- BWChannel_CA / 2 - BWChannel(1) /2

	Note 1:
BWChannel(1) and BWChannel(2) are the channel bandwidths of the lower and higher E-UTRA component carrier, respectively.


6.6.2.3.2
Minimum requirements UTRA 

UTRA Adjacent Channel Leakage power Ratio (UTRAACLR) is the ratio of the filtered mean power centred on the assigned E-UTRA channel frequency to the filtered mean power centred on an adjacent(s) UTRA channel frequency. 

UTRA Adjacent Channel Leakage power Ratio is specified for both the first UTRA adjacent channel (UTRAACLR1) and the 2nd UTRA adjacent channel (UTRAACLR2). The UTRA channel power is measured with a RRC bandwidth filter with roll-off factor =0.22. The assigned E-UTRA channel power is measured with a rectangular filter with measurement bandwidth specified in Table 6.6.2.3.2-1. If the measured UTRA channel power is greater than –50dBm then the UTRAACLR shall be higher than the value specified in Table 6.6.2.3.2-1.

Table 6.6.2.3.2-1: Requirements for UTRAACLR1/2
	
	Channel bandwidth / UTRAACLR1/2   / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	UTRAACLR1
	33 dB
	33 dB
	33 dB
	33 dB
	33 dB
	33 dB

	Adjacent channel centre frequency offset (in MHz)
	0.7+BWUTRA/2
/

-0.7-BWUTRA/2
	1.5+BWUTRA/2
/

-1.5-BWUTRA/2
	+2.5+BWUTRA/2
/

-2.5-BWUTRA/2
	+5+BWUTRA/2
/

-5-BWUTRA/2
	+7.5+BWUTRA/2
/

-7.5-BWUTRA/2
	+10+BWUTRA/2
/

-10-BWUTRA/2

	UTRAACLR2
	-
	-
	36 dB
	36 dB
	36 dB
	36 dB

	Adjacent channel centre frequency offset (in MHz)
	-
	-
	+2.5+3*BWUTRA/2
/

-2.5-3*BWUTRA/2
	+5+3*BWUTRA/2
/

-5-3*BWUTRA/2
	+7.5+3*BWUTRA/2
/

-7.5-3*BWUTRA/2
	+10+3*BWUTRA/2
/

-10-3*BWUTRA/2

	E-UTRA channel Measurement bandwidth
	1.08 MHz 
	2.7 MHz 
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz

	UTRA 5MHz channel Measurement bandwidth*
	3.84 MHz 
	3.84 MHz 
	3.84 MHz
	3.84 MHz
	3.84 MHz
	3.84 MHz

	UTRA 1.6MHz channel measurement bandwidth**
	1.28 MHz 
	1.28 MHz 
	1.28 MHz
	1.28MHz
	1.28MHz
	1.28MHz

	*   Note:
Applicable for E-UTRA FDD co-existence with UTRA FDD in paired spectrum.

**  Note:
Applicable for E-UTRA TDD co-existence with UTRA TDD in unpaired spectrum.


6.6.2.3.2A
Minimum requirement UTRA for CA
UTRA Adjacent Channel Leakage power Ratio (UTRAACLR) is the ratio of the filtered mean power centred on the assigned carrier aggregated E-UTRA channel frequency to the filtered mean power centred on an adjacent(s) UTRA channel frequency. 

UTRA Adjacent Channel Leakage power Ratio is specified for both the first UTRA adjacent channel (UTRAACLR1) and the 2nd UTRA adjacent channel (UTRAACLR2). The UTRA channel power is measured with a RRC bandwidth filter with roll-off factor =0.22. The assigned carrier aggregated E-UTRA channel power is measured with a rectangular filter with measurement bandwidth specified in Table 6.6.2.3.2A-1. If the measured UTRA channel power is greater than –50dBm then the UTRAACLR shall be higher than the value specified in Table 6.6.2.3.2A-1.

Table 6.6.2.3.2A-1: Requirements for UTRAACLR1/2
	
	CA bandwidth class / UTRAACLR1/2  / measurement bandwidth

	
	CA bandwidth class C

	UTRAACLR1
	33 dB

	Adjacent channel centre frequency offset (in MHz)
	+ BWChannel_CA /2 + BWUTRA/2
/

- BWChannel_CA / 2 - BWUTRA/2

	UTRAACLR2
	36 dB

	Adjacent channel centre frequency offset (in MHz)
	+ BWChannel_CA /2 + 3*BWUTRA/2
/

- BWChannel_CA /2 – 3*BWUTRA/2

	CA E-UTRA channel Measurement bandwidth
	BWChannel_CA  - 2* BWGB

	UTRA 5MHz channel Measurement bandwidth*
	3.84 MHz

	UTRA 1.6MHz channel measurement bandwidth**
	1.28 MHz

	*   Note:
Applicable for E-UTRA FDD co-existence with UTRA FDD in paired spectrum.

** Note:
Applicable for E-UTRA TDD co-existence with UTRA TDD in unpaired spectrum.


6.6.2.3.3A
Minimum requirement E-UTRA for CA
Carrier aggregated E-UTRA Adjacent Channel Leakage power Ratio (CA E-UTRAACLR) is the ratio of the filtered mean power centred on the assigned aggregated E-UTRA channel frequency to the filtered mean power centred on an adjacent aggregated E-UTRA channel frequency at nominal channel spacing. The assigned aggregated E-UTRA channel power and adjacent aggregated E-UTRA channel power are measured with rectangular filters with measurement bandwidths specified in Table 6.6.2.3.1A-1. If the measured adjacent channel power is greater than –50dBm then the E-UTRAACLR shall be higher than the value specified in Table 6.6.2.3.1A-1. 

Table 6.6.2.3.3A-1: General requirements for CA E-UTRAACLR
	
	CA bandwidth class / CA E-UTRAACLR  / measurement bandwidth

	
	CA bandwidth class C

	CA E-UTRAACLR
	[30]

	CA E-UTRA channel Measurement bandwidth
	BWChannel_CA  - 2* BWGB

	Adjacent channel centre frequency offset (in MHz)
	+ BWChannel_CA
/
- BWChannel_CA


6.6.2.4
Additional ACLR requirements 

This requirement is specified in terms of an additional UTRAACLR2 requirement.

6.6.2.4.1
Void

6.6.3
Spurious emissions

Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions. The spurious emission limits are specified in terms of general requirements inline with SM.329 [2] and E-UTRA operating band requirement to address UE co-existence. 

Unless otherwise stated, the spurious emission limits apply for the frequency ranges that are more than ΔfOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth. To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

6.6.3.1
Minimum requirements

Table 6.6.3.1-1: Boundary between E-UTRA ΔfOOB and spurious emission domain

	Channel bandwidth 
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	ΔfOOB (MHz)
	2.8
	6
	10
	15
	20
	25


The spurious emission limits in Table 6.6.3.1-2 apply for all transmitter band configurations (RB) and channel bandwidths. 

NOTE:
In order that the measurement of spurious emissions falls within the frequency ranges that are more than ΔfOOB (MHz) from the edge of the channel bandwidth, the minimum offset of the measurement frequency from each edge of the channel should be ΔfOOB + MBW/2. MBW denotes the measurement bandwidth defined in Table 6.6.3.1-2.

Table 6.6.3.1-2: Spurious emissions limits 

	Frequency Range
	Maximum Level
	Measurement Bandwidth

	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz


6.6.3.2
Spurious emission band UE co-existence

This clause specifies the requirements for the specified E-UTRA band, for coexistence with protected bands
NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth defined for the protected band.

Table 6.6.3.2-1: Requirements

	E-UTRA  Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Comment

	1
	E-UTRA Band 1, 3, 7, 8, 9, 11, 20, 21, 34, 38, 40, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA band 33
	FDL_low
	- 
	FDL_high
	-50
	1
	Note3

	
	E-UTRA band 39
	FDL_low
	- 
	FDL_high
	-50
	1
	Note3

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range 
	1884.5
	-
	1919.6
	-41
	0.3
	Note6,Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note 6, Note8

	2
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 24, 41, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	3
	E-UTRA Band 1, 3, 7, 8, 20, 33, 34, 38, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	4
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 24, 41, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	5
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 24, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	Note2

	6
	E-UTRA Band 1, 9, 11, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	875
	-37
	1
	

	
	Frequency range
	875
	-
	895
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	7
	E-UTRA Band 1, 3, 7, 8, 20, 33, 34, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 38
	FDL_low
	- 
	FDL_high
	-50
	1
	Note 3

	8
	E-UTRA Band 1, 8, 20, 33, 34, 38, 39, 40, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA band 3
	FDL_low
	- 
	FDL_high
	-50
	1
	Note 2

	
	E-UTRA band 7
	FDL_low
	-
	FDL_high
	-50
	1
	Note 2

	9
	E-UTRA Band 1, 9, 11, 21, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	10
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 24, 41, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	11
	E-UTRA Band 1, 9, 11, 21, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range
	1884.5
	
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	12
	E-UTRA Band 2, 5, 12, 13, 14, 17, 24, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 4, 10
	FDL_low
	-
	FDL_high
	-50
	1
	Note2

	13
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17,41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	769
	-
	775
	-35
	0.00625
	

	
	Frequency range
	799
	-
	805
	-35
	0.00625
	Note11

	
	E-UTRA Band 24
	FDL_low
	-
	FDL_high
	-50
	1
	Note2

	14

 
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 24, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	769
	-
	775
	-35
	0.00625
	

	
	Frequency range
	799
	-
	805
	-35
	0.00625
	Note11

	17
	E-UTRA Band 2, 5, 12, 13, 14, 17, 24, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 4, 10
	FDL_low
	-
	FDL_high
	-50
	1
	Note2

	18
	E-UTRA Band 1, 9, 11, 21, 34
	FDL_low
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	895
	-40
	1
	

	
	Frequency range
	1884.5
	-
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	19
	E-UTRA Band 1, 9, 11, 21, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	895
	-40
	1
	Note9

	
	Frequency range
	1884.5
	-
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	20
	E-UTRA Band 1, 3, 7, 8, 20, 33, 34, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 38
	FDL_low
	-
	FDL_high
	-50
	1
	Note 2

	21
	E-UTRA Band 11, 21
	FDL_low 
	- 
	FDL_high 
	-35
	1
	Note10

	
	E-UTRA Band 1, 9, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range
	1884.5
	
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	…
	
	
	
	
	
	
	

	24
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 24, 41
	FDL_low
	-
	FDL_high
	-50
	1
	

	…
	
	
	
	
	
	
	

	33
	E-UTRA Band 1, 3, 7, 8, 20, 34, 38, 39, 40, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	Note5

	34
	E-UTRA Band 1, 3, 7, 8, 9, 11, 20, 21, 33, 38,39, 40, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	Note5

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range 
	1884.5
	-
	1919.6
	-41
	0.3
	Note7

	
	
	1884.5
	-
	1915.7
	
	
	Note8

	35
	
	
	
	
	
	
	

	36
	
	
	
	
	
	
	

	37
	
	
	-
	
	
	
	

	38
	E-UTRA Band 1,3, 8, 20, 33, 34, 42, 43
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 7
	FDL_low 
	-
	FDL_high
	-50
	1
	Note3

	39
	E-UTRA Band 34, 40
	FDL_low 
	-
	FDL_high
	-50
	1
	

	40
	E-UTRA Band 1, 3, 33, 34, 39, 42, 43 
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	41
	E-UTRA Band 2, 4, 5, 10, 12, 13 , 14, 17, 24
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	42
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 33, 34, 38, 40


	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	Note3

	43
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 33, 34, 38, 40
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	Note3

	Note 1
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

Note 2
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd or 3rd harmonic spurious emissions. An exception is allowed if there is at least one individual RE within the transmission bandwidth (see Figure 5.6-1) for which the 2nd or 3rd harmonic, i.e. the frequency equal to two or three times the frequency of that RE, is within the measurement bandwidth (MBW).

Note 3
To meet these requirements some restriction will be needed for either the operating band or protected band

Note 4
N/A

Note 5
For non synchronised TDD operation to meet these requirements some restriction will be needed for either the operating band or protected band

Note 6
Applicable when NS_05 in section 6.6.3.3.1 is signalled by the network.
Note 7
Applicable when co-existence with PHS system operating in 1884.5
-1919.6MHz. 
Note 8
Applicable when co-existence with PHS system operating in 1884.5 -1915.7MHz.
Note 9
Applicable when NS_08 in section 6.6.3.3.3 is signalled by the network
Note 10
Applicable when NS_09 in section 6.6.3.3.4 is signalled by the network
Note 11
Whether the applicable frequency range should be 793-805MHz instead of 799-805MHz is TBD


6.6.3.3
Additional spurious emissions

These requirements are specified in terms of an additional spectrum emission requirement. Additional spurious emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message. 

6.6.3.3.1 
Minimum requirement (network signalled value "NS_05")

When "NS_05" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.1-1. This requirement also applies for the frequency ranges that are less than ΔfOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth. 

Table 6.6.3.3.1-1: Additional requirements (PHS)

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	1884.5 f 1919.6*1
	-41
	-41
	-41
	-41
	300 KHz

	1884.5 f 1915.7*2
	-41
	-41
	-41
	-41
	300 KHz

	Note

1. Applicable when the lower edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to the upper edge of PHS band (1919.6 MHz) + 4 MHz + the Channel BW assigned, where Channel BW is as defined in Subclause 5.6. Operations below this point are for further study.
2. Applicable when the lower edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to the upper edge of PHS band (1915.7 MHz) + 4 MHz + the Channel BW assigned, where Channel BW is as defined in Subclause 5.6. Operations below this point are for further study.


NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth (300 kHz).

6.6.3.3.2 
Minimum requirement (network signalled value “NS_07”)

When “NS_07” is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.2-1. 

Table 6.6.3.3.2-1: Additional requirements 

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	10 MHz


	

	769 ≤ f ≤ 775
	-57
	6.25 kHz


NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth (6.25 kHz).

6.6.3.3.3 
Minimum requirement (network signalled value “NS_08”)

When “NS 08” is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.3-1. This requirement also applies for the frequency ranges that are less than ΔfOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.

Table 6.6.3.3.3-1 Additional requirement

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	5MHz
	10MHz
	15MHz
	

	860 ≤ f ≤ 895
	-40
	-40
	-40
	1 MHz


NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth (1 MHz).

6.6.3.3.4 
Minimum requirement (network signalled value “NS_09”)

When “NS 09” is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.4-1. This requirement also applies for the frequency ranges that are less than ΔfOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.

Table 6.6.3.3.4-1 Additional requirement

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth

	
	5MHz
	10MHz
	15MHz
	

	1475.9 ≤ f ≤ 1510.9
	-35
	-35
	-35
	1 MHz


NOTE 1:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth (1 MHz).
NOTE 2:
To improve measurement accuracy, A-MPR values for NS_09 specified in Table 6.2.4-1 in sub-clause 6.2.4 are derived based on both the above NOTE 1 and 100 kHz RBW.
6.6A
Void

reserved for future use

6.6B
Output RF spectrum emissions for UL-MIMO
For UL MIMO, the requirements in sub-clause 6.6 apply per TBD.

Note: specification per antenna connector or per UE is TBD.

6.7
Transmit intermodulation

The transmit intermodulation performance is a measure of the capability of the transmitter to inhibit the generation of signals in its non linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter via the antenna.

6.7.1
Minimum requirement

User Equipment(s) transmitting in close vicinity of each other can produce intermodulation products, which can fall into the UE, or eNode B receive band as an unwanted interfering signal. The UE intermodulation attenuation is defined by the ratio of the mean power of the wanted signal to the mean power of the intermodulation product when an interfering CW signal is added at a level below the wanted signal at each of the transmitter antenna port with the other antenna port(s) if any is terminated. Both the wanted signal power and the intermodulation product power are measured through E-UTRA rectangular filter with measurement bandwidth shown in Table 6.7.1-1.
The requirement of transmitting intermodulation is prescribed in Table 6.7.1-1.

Table 6.7.1-1: Transmit Intermodulation
	BW Channel (UL)
	5MHz
	10MHz
	15MHz
	20MHz

	Interference Signal Frequency Offset
	5MHz
	10MHz
	10MHz
	20MHz
	15MHz
	30MHz
	20MHz
	40MHz

	Interference CW Signal Level
	-40dBc

	Intermodulation Product 
	-29dBc
	-35dBc
	-29dBc
	-35dBc
	-29dBc
	-35dBc
	-29dBc
	-35dBc

	Measurement bandwidth
	4.5MHz
	4.5MHz
	9.0MHz
	9.0MHz
	13.5MHz
	13.5MHz
	18MHz
	18MHz


7
Receiver characteristics

7.1
General

Unless otherwise stated the receiver characteristics are specified at the antenna connector(s) of the UE. For UE(s) with an integral antenna only, a reference antenna(s) with a gain of 0 dBi is assumed for each antenna port(s). UE with an integral antenna(s) may be taken into account by converting these power levels into field strength requirements, assuming a 0 dBi gain antenna. . For UEs with more than one receiver antenna connector, identical interfering signals shall be applied to each receiver antenna port if more than one of these is used (diversity). 

The levels of the test signal applied to each of the antenna connectors shall be as defined in the respective sections below. 
With the exception of Clause 7.3, the requirements shall be verified with the network signalling value NS_01 configured (Table 6.2.4-1). 
All the parameters in clause 7 are defined using the UL reference measurement channels specified in Annexes A.2.2 and A.2.3, the DL reference measurement channels specified in Annex A.3.2 and using the set-up specified in Annex C.3.1
7.2
Diversity characteristics

The requirements in Section 7 assume that the receiver is equipped with two Rx port as a baseline. These requirements apply to all UE categories unless stated otherwise. Requirements for 4 ports are FFS. With the exception of clause 7.9 all requirements shall be verified by using both (all) antenna ports simultaneously.

7.3
Reference sensitivity power level

The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.

7.3.1

Minimum requirements (QPSK) 

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1-2

Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	1
	-
	-
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	
	
	-100
	-97
	
	
	FDD

	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	
	
	-99
	-96
	-94.2
	-93
	FDD

	10
	
	
	-100
	-97
	-95.2
	-94
	FDD

	11
	
	
	-100
	-97
	
	
	FDD

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	-99.2
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18
	
	
	-100
	 -97
	-95.2 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD

	21
	
	
	-100
	 -97
	-95.2 
	
	FDD

	…
	
	
	
	
	
	
	

	24
	
	
	-100
	
	-97
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	34
	
	
	-100
	-97
	-95.2
	-94
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	
	
	-100
	-97
	-95.2
	-94
	TDD

	38
	
	
	-100
	-97
	-95.2
	-94
	TDD

	39
	
	
	-100
	-97
	-95.2
	-94
	TDD

	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	41
	
	
	-99
	-96
	-94.2
	-93
	TDD

	42
	
	
	[-100]
	[-97]
	[-95.2]
	[-94]
	TDD

	43
	
	
	[-100]
	[-97]
	[-95.2]
	[-94]
	TDD

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5
Note 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

Note 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.


The reference receive sensitivity (REFSENS) requirement specified in Table 7.3.1-1 shall be met for an uplink transmission bandwidth less than or equal to that specified in Table 7.3.1-2.

Note: Table 7.3.1-2 does not necessarily reflect the operational conditions of the network, where the number of uplink and downlink allocated resource blocks will be practically constrained by other factors. 

Table 7.3.1-2: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	1
	-
	-
	25 
	50 
	75 
	100 
	FDD

	2
	6 
	15 
	25 
	50 
	501
	501
	FDD

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	4
	6 
	15
	25 
	50 
	75 
	100 
	FDD

	5
	6 
	15 
	25 
	251
	
	
	FDD

	6
	
	
	25 
	251
	
	
	FDD

	7
	
	
	25 
	50 
	751
	751
	FDD

	8
	6 
	15
	25 
	251
	-
	-
	FDD

	9
	
	
	25 
	50 
	501
	501
	FDD

	10
	
	
	25 
	50 
	75 
	100 
	FDD

	11
	
	
	25
	251
	
	
	FDD

	12
	6
	15
	201
	201
	
	
	FDD

	13
	
	
	201
	201
	
	
	FDD

	14
	
	15
	151
	151
	
	
	FDD

	...
	
	
	
	
	
	
	

	17
	
	
	201
	201
	
	
	FDD

	18
	
	
	25 
	251
	251
	
	FDD

	19
	
	
	25 
	251
	251
	
	FDD

	20
	
	
	25 
	201
	203 
	203
	FDD

	21
	
	
	25
	251
	251
	
	FDD

	…
	
	
	
	
	
	
	

	24
	
	
	25
	50
	
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	25 
	50 
	75 
	100 
	TDD

	34
	
	
	25 
	50 
	75
	
	TDD

	35
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	36
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	37
	
	
	25 
	50 
	75 
	100 
	TDD

	38
	
	
	25 
	50 
	75
	100
	TDD

	39
	
	
	25 
	50 
	75 
	100 
	TDD

	40
	
	
	25
	50 
	75 
	100 
	TDD

	41
	
	
	25
	50 
	75 
	100 
	TDD

	42
	
	
	25
	50 
	75 
	100 
	TDD

	43
	
	
	25
	50 
	75 
	100 
	TDD

	Note 
1.
The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 
2.
For the UE which supports both Band 11 and Band 21 the uplink configuration for reference sensitivity is FFS.

3.
For Band 20; in the case of 15MHz channel bandwidth, the UL resource blocks shall be located at RBstart _11 and in the case of 20MHz channel bandwidth, the UL resource blocks shall be located at RBstart _16


Unless given by Table 7.3.1-3, the minimum requirements specified in Tables 7.3.1-1 and 7.3.1-2 shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured. 

Table 7.3.1-3: Network Signalling Value for reference sensitivity

	E-UTRA Band
	Network Signalling value

	2
	NS_03 

	4
	NS_03

	10
	NS_03

	12
	NS_06

	13
	NS_06

	14
	NS_06

	17
	NS_06

	19
	NS_08

	21
	NS_09


7.3.1A

Minimum requirements (QPSK) for CA

For CA bandwidth class A the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1-2

For CA bandwidth class C the throughput of each component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1A-1.

Table 7.3.1A-1 specifies the maximum number of allocated uplink resource blocks for which the intra-band CA reference receive sensitivity requirement must be met. The PCC allocation follows table 7.3.1-2. SCC and PCC transmission forms a contiguous allocation. 

PCC and SCC TX–RX frequency separations are as defined in Table 5.7.4-1.

Table 7.3.1A-1: Intra-band CA uplink configuration for reference sensitivity

	CA Band / Aggregated channel bandwidth / NRB / Duplex mode

	CA Band
	29.9 MHz
	30 MHz
	39.8 MHz
	Duplex Mode

	CA_1C
	n/a
	n/a
	PCC
	SCC
	PCC
	SCC
	FDD

	
	n/a
	n/a
	75
	TBD
	100
	TBD
	

	CA_40C
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	TDD

	
	TBD
	TBD
	75
	75
	100
	100
	


7.3.1B
Minimum requirements (QPSK) for uplink MIMO
For UE(s) equipped with two antenna connectors supporting transmission on up to two antenna ports, the minimum requirements in Clause 7.3.1 apply for operating bands listed in Table 5.5B-1 and shall be met with transmission mode 2, DCI Format 4 and dual-layer transmission with Codebook Index 0 in (Table 5.3.3A.2-1 in [36.211v10.0.0]) configured. For UL MIMO, the parameter PUMAX is the total transmitter power over the two antenna connectors.

7.3.2

Requirement for large transmission configurations 

For some combinations of bandwidths and operating bands, a certain relaxation of the UE performance is allowed when the transmission configuration is larger than that in Table 7.3.1-2. Table 7.3.2-1 specifies the allowed maximum sensitivity degradation (MSD) when the UL resource block allocation is the maximum supported transmission bandwidth configuration NRB (Table 5.6-1). Unless given by Table 7.3.1-3, the MSD shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured.
Table 7.3.2-1: Maximum Sensitivity Degradation

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dB)
	3 MHz

(dB)
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)
	Duplex Mode

	1
	
	
	n/a
	n/a
	n/a
	n/a
	FDD

	2
	n/a
	n/a
	n/a
	n/a
	TBD
	TBD
	FDD

	3
	n/a
	n/a
	n/a
	n/a
	TBD
	TBD
	FDD

	4
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	FDD

	5
	n/a
	n/a
	n/a
	TBD
	
	
	FDD

	6
	
	
	n/a
	TBD
	
	
	FDD

	7
	
	
	n/a
	n/a
	TBD
	TBD
	FDD

	8
	n/a
	n/a
	n/a
	TBD
	
	
	FDD

	9
	
	
	n/a
	n/a
	TBD
	TBD
	FDD

	10
	
	
	n/a
	n/a
	n/a
	n/a
	FDD

	11
	
	
	n/a
	TBD
	
	
	FDD

	12
	
	
	TBD
	TBD
	
	
	FDD

	13
	
	
	TBD
	TBD
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	17
	
	
	TBD
	TBD
	
	
	FDD

	18
	
	
	n/a
	TBD
	TBD
	
	FDD

	19
	
	
	n/a
	TBD
	TBD
	
	FDD

	20
	
	
	n/a
	TBD
	TBD
	TBD
	FDD

	21
	
	
	n/a
	TBD
	TBD
	
	FDD

	24
	
	
	n/a
	n/a
	
	
	

	Note:


1.
The transmitter shall be set to PUMAX as defined in clause 6.2.5 with the maximum transmission configuration (Table 5.5-1) allocated 




7.4
Maximum input level

This is defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel.

7.4.1
Minimum requirements

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.4.1. 

Table 7.4.1-1: Maximum input level

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3
MHz
	5
MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-25

	Note:

1.
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in clause 6.2.5.

2.
Reference measurement channel is Annex A.3.2: 64QAM, R=3/4 variant with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.


7.4A
UE maximum input level for CA

This is defined as the maximum mean power received at the UE antenna port over the aggregated channel bandwidth for intra-band contiguous carrier aggregation, at which the specified relative throughput shall meet or exceed the minimum requirements for the specified reference measurement channel over each component carrier.

7.4A.1
Minimum requirements for CA

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels over each component carrier as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.4.1. 

Table 7.4.1-1: Maximum input level for intra-band contiguous CA

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	A
	B
	C
	D
	E
	F

	Wanted signal mean power
	dBm
	
	
	TBD
	
	
	

	Note:

1.
The transmitter shall be set to 4dB below PUMAX at the minimum uplink configuration specified in Table 7.3.1-2 on the UL carrier that is closest to the DL carriers.

2.
Reference measurement channel is Annex A.3.2: 64QAM, R=3/4 variant with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.


7.5
Adjacent Channel Selectivity (ACS)

7.5.1
Minimum requirements

Adjacent Channel Selectivity (ACS) is a measure of a receiver's ability to receive a E-UTRA signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).

The UE shall fulfil the minimum requirement specified in Table 7.5.1-1 for all values of an adjacent channel interferer up to –25 dBm. However it is not possible to directly measure the ACS, instead the lower and upper range of test parameters are chosen in Table 7.5.1-2 and Table 7.5.1-3 where the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1). 

Table 7.5.1-1: Adjacent channel selectivity

	
	
	Channel bandwidth

	Rx Parameter
	Units
	1.4 MHz 
	3
MHz
	5
MHz
	10 MHz
	15 MHz
	20 MHz

	ACS
	dB
	33.0
	33.0
	33.0
	33.0
	30
	27


Table 7.5.1-2: Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB*
	REFSENS +45.5dB
	REFSENS +42.5dB
	REFSENS +39.5dB

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4+0.0025
/

-1.4-0.0025
	3+0.0075
/

-3-0.0075
	5+0.0025
/

-5-0.0025
	7.5+0.0075
/

-7.5-0.0075
	10+0.0125
/

-10-0.0125
	12.5+0.0025
/

-12.5-0.0025

	Note:

1. The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in clause 6.2.5.
2. The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1 




Table 7.5.1-3: Test parameters for Adjacent channel selectivity, Case 2

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-56.5
	-56.5
	-56.5
	-56.5
	-53.5
	-50.5

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4+0.0025
/

-1.4-0.0025
	 3+0.0075
/

-3-0.0075
	5+0.0025
/

-5-0.0025
	7.5+0.0075
/

-7.5-0.0075
	10+0.0125
/

-10-0.0125
	12.5+0.0025
/

-12.5-0.0025

	Note:

1. The transmitter shall be set to 24dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in clause 6.2.5.
2. The interferer consists of the Reference measurement channel specified in Annex 3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1




7.5.1A
Void

reserved for future use

7.5.1B
Minimum requirements for uplink MIMO

For UE(s) equipped with two antenna connectors supporting transmission on up to two antenna ports, the minimum requirements in Clause 7.5.1 apply for operating bands listed in Table 5.5B-1 and shall be met with transmission mode 2, DCI Format 4 and dual-layer transmission with Codebook Index 0 (Table 5.3.3A.2-1 in [36.211v10.0.0]) configured. For UL MIMO, the parameter PUMAX is the total transmitter power over the two antenna connectors.
7.6
Blocking characteristics

The blocking characteristic is a measure of the receiver's ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response occur.

7.6.1
In-band blocking

In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz below or above the UE receive band at which the relative throughput shall meet or exceed the minimum requirement for the specified measurement channels.. 
7.6.1.1
Minimum requirements

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.6.1.1-1 and 7.6.1.1-2.

Table 7.6.1.1-1: In band blocking parameters

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm


	REFSENS + channel bandwidth specific value below

	
	
	6
	6
	6
	6
	7
	9

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FIoffset, case 1 
	MHz
	2.1+0.0125
	4.5+0.0075
	7.5+0.0125
	7.5+0.0025
	7.5+0.0075
	7.5+0.0125

	FIoffset, case 2 
	MHz
	3.5+0.0075
	7.5+0.0075
	12.5+0.0075
	12.5+0.0125
	12.5+0.0025
	12.5+0.0075

	Note 1: 
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in clause 6.2.5.

Note 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1




Table 7.6.1.1-2: In-band blocking

	E-UTRA band
	Parameter
	 Unit
	Case 1
	Case 2
	Case 3
	Case 4

	
	 PInterferer
	 dBm
	-56
	-44
	-30
	 [-30]

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&

=+BW/2 – FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&

≥+BW/2 – FIoffset,case 2
	-BW/2 – 15

&

-BW/2 – 9
	-BW/2 – 10

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 18, 19, 20, 21,33,34,35, 36,37,38,39, 40,41
	FInterferer
	MHz
	(Note 2)
	FDL_low – 15

to

FDL_high + 15
	
	

	12
	FInterferer
	MHz
	(Note 2)
	FDL_low – 10

to

FDL_high + 15
	
	FDL_low – 10



	17
	FInterferer
	MHz
	(Note 2)
	FDL_low – 9

to

FDL_high + 15
	FDL_low – 15

and

FDL_low – 9


	

	Note 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 

Note 2:
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 - FIoffset, case 1 and

b. the carrier frequency +BW/2 + FIoffset, case 1
Note 3:
FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 
Note 4:
Case 3 and Case 4 only apply to assigned UE channel bandwidth of 5 MHz 


7.6.2
Out-of-band blocking

Out-of-band band blocking is defined for an unwanted CW interfering signal falling more than 15 MHz below or above the UE receive band. For the first 15 MHz below or above the UE receive band the appropriate in-band blocking or adjacent channel selectivity in sub-clause 7.5.1 and sub-clause 7.6.1 shall be applied.

7.6.2.1
Minimum requirements

. The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.6.2.1-1 and 7.6.2.1-2.

For Table 7.6.2.1-2 in frequency range 1, 2 and 3, up to 
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exceptions are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size, where 
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 is the number of resource blocks in the downlink transmission bandwidth configuration (see Figure 5.4.2-1). For these exceptions the requirements of clause 7.7 Spurious response are applicable.

For Table 7.6.2.1-2 in frequency range 4, up to 
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exceptions are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size, where 
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 is the number of resource blocks in the downlink transmission bandwidth configurations (see Figure 5.4.2-1) and 
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 is the number of resource blocks allocated in the uplink. For these exceptions the requirements of clause 7.7 spurious response are applicable.

Table 7.6.2.1-1: Out-of-band blocking parameters

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3  MHz
	5  MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	6
	6
	6
	6
	7
	9

	Note 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in clause 6.2.5.

Note 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.


Table 7.6.2.1-2: Out of band blocking

	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	range 1
	range 2
	range 3
	range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15

	1, 2, 3, 4, 5

6, 7, 8, 9, 10,11,12, 13, 17, 18, 19, 20, 21, 24, 33,34, 35, 36, 37, 38, 39, 40,41, 42, 43
	FInterferer (CW)


	MHz


	FDL_low  -15 to

FDL_low  -60 
	FDL_low  -60 to

FDL_low  -85 
	FDL_low  -85 to 

1 MHz
	-

	
	
	
	FDL_high +15 to

FDL_high + 60 
	FDL_high +60 to

FDL_high +85 
	FDL_high +85 to

+12750 MHz
	-

	2, 5, 12, 17
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high

	Note: For the UE which supports both Band 11 and Band 21 the out of blocking is FFS.


7.6.3
Narrow band blocking

This requirement is measure of a receiver's ability to receive a E-UTRA signal at its assigned channel frequency in the presence of an unwanted narrow band CW interferer at a frequency, which is less than the nominal channel spacing.

7.6.3.1
Minimum requirements

. The relative throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.6.3.1-1

Table 7.6.3.1-1: Narrow-band blocking

	Parameter
	Unit
	Channel Bandwidth

	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Pw
	dBm
	PREFSENS + channel-bandwidth specific value below

	
	
	22
	18
	16
	13
	14
	16

	Puw (CW)
	dBm
	-55
	-55
	-55
	-55
	-55
	-55

	Fuw (offset for

f = 15 kHz)
	MHz
	0.9075
	1.7025
	2.7075
	5.2125
	7.7025
	10.2075

	Fuw (offset for
f = 7.5 kHz)
	MHz
	
	
	
	
	
	

	Note 1:
The transmitter shall be set a 4 dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in clause 6.2.5.

Note 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1. 


7.7
Spurious response

Spurious response is a measure of the receiver's ability to receive a wanted signal on its assigned channel frequency without exceeding a given degradation due to the presence of an unwanted CW interfering signal at any other frequency at which a response is obtained i.e. for which the out of band blocking limit as specified in sub-clause 7.6.2 is not met.

7.7.1
Minimum requirements

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.7.1-1 and 7.7.1-2.

Table 7.7.1-1: Spurious response parameters

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	6
	6
	6
	6
	7
	9

	Note:

1. The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration 
specified in Table 7.3.1-2.
2. Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.


Table 7.7.1-2: Spurious Response

	Parameter
	Unit
	Level

	PInterferer

(CW)
	dBm
	-44

	FInterferer
	MHz
	Spurious response frequencies


7.8
Intermodulation characteristics

Intermodulation response rejection is a measure of the capability of the receiver to receiver a wanted signal on its assigned channel frequency in the presence of two or more interfering signals which have a specific frequency relationship to the wanted signal.

7.8.1
Wide band intermodulation

The wide band intermodulation requirement is defined following the same principles using modulated E-UTRA carrier and CW signal as interferer.

7.8.1.1
Minimum requirements

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.8.1.1 for the specified wanted signal mean power in the presence of two interfering signals
Table 7.8.1.1-1: Wide band intermodulation

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS +  channel bandwidth specific value below

	
	
	12
	8
	6
	6
	7
	9

	PInterferer 1
(CW)
	dBm
	-46

	PInterferer 2
(Modulated)
	dBm
	-46

	BWInterferer 2
	
	1.4
	3
	5

	FInterferer 1
(Offset)
	MHz
	-BW/2 –2.1

/

+BW/2+ 2.1
	-BW/2 –4.5

/

+BW/2 + 4.5
	-BW/2 – 7.5

/

+BW/2 + 7.5

	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1

	Note:

1
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in clause 6.2.5.
2
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.

3
The modulated interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 with set-up according to Annex C.3.1The interfering modulated signal is 5MHz E-UTRA signal as described in Annex D for channel bandwidth (5MHz


7.8.2
Void

7.9
Spurious emissions

The spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the UE antenna connector.

7.9.1
Minimum requirements

The power of any narrow band CW spurious emission shall not exceed the maximum level specified in Table 7.9.1-1 

Table 7.9.1-1: General receiver spurious emission requirements

	Frequency Band
	Measurement

Bandwidth
	Maximum level
	Note

	30MHz ( f < 1GHz
	100 kHz
	-57 dBm
	

	1GHz ( f ( 12.75 GHz
	1 MHz
	-47 dBm
	


Annex E (normative): 
Environmental conditions

E.1

General

This normative annex specifies the environmental requirements of the UE. Within these limits the requirements of the present documents shall be fulfilled.

E.2

Environmental
The requirements in this clause apply to all types of UE(s).

E.2.1
Temperature

The UE shall fulfil all the requirements in the full temperature range of:

Table E.2.1-1

	+15(C to +35(C
	for normal conditions (with relative humidity of 25 % to 75 %)

	-10(C to +55(C
	for extreme conditions (see IEC publications 68‑2‑1 and 68‑2‑2)


Outside this temperature range the UE, if powered on, shall not make ineffective use of the radio frequency spectrum. In no case shall the UE exceed the transmitted levels as defined in clause 6.2 for extreme operation.

E.2.2
Voltage

The UE shall fulfil all the requirements in the full voltage range, i.e. the voltage range between the extreme voltages.

The manufacturer shall declare the lower and higher extreme voltages and the approximate shutdown voltage. For the equipment that can be operated from one or more of the power sources listed below, the lower extreme voltage shall not be higher, and the higher extreme voltage shall not be lower than that specified below.

Table E.2.2-1

	Power source
	Lower extreme

voltage
	Higher extreme

voltage
	Normal conditions

voltage

	AC mains
	0,9 * nominal
	1,1 * nominal
	nominal

	Regulated lead acid battery
	0,9 * nominal
	1,3 * nominal
	1,1 * nominal

	Non regulated batteries:

Leclanché 

Lithium

Mercury/nickel & cadmium
	0,85 * nominal

0,95 * nominal

0,90 * nominal
	Nominal

1,1 * Nominal
	Nominal

1,1 * Nominal

Nominal


Outside this voltage range the UE if powered on, shall not make ineffective use of the radio frequency spectrum. In no case shall the UE exceed the transmitted levels as defined in clause 6.2 for extreme operation. In particular, the UE shall inhibit all RF transmissions when the power supply voltage is below the manufacturer declared shutdown voltage.

E.2.3
Vibration

The UE shall fulfil all the requirements when vibrated at the following frequency/amplitudes.

Table E.2.3-1

	Frequency
	ASD (Acceleration Spectral Density) random vibration

	5 Hz to 20 Hz
	0,96 m2/s3

	20 Hz to 500 Hz
	0,96 m2/s3 at 20 Hz, thereafter –3 dB/Octave


Outside the specified frequency range the UE, if powered on, shall not make ineffective use of the radio frequency spectrum. In no case shall the UE exceed the transmitted levels as defined in TS 36.101 for extreme operation.
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