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1. Introduction
According to the agreed time plan for the CA WI [1] the UE RF aspects should proceed as follows:
· RAN4 Ad-hoc #2 (April, 2010): 
· Agree the principles of deriving TX / RX RF requirements
· Discuss technical issues of the key RF requirements ( Maximum output power, Reference sensitivity)
Furthermore, RAN4#54 agreed that the findings related to UE RF will be captured within a new TR to be created for the CA WI. The skeleton of this TR has been agreed in [2].

RAN plenary #47 agreed the scenarios to be studied in initial phase of REL-10 CA [3]. 
This document presents a text proposal for the CA UE TR for Clause 7.3 (Reference Sensitivity power level). This text proposal proposes guide lines on how the CA Reference sensitivity is defined and captured on REL-10.
2. Discussion

LTE REL-10 UE’s will be designed based on same or similar components as used in LTE REL-8 terminals. This leads into conclusion that receiver noise figures will be same. This further means that if interference coming from own TX branch is kept on same level as in REL-8 then same REFSENS figures are achievable for REL-10. 

INTER-BAND CA REFSENS
As a baseline for inter-band CA we can assume same noise figures for REL-10 UE’s as we have for REL-8 UE, this is especially true for high-low band combinations. However there most likely will be band combinations where REL-8 sensitivity cannot be met because of implementation issues. For DB-DC-HSDPA which is essential inter-band CA we have seen that high-high band combination is problematic and most likely same issues would be true for low-low band combinations.
As an example in DB-DC-HSDPA (HSPA CA) there is 1 dB of sensitivity relaxation allowed when UE supports simultaneous reception of bands II and IV (DB-DC-HSDPA configuration 2). Reason for the relaxation is that band II and band IV (high-high combination) duplex-filters cannot be combined without additional insertion loss.  This relaxation is also allowed when the UE is configured to single band operation because single band operation uses same components than dual-band mode. Further more same relaxation is allowed in OTA requirements. 
Based on above we propose following  
Inter-band CA sensitivity:

· Baseline is that same sensitivity applies as REL-8 

· If RAN4 studies show that certain band combinations cannot support REL-8 sensitivity then that band combination is allowed to have relaxation to sensitivity

· If UE is allowed to have sensitivity relaxation for certain inter- band combination then it is allowed to have that same relaxation on single-band mode when operating on those particular bands. This relaxation is also applicable  OTA tests, similarly as has been agreed for DB-DC-HSDPA.

INTRA-BAND CA REFSENS
For intra-band operation we can assume same noise figures as for REL-8 terminals and if interference from own Tx is on same level as in REL-8 case then same REFSENS per CC can be achieved. 
For intra-band CA the UL will be very different compared to REL-8 UL because of wider UL BW, smaller UL-DL separation and multi-cluster transmissions. These issues will lead to receiver desensitization, furthermore this desensitization can be different to different CC’s.
There are two ways to specify intra-band REFSENS
Alternative 1)

· Same sensitivity numbers apply as for REL-8 

· UL configuration shall be such that that REL-8 sensitivity can be met
Alternative 2)

· Reduced sensitivity is allowed compared to REL-8
· More freedom is allowed for UL allocation in REFSENS test

Our proposal is that alternative 1 is taken as a baseline but if that cannot be achieved with reasonable design complexity or if UL allocation becomes too restricted because of small UL-DL separation then alternative 2 is used.
Table below use notation CA_1B instead of CA_1 and CA_1A-5A instead of CA_1-5 which were agreed in [3]. Justification for this is explained in [4].

Requirement for large transmission configurations
Maximum sensitivity degradation (MSD) will be additional information for network operation and should be also specified for CA accounting issues like smaller UL-DL separation and multi-cluster transmission. 
INTER-BAND CA MSD
We propose that for REL-10 inter-band CA where only one UL is active at the time the MSD is specified for both DL bands separately and also taking into account that UL can be on either of the bands. This will lead into four MSD figures per inter-band CA band. 

Defining four MSD values per inter-band CA band can require a lot of simulation effort but it will give good insight how well the CA would work in real network.
INTRA-BAND CA MSD
We propose that for REL-10 intra-band CA the MSD values are specified separately on all DL CC’s. MSD value will be different on different CC’s, being smaller on CC’s which are further away from UL
3. Conclusion

This contribution proposes how REFSENS is defined in LTE REL-10.
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Text proposal for CA UE TR
----- Start of TP for the main section 7.3 -----
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

INTER-BAND CA REFSENS
As a baseline for inter-band CA we can assume same noise figures for REL-10 UE’s as we have for REL-8 UE, this is especially true for high-low band combinations. However there most likely will be band combinations where REL-8 sensitivity cannot be met because of implementation issues. For DB-DC-HSDPA which is essential inter-band CA we have seen that high-high band combination is problematic and most likely same issues would be true for low-low band combination.

Hence following approach is taken.  
Inter-band CA sensitivity:

· Baseline is that same sensitivity applies as REL-8 

· If RAN4 studies show that certain band combinations cannot support REL-8 sensitivity then that band combination is allowed to have relaxation to sensitivity

· If UE is allowed to have sensitivity relaxation for certain inter- band combination then it is allowed to have that same relaxation on single-band mode when operating on those particular bands. This relaxation is also applicable  OTA tests, similarly as has been agreed for DB-DC-HSDPA.

INTRA-BAND CA REFSENS
For intra-band operation we can assume same noise figures as for REL-8 terminals and if interference from own Tx is on same level as in REL-8 case then same REFSENS per CC can be achieved. 

For intra-band CA the UL will be very different compared to REL-8 UL because of wider UL BW, smaller UL-DL separation and multi-cluster transmissions. These issues will lead to receiver desensitization, further more this desensitization can be different to different CC’s.

There are two ways to specify intra-band REFSENS

Alternative 1)

· Same sensitivity numbers apply as for REL-8 

· UL configuration shall be such that that REL-8 sensitivity can be met

Alternative 2)

· Reduced sensitivity is allowed compared to REL-8

· More freedom is allowed to UL allocation for REFSENS test

Alternative 1 is taken as a baseline but if that cannot be achieved with reasonable design complexity or UL allocation restriction then alternative 2 is used.
Requirement for large transmission configurations
Maximum sensitivity degradation (MSD) will be additional information for network operation and should be also specified for CA.

INTER-BAND CA MSD
For REL-10 intra-band CA where only one UL is allowed to be active at a time the MSD is specified for both DL bands separately and also taking into account that UL can be on either of the bands. This will lead into four MSD figures per inter-band CA band. 

INTRA-BAND CA MSD
For REL-10 intra-band CA the MSD values are specified separately on all DL CC’s.
----- End of TP for the main section 7.3 -----
----- Start of TP for the Annex B section -----
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
	-103.2
	-100.2
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-102.2
	-99.2
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-105.2
	-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
	-102.2
	-99.2
	-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
	-[89]
	-91
	FDD

	21
	
	
	-100
	 -97
	-95.2 
	
	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

	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 of Band 3 + 0.5 dB is applicable for band 9 

Note 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.


Table 7.3.1-2 specifies the minimum number of allocated uplink resource blocks for which the reference receive sensitivity requirement must be met. 

Table 7.3.1-2: Minimum 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 
	251
	[251]
	251
	FDD

	21
	
	
	25
	251
	251
	
	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

	Note 1:       The number of UL  resource blocks allocated is less than the total resources blocks supported by the channel bandwidth. 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). 
Note 2:
For the UE which supports both Band 11 and Band 21 the minimum uplink configuration for reference sensitivity is FFS.



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

	20
	NS_10

	21
	NS_09

	35
	NS_03 

	36
	NS_03


7.3.1A

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 7.3.1A-1: Inter-band CA Reference sensitivity QPSK PREFSENS
	CA Band
	UL Band
	DL Band
	REFSENS
	Duplex Mode

	CA_1A-5A
	1
	1
	As per Table 7.3.1-1 + [TBD dB]
	FDD

	
	
	5
	As per Table 7.3.1-1 + [TBD dB]
	

	
	5
	1
	As per Table 7.3.1-1 + [TBD dB]
	

	
	
	5
	As per Table 7.3.1-1 + [TBD dB]
	


Table 7.3.1A-2 specifies the minimum number of allocated uplink resource blocks for which the inter-band CA reference receive sensitivity requirement must be met. 
Table 7.3.1A-2: Inter-band CA Minimum uplink configuration for reference sensitivity
	CA Band / Channel bandwidth / NRB / Duplex mode

	CA Band
	UL Band
	Duplex Mode

	CA_1A-5A
	1
	5
	FDD

	
	[TBD]
	[TBD]
	


Table 7.3.1A-3: Intra-band CA Reference sensitivity QPSK PREFSENS
	CA Band / Channel bandwidth / NRB / Duplex mode

	CA Band
	15 MHz +15 MHz
	20 MHz +20 MHz
	Duplex Mode

	CA_1B
	CC1
	CC2
	CC1
	CC2
	FDD

	
	As per Table 7.3.1-1

+ [TBD dB]
	As per Table 7.3.1-1

+ [TBD dB]
	As per Table 7.3.1-1

+ [TBD dB]
	As per Table 7.3.1-1

+ [TBD dB]
	


Table 7.3.1A-4 specifies the minimum number of allocated uplink resource blocks for which the intra-band CA reference receive sensitivity requirement must be met. 
Table 7.3.1A-4: Intra-band CA Minimum uplink configuration for reference sensitivity
	CA Band / Channel bandwidth / NRB / Duplex mode

	CA Band
	15 MHz +15 MHz
	20 MHz +20 MHz
	Duplex Mode

	CA_1B
	CC1
	CC2
	CC1
	CC2
	FDD

	
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	FDD


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

	20
	NS_10

	21
	NS_09

	35
	NS_03 

	36
	NS_03


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

	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 



7.3.2A

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 7.3.2A-1: Inter-band CA Maximum Sensitivity Degradation 

	CA Band
	UL Band
	DL Band
	REFSENS
	Duplex Mode

	CA_1A-5A
	1
	1
	[TBD]
	FDD

	
	
	5
	[TBD]
	

	
	5
	1
	[TBD]
	

	
	
	5
	[TBD]
	

	Note:


        1.      The transmitter shall be set to PUMAX as defined in clause 6.2.5  with the maximum transmission configuration TBD allocated 



Table 7.3.2A-2: Intra-band CA Maximum Sensitivity Degradation
	CA Band / Channel bandwidth / NRB / Duplex mode

	CA Band
	15 MHz +15 MHz
	20 MHz +20 MHz
	Duplex Mode

	CA_1B
	CC1
	CC2
	CC1
	CC2
	FDD

	
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	

	Note:


        1.      The transmitter shall be set to PUMAX as defined in clause 6.2.5  with the maximum transmission configuration TBD  allocated 



----- End of TP for the Annex B section -----
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