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1 Introduction

A new work item of intra-band carrier aggregation on Band 38 was approved in RAN#52 in Bratislava. The objective of core RF requirements is proposed to be as follows:

BS: 40MHz CA

· Determine the appropriate deployment scenario and specify the corresponding RF requirements for up to 40MHz. 

UE: 40MHz CA

· Considering the cost and complexity, it is proposed to maintain the same capability requirements for UE as that in other intra-band CA work items, e.g. up to two contiguous 20MHz component carriers for CA. 

· Appropriate A-MPR value may be defined to support CA bandwidth larger than 20MHz for protection of adjacent Band 7 operations.

This discussion paper gives preliminary considerations on deployment scenarios and potential impacts on RF requirements for CA_38.
2 Deployment scenarios
China has allocated 50MHz of spectrum from 2570-2620MHz for TDD (including guard bands) in 2010. The frequency arrangement of other parts of 2.6GHz is yet to be decided. The maximum bandwidth operators can utilize depends on co-existence requirements in the future. 

Figure 1 gives 2.6GHz band auction results of European countries. Based on the results, the following CA bandwidth configurations are proposed to be considered to capture operators’ deployment requirements:

· 20 MHz + 20 MHz 

· 5 MHz + 20 MHz

Furthermore, since the CC combination of 10 MHz + 20 MHz had been studied in CA_40, some of general requirements could be reused for CA_38. It’s proposed to also include the CC combination of 10 MHz + 20 MHz in CA_38 studies to support future deployments. 
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Figure 1 2.6GHz band auctions results of European countries

Proposal 1: Considering the following CC combinations for CA_38.
· 5 MHz + 20 MHz

· 10 MHz + 20 MHz

· 20 MHz + 20 MHz

3 Potential impacts on RF core requirements
This section gives the potential impacts on RF core requirements for supporting CA on band 38. The main impacts are as follows:
· Numerology to support new CA operating band and new component carrier combinations: Operating bands, Channel bandwidth, Minimum guard band, Channel spacing etc.

· Basic RF requirements: 
· UE Tx: UE maximum output power for CA, spectrum emission mask, ACLR etc.

· UE Rx: maximum input level, sensitivity level, ACS, Blocking (in-band blocking, out-of-band blocking, narrow band blocking), spurious response, receiver image

· BS Tx: unwanted emissions, spurious emissions etc.

· BS Rx: ACS, Blocking etc. 

· Coexistence related RF requirements: Additional spurious emission requirement and A-MPR

Comprehensive studies need to be done to support 5 MHz + 20 MHz component carrier combination for CA_38, especially on UE Rx requirements side. It’s proposed to study the related UE RF requirements based on the same methodology of supporting other CC combinations in R10. For BS related RF requirements, the outcome of MSR work item can be largely utilized. 
The expected changes on UE and BS core RF requirements are marked in yellow in the following sections.

3.1 UE Core RF requirements

3.1.1 Operating bands
A new row should be added in table to support intra-band CA in band 38.
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_38
	38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD

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


3.1.2 Channel bandwidth for CA

It’s proposed to verify existing definition of aggregated channel bandwidth and Nominal Guard Band to support 5 MHz + 20 MHz CC combination for CA_38.
3.1.3 Channel bandwidths per operating band for CA
A new row should be added in table to support the required CC combinations for intra-band CA in band 38. It’s proposed to include the following CC combinations.
· 20 MHz + 20 MHz

· 10 MHz + 20 MHz

· 5 MHz + 20 MHz
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_38C1
	38
	
	
	Yes
	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.


3.1.4 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.
Preliminary analysis states that existing definitions could support new CC combinations, however, further studies are needed.

3.1.5 UE Maximum Output Power for intra-band contiguous CA
The maximum output power as well as power tolerance for intra-band contiguous CA for band 38 should be defined 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_38C
	
	
	
	
	[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).


3.1.6 UE Maximum Output power for modulation / channel bandwidth for CA

The basic maximum power reduction (MPR) for supporting 5 MHz + 20 MHz combination should be studied. 

Table 6.2.3A-1: Maximum Power Reduction (MPR) for Power Class 3
	Modulation
	CA bandwidth Class C
	MPR (dB)

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

	QPSK
	TBD
	> 12
	> 16
	> 18
	≤ 1

	QPSK
	TBD
	> 50
	> 75
	> 100
	≤ 2

	16 QAM
	TBD
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	TBD
	> 12
	> 16
	> 18
	≤ 2

	16 QAM
	TBD
	> 50
	> 75
	> 100
	≤ 3


3.1.7 UE Maximum Output Power with additional requirements 

A new network signaling may be needed to fulfill the additional spurious emission requirements for CA_38 for protection of band 7 for CA channel bandwidth larger than 20 MHz. The new network signaling may be only needed for CA operation. How to define the new network signaling needs to be further studied. In the meanwhile, comprehensive simulations are needed to determine the appropriate A-MPR values in the future.
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
	-
	-
	-
	-
	-

	


3.1.8 Spectrum emission mask for contiguous intra-band CA

The spectrum emission mask for aggregated channel bandwidth of supporting 5 MHz + 20 MHz CC combination is proposed to be studied in the same way of introducing other CA bandwidth [2]. 

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)
	TBD
	29.9

MHz
	30

MHz
	39.8

MHz
	Measurement bandwidth

	( 0-1
	TBD
	-22.5
	-22.5
	-24
	30 kHz

	( 1-5
	TBD
	-10
	-10
	-10
	1 MHz

	( 5-29.9
	TBD
	-13
	-13
	-13
	1 MHz

	( 29.9-30
	TBD
	-25
	-13
	-13
	1 MHz

	( 30-34.9
	TBD
	-25
	-25
	-13
	1 MHz

	( 34.9-35
	TBD
	
	-25
	-13
	1 MHz

	( 35-39.8
	TBD
	
	
	-13
	1 MHz

	( 39.8-44.8
	TBD
	
	
	-25
	1 MHz


3.1.9 ACLR requirement E-UTRA/UTRA for CA

The ACLR requirement for supporting 5 MHz + 20 MHz CC combination is proposed to be studied in the same way of introducing other CA bandwidth [3]. 

3.1.10 Additional spurious emissions

The additional spurious emission requirement for CA_38 would be the same as the final Rel-8/9 requirement determined by RAN4. A new network signaling as well as appropriate A-MPR value may be needed for protection of Band 7 in case of supporting aggregated channel bandwidth larger than 20 MHz. 

3.1.11 Sensitivity level for CA

No restrictions are expected on uplink configuration for reference sensitivity for CA_38. However, a new column for 5 MHz + 20 MHz CC combination should be added into the table.
Table 7.3.1A-1: Intra-band CA uplink configuration for reference sensitivity
	CA Band / Aggregated channel bandwidth / NRB / Duplex mode

	CA Band
	[TBD]
	100RB+50RB
	75RB+75RB
	100RB+100RB
	Duplex Mode

	CA_1C
	n/a
	n/a
	n/a
	PCC
	SCC
	PCC
	SCC
	FDD

	
	n/a
	n/a
	n/a
	75
	55
	100
	30
	

	CA_40C
	PCC
	SCC
	SCC
	PCC
	SCC
	PCC
	SCC
	TDD

	
	TBD
	TBD
	50
	75
	75
	100
	100
	

	NOTE 1.
The carrier centre frequency of SCC in the UL operating band is configured closer to the DL operating band.
NOTE 2. 
The transmitted power over both PCC and SCC shall be set to PUMAX as defined in clause 6.2.5.
NOTE 3. 
The UL resource blocks in both PCC and SCC shall be confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).
	


3.1.12 UE maximum input level for CA
No changes are expected.
3.1.13 ACS, Blocking, spurious response, intermodulation requirements for CA
The ACS, Blocking, spurious response and intermodulation requirements are tested based on per CA bandwidth class instead of specifying them differently for each CC combination to make the specification simpler [4]. The corresponding requirements were made based on the default CC combination of 20 MHz + 20 MHz. Further studies are required to verify the receiver requirements for 5 MHz + 20 MHz CC combination.
3.1.14 Receiver image for CA
Receiver image rejection is a measure of a receiver's ability to receive the E-UTRA signal on one component carrier while it is also configured to receive an adjacent aggregated carrier. Receiver image rejection ratio is the ratio of the wanted received power on a sub-carrier being measured to the unwanted image power received on the same sub-carrier when both sub-carriers are received with equal power at the UE antenna connector [5]. The UE may fulfil the same receiver image rejection requirement in case of supporting 5 MHz + 20 MHz CC combination.
3.2 BS Core RF requirements

Detail analyses of potential impacts on BS requirements are skipped here. The outcome of MSR work item can largely utilized to support new CC combination of 5 MHz + 20 MHz.
4 Conclusions
This discussion paper gives preliminary considerations on deployment scenarios and potential impacts on RF requirements for CA_38. Based on the analyses, it’s proposed to endorse the CC combinations of 5 MHz + 20 MHz, 10 MHz + 20 MHz and 20 MHz + 20 MHz for CA_38 and study the corresponding RF requirements.
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