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1 Introduction
The existing CA demodulation performance requirements are specified mainly based on 10MHz+10MHz and 20MHz+20MHz bandwidth combinations, which would fully not cover band 23 intra-band non-contiguous CA. In this contribution, we try to solve this issue.
2 Existing CA performance requirements for BS

In Table 1, we list the existing FDD CA demodulation performance requirements for BS according to TS36.104 c.1.0 and TS36.141 c.1.0.

The PUCCH format 1b with channel selection and PUCCH format 3 were introduced in Rel-10 to support downlink CA up to 5 CCs. Although the corresponding demodulation performance requirements were introduced as CA feature, the test will be conducted based on the single carrier transmission mode.

For PUSCH CA performance requirements, the test is conducted with the multiple carrier transmission and the performance is verified per CC, which would be concise and scalable way to specify CA performance requirements thanks to the truth that all the bandwidths are covered by PUSCH tests.

Table 1: List of CA demodulation performance and CSI requirements (Rel-11/12)

	Description
	Bandwidth combination
	Note

	PUSCH requirements in multi-path fading
	All the possible bandwidth combinations
	Performance requirements for a BS supporting carrier aggregation are defined in terms of single carrier requirements. (TS36.104)

For a BS supporting carrier aggregation only the CC combination with largest aggregated bandwidth and the largest number of component carriers is used for the test. For test CC combination the tests using full PRB allocation FRC are conducted on per CC basis and measured by the required SNR levels corresponding to the bandwidths used on the different CCs. (TS36.141)

	PUCCH format 1b with channel selection
	Single carrier based: 10MHz ~20MHz
	The test is conducted on single carrier transmission mode.

	PUCCH format 3
	Single carrier based:

10MHz~20MHz
	The test is conducted on single carrier transmission mode.


3 Existing CA demodulation and CSI requirements
In Table 2, we list the existing FDD CA demodulation performance and CSI requirements according to TS36.101 c.1.0 and the reference [1], which was technically endorsed by the group. 
Table 2: List of CA demodulation performance and CSI requirements (Rel-11/12)
	Description
	Bandwidth combination
	UE Category
	Applicability rule

	Regular test
	TM1
	10MHz+10MHz
	3-8
	CL_A-A (Inter-band CA, Intra-band NC CA)

	
	
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	
	TM3
	10MHz+10MHz
	3-8
	CL_A-A (Inter-band CA, intra-band NC CA)

	
	
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	
	TM4
	10MHz+10MHz
	3-8
	CL_A-A (Inter-band CA, Intra-band NC CA)

	
	
	20MHz+20MHz
	5-8
	CL_C (Intra-band contiguous CA)

	Soft buffer test
	TM3
	20MHz+20MHz
	3
	CL_A-A, CL_C (Max aggregated bandwidth)

	
	
	20MHz+15MHz
	3
	CL_A-A (With max aggregated bandwidth)

	
	
	20MHz+10MHz
	3
	CL_A-A (With max aggregated bandwidth)

	
	
	15MHz+10MHz
	3
	CL_A-A (With max aggregated bandwidth)

	
	
	20MHz+20MHz
	4
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	20MHz+15MHz
	4
	CL_A-A (With max aggregated bandwidth)

	
	
	20MHz+10MHz
	4
	CL_A-A (With max aggregated bandwidth)

	Power imbalance
	TM3
	20MHz+20MHz
	5-8
	CL_C (Only for intra-band contiguous CA)

	Sustained data rate
	TM3
	10MHz+10MHz (3-3B)
	3
	CL_A-A (Inter-band CA, intra-band NC CA)

	
	
	10MHz+10MHz (4A)
	4
	CL_A-A (Inter-band CA, intra-band NC CA)

	
	
	20MHz+20MHz (6A)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	10MHz+15MHz (6B)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	10MHz+20MHz (6C)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	
	
	15MHz+20MHz (6D)
	6, 7
	CL_A-A, CL_C (With max aggregated bandwidth)

	CQI test
	TM1
	10MHz+10MHz (Test 1)
	3-8
	CL-A-A (inter-band CA, intra-band NC CA)

	
	
	20MHz+20MHz (Test 2)
	3-8
	CL_C (Intra-band contiguous CA)


4 How to apply CA demodulation/CSI tests

The rule of applicability was captured in [2, 3].

Firstly if UE support multiple CA configurations, e.g., CA_23A-29A and CA_23A-23A, then one of them could be chosen for the test, which was captured in [3] as the same handling as for legacy single carrier test can be reused to select a band combination signalled by UE. For legacy single carrier test, it is specified in RAN5 TS36.521-1, i.e., The UE performance in this section is considered to be operating band independent. Therefore, the required performance in the respective test cases can be verified in one of the operating bands supported by the UE under test. All the test points supported by the bands of the multiband UE (based on channel bandwidth, DL and UL configuration) need to be tested.
So if the operators ensured that all of the UEs in the market will support the multiple CA configurations and one of the supported CA configurations supported either 10MHz+10MHz or 20MHz+20MHz, then there would be no need to define the new 2DL CA demodulation performance/CSI tests. On the contrary, if there was the new UE only supporting CA_23A-23A, the new CA demodulation/CSI performance requirements would be needed.
Secondly the application rules for the CA configuration chosen for the test are captured in [2, 3] and specified by the CA capability column in the requirement tables and the tables of test points for both soft buffer management tests and the sustained data tests [1]. 
· For the regular CA tests and CQI tests, 10MHz+10MHz tests are applicable only to inter-band CA and intra-band non-contiguous CA, while 20MHz+20MHz tests are applicable only to intra-band contiguous CA. 
· For the soft buffer test and sustained data rate test, the maximum aggregated bandwidth configuration will be used during the test. For example, the maximum aggregated bandwidth for CA_1A-8A with bandwidth combination set 0 is 30MHz, and so only 20MHz+10MHz will be chosen for the soft buffer and sustained data rate test (do not need to test against other aggregation bandwidth configuration).
· For the power imbalance tests, the tests will be applied to the lowest and highest band (intra-band CA) supported by UE under test.
5 Issues and analysis for Band 23 intra-band non-contiguous CA: CA_23A-23A
As discussed in the previous section, for UE supporting multiple bands, there would be no test coverage issue. In the following, we focus on the case where the UE only supports CA_23A-23A. The aggregated bandwidths supported by CA_23A-23A are listed below.
Table 3: Supported bandwidths for CA_23A-23A [5, 6]
	E-UTRA CA configuration / Bandwidth combination set

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

	CA_23A-23A
	23
	
	
	Yes
	Yes
	
	


5.1 BS performance requirements
According to Section 2, the existing BS demodulation performance requirements can cover CA_23A-23A.

· Observation 1: For CA_23A-23A, no new BS demodulation performance requirements are needed.
5.2 UE performance requirements
For Band 23 intra-band non contiguous CA, i.e., CA_23A-23A, we have the following analysis:
· First according to Clause 5.3 in [5], it seems that only 10MHz+5MHz would be supported. So the new regular demodulation performance requirements should be defined with the aggregation bandwidth of 10MHz+5MHz for the UE only supporting CA_23A-23A.
· Second since the maximum bandwidth per CC is 10MHz, there is no soft buffer problem and no soft buffer requirement 
· Third the existing sustained data rate tests cannot cover 10MHz+5MHz thus the new sustained data rate test is needed for UE only supporting CA_23A-23A. But the question is whether we should define the new ones for both UE category 3,4 and UE category 6,7.
· Finally the existing power imbalance requirement is applied to intra-band contiguous CA with bandwidth class C. So no new power imbalance requirement is needed to verify image rejection for CA_23A-23A (However, RAN4 was discussing the additional requirement for intra-band non-contiguous CA to verify the shared LNA impact [8~10], which will be handled in a band independent way).
Firstly to make the regular tests and CQI tests cover the CA_23A-23A, we propose that

· Proposal 1: For CA_23A-23A, introduce the new TM1, TM3, TM4 and CQI test with 10MHz+5MHz for UE only supporting CA_23A-23A. 
Secondly for soft buffer test, we propose that:

· Proposal 2: For CA_23A-23A, no new soft buffer performance requirement is needed.

Thirdly for sustained data rate test, to verify the peak data rate, we propose 
· Proposal 3: For CA_23A-23A, the new sustained data rate test with the aggregated bandwidth 10MHz+5MHz should be introduced for UE category 3 and 4, but not for UE category 6 and 7.
Regarding the power imbalance test, no new requirement is needed.
· Proposal 4: For CA_23A-23A, no new power imbalance requirement is needed.
Table 4 summarizes the new demodulation requirements that should be introduced for CA_23A-23A.
Table 4: Summary of the new test cases needed for Band 23

	Test cases
	New tests for CA_23A-23A

	Regular test and CQI
	New TM1, TM3, TM4 and CQI test needed

	Soft buffer test
	Not needed

	Sustained data rate test
	Needed

	Power imbalance test
	Not needed to verify image rejection


6 Discussion of the work plan

As discussed in [11], the scalability issue for CA demodulation performance requirements would be a general one for CA topics. And in [12] the new methodology to design the CA demodulation performance requirements were proposed, where the major change is to replace the existing test metric of sum of throughput values of all component carriers by the (relative) throughput per CC. 
From the pure technique point of view, it would be quite efficient to solve the scalability issue for all the related CA bands including 2DL and 3DL. But to meet the stringent deadline for Band 23 WIs, we propose that
· Proposal 5: To progress the work for CA_23A-23A, we propose two options:
· Option 1: specify all the needed requirements listed in Table 4 in a legacy way;

· Option 2: specify part of the needed requirements listed in Table 4, i.e., regular tests or part of regular tests and then close WI-s. The rest of needed requirements will be specified in a CA band combination independent way as a generic work.
Option 1 may need more time to discuss the test parameters, including FRC-s, updating the applicability rules, bandwidth configuration for the test, and have a simulation campaign to finally decide the requirements. On the contrary, Option 2 may need less time. So we prefer Option 2.
7 Conclusions

In this paper, we discuss the scalability issue for CA demodulation performance requirements. The analysis and solutions are provided.
For BS requirements, we think that

· Observation 1: For CA_23B, no new BS demodulation performance requirements are needed.

For UE requirements for the intra-band non-contiguous CA, i.e., CA_23A-23A,

· Proposal 1: For CA_23A-23A, introduce the new TM1, TM3, TM4 and CQI test with 10MHz+5MHz for UE only supporting CA_23A-23A. 

· Proposal 2: For CA_23A-23A, no new soft buffer performance requirement is needed
· Proposal 3: For CA_23A-23A, the new sustained data rate test with the aggregated bandwidth 10MHz+5MHz should be introduced for UE category 3 and 4, but not for UE category 6 and 7. 
· Proposal 4: For CA_23A-23A, no new power imbalance requirement is needed.

And Table 4 summarized the new requirements which are needed.

Table 4: Summary of the new test cases needed for Band 23

	Test cases
	New tests for CA_23A-23A

	Regular test and CQI
	New TM1, TM3, TM4 and CQI test needed

	Soft buffer test
	Not needed

	Sustained data rate test
	Needed

	Power imbalance test
	Not needed to verify image rejection


To progress the work, we propose two options:

· Proposal 5: To progress the work for CA_23A-23A, we propose two options:

· Option 1: specify all the needed requirements listed in Table 4 in a legacy way, i.e., using sum of throughput across CCs with the typical bandwidth configurations;

· Option 2: specify part of the needed requirements listed in Table 4, i.e., regular tests or part of regular tests and then close WI-s. The rest of needed requirements will be specified in a CA band combination independent way as a generic work.

And we prefer to Option 2 to meet the stringent deadline for the WIs.
8 Reference
[1] Qualcomm, Huawei, HiSilicon, R4-135648, “WF on CA test case applicability”, 3GPP TSG-RAN WG4 #68bis, Riga, Latvia, October 7th – 11th, 2013.
[2] Huawei, HiSilicon, Samsung, Qualcomm, Renesas, Ericsson, ST-Ericsson, Intel, R4-131954, “Way forward on the remaining issues for CA bandwidth coverage”, TSG RAN WG4 meeting #66bis, Chicago, IL, USA, 15-19 April, 2013.

[3] R4-132939, “LS on CA bandwidth coverage issue for UE demodulation performance”, 3GPP TSG-RAN WG4 Meeting #67, Fukuoka, Japan, 20-24 May, 2013.

[4] DISH Network, R4-134588, “TR 36.833-1-23: LTE_CA_C_B23 v0.1.0”, 3GPP TSG-RAN WG4 Meeting #67, Fukuoka, Japan, 20-24 May, 2013.
[5] DISH Network, R4-134593, “36.833-2-23:  LTE-Advanced intra-band non-contiguous Carrier Aggregation (CA) in Band 23 v0.1.0”, 3GPP TSG-RAN WG4 Meeting #68bis, Riga, Lavtia, 7th – 11th October, 2013.

[6] ZTE, DISH Network, R4-134782, “Introduction of  CA_23A-23A RF requirements into 36.101”, 3GPP TSG-RAN WG4 Meeting #68bis, Riga, Latvia, 7th – 11th October, 2013.

[7] NII, TR36.833-1-27 V0.4.0, email reflector, Nov. 2013.
[8] Ericsson, R4-134947, “Intra-band non-contiguous CA deployment scenario and UE performance requirement consideration”, , 3GPP TSG-RAN WG4 Meeting #68bis, Riga, Latvia, 7th – 11th October, 2013.

[9] Qualcomm, R4-134774, “Receiver timing window requirement for intra-band non-contiguous CA”, 3GPP TSG-RAN WG4 Meeting #68bis, Riga, Latvia, 7th – 11th October, 2013.

[10] Huawei, HiSilicon, R4-135019, “Demodulation performance test for intra-band non-contiguous CA”, 3GPP TSG-RAN WG4 Meeting #68bis, Riga, Latvia, 7th – 11th October, 2013.

[11] Huawei, HiSilicon, R4-135672, “Way forward on Scalability of CA demodulation requirements”, 3GPP TSG-RAN WG4 Meeting #68bis, Riga, Latvia, 7th – 11th October, 2013.
[12] Huawei, HiSilicon, R4-135017, “Initial discussion on the demodulation performance test for 3DL CA”, 3GPP TSG-RAN WG4 Meeting #68bis, Riga, Latvia, 7th – 11th October, 2013.






