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1. Introduction
 In RAN4 #64bis, discussion was triggered regarding CA demodulation test bandwidth coverage [1] and we presented our view on this issue in [2][3]. As large number of new CA band configurations with different bandwidth combination support are introduced in Rel-11, concern was raised that existing CA demodulation test cannot fully cover different CA configuration. Further discussion took place in RAN4 #66 and following was agreed as WF [4].
· Normal tests:
· A new TM4 20MHz+20MHz test is added to cover the FDD intra-band CA band configurations
· Define 2x20MHz FRC with full PRB allocation and same MCS as 2x10MHz test.
· Power imbalance test:
· There is no need to add or change power imbalance tests in Rel-10/11;
· Soft buffer management tests:
· Option 1: Define a new soft buffer management test for 10MHz+10MHz with fading channel conditions;  
· Option 2: New soft buffer tests should be added for 10MHz+15MHz, 10MHz+20MHz and 15MHz+20MHz, if the feasibility is justified for these bandwidth combinations.
· Companies are encouraged to evaluate whether all the proposed bandwidth combinations are needed and which bandwidth combinations should be defined.
· Other options are not precluded.
· Study all the options considering the UE categories.
· Sustained data rate tests:
· Option 1: New sustained data rate tests for 10MHz+10MHz, 10MHz+15MHz, 10MHz+20MHz, and 15MHz+20MHz;
· Which bandwidth combinations to be defined depend on UE categories.
· Option 2: Define a new sustained data rate for 10MHz+10MHz.
· Apply this new SDR test to Rel-10/11
· 10MHz+10MHz should be defined at least for Rel-10 inter-band CA
· Other options are not precluded. 
· CA periodic CQI test: 
· A new 20MHz+20MHz test is added to cover the FDD intra-band CA band configuration
In this contribution, we provide further analyses on two remaining tests, i.e., soft buffer management and sustained data rate test and present our recommendation to extend CA demodulation test to support all CA band configuration. Another aspect to be discussed in RAN4 and to be determined eventually in RAN5 is how to select CA configuration and bandwidth combination to run particular CA demodulation test. We will also provide our view on this issue as well. 
2. Soft buffer management test

Soft buffer management test is to verify UE’s proper instantaneous buffer implementation when HARQ buffer size is not enough to store all received LLRs. Since, in CA, rate matching at eNB operates under the assumption that whole soft buffer in UE receiver is dedicated to one carrier, UE might receive more LLRs that can be stored in its soft buffer in CA mode. Under this condition, UE is required to implement at least instantaneous buffer to store all LLRs to be input to turbo decoder. 
Since test is defined only for 2x20MHz, it is obvious that soft buffer management capability cannot be verified for a UE with maximum aggregated bandwidth smaller than 2x20MHz. However, soft buffer management issue might happen for a UE with smaller maximum aggregated CA bandwidth. Two options to deal with this situation were discussed in RAN4 #66. First option is to add test case for only 2x10MHz and apply it to a UE that does not support 2x20MHz. Second option is to define test for 10MHz+15MHz, 10MHz+20MHz and 15MHz+20MHz under the condition that feasibility is justified for these bandwidth combinations. 
Performance drop without proper instantaneous buffer implementation is caused by code rate increase after discarding LLRs that cannot be stored into soft buffer. Considering that demodulation performance at 70% peak throughput is primary determined by BLER for first HARQ transmission, number of discarded LLRs on first transmission is main parameter affecting performance degradation. Table 1 compares soft buffer size and number of channel bits for the case of 2 Tx antenna and 2 control symbols for different UE category, rank, modulation type and system bandwidth. When UE does not have proper instantaneous buffer implementation, received LLRs that cannot be stored into soft buffer is discarded upfront before input to turbo decoder. From the table, we can identify 4 cases wherein substantial fraction of received LLRs is discarded. Note that already defined 2x20MHz soft buffer limit tests for category 3 and category 4 UE belong to these cases. There are 3 cases wherein very small fraction of received LLRs gets discarded. We would observe small performance degradation in these cases but the gap would not be enough to differentiate UE with and without proper instantaneous buffer. In other cases, there are no discarded LLRs for first HARQ transmission and the performance degradation would be negligible. Figure 1 shows PDSCH throughput comparision with and without proper instantaneous buffer for category 3 UE with 20MHz system bandwidth, category 3 UE with 15MHz system bandwidth and category 4 UE with 15MHz system bandwidth. We can see the performance gap aligns with what we expected from analyses above. 
Table 1.Comparison between soft buffer size and channel bits
	UE category
	rank
	soft buffer size
	MCS
	channel bits

	
	
	
	
	20MHz
	15MHz
	10MHz

	Category 3
	1
	77328
	64-QAM
	79200
	59400
	39600

	
	
	
	16-QAM
	52800
	39600
	26400

	
	2
	38864
	64-QAM
	79200
	59400
	39600

	
	
	
	16-QAM
	52800
	39600
	26400

	Category 4
	1
	114192
	64-QAM
	79200
	59400
	39600

	
	
	
	16-QAM
	52800
	39600
	26400

	
	2
	57096
	64-QAM
	79200
	59400
	39600

	
	
	
	16-QAM
	52800
	39600
	26400
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(a) category 3, 20MHz, MCS=17
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(b) category 3, 15MHz, MCS=17
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(c) category 4, 15MHz, MCS=17
Figure 1. PDSCH throughput with and without instantaneous soft buffer

Based on these observation, we propose following. 
Proposal 1: For category 3 UE, define additional soft buffer management test for 10MHz+15MHz, 10MHz+20MHz and 15MHz+20MHz bandwidth combinations. 

Proposal 2: For category 4 UE, define additional soft buffer management test for 10MHz+20MHz and 15MHz+20MHz bandwidth combinations.
3. Sustained data rate test
Sustained data rate test is to verify UE PHY/MAC capability to handle maximum PDSCH allocation in a sustained way. As of now, test is defined only for 2x20MHz for category 6 or 7 UE. Thus, test cannot be run for a UE with smaller maximum aggregated CA bandwidth. However, sustained data rate test should be run for all CA UE even with smaller maximum aggregated bandwidth since this test is essential to verify UE CA capability. Thus, we propose to extend test to all possible CA bandwidth combination. Test can be simply extended by defining FRCs for additional bandwidth combinations and reusing same TB success rate.
Proposal 3: Define additional sustained data rate test for 10MHz+15MHz, 10MHz+20MHz and 15MHz+20MHz for category 6 and 7 UE. If maximum CA bandwidth combination of category 6 or 7 UE is 2x10MHz, apply single carrier 20MHz test. 
For category 3 or 4 UE, sustained data rate test is defined for single carrier 20MHz bandwidth. Since  category 3 and 4 UE cannot support PHY/MAC throughput larger than that achievable by single carrier 20MHz test, it would suffice to run single carrier 20MHz sustanined data rate test for CA-capable category 3 or 4 UE. 
4. CA configuration and bandwidth combination selection
4.1. General principle

First, we need to clarify general principle of demodulation test design defined in chapter 8 of 36.101. Since LTE radio interface is designed to support multiple system bandwidth by scalable FFT and supposed to operate in significantly larger number of RF bands than previous 2G/3G radio technology, the number of test cases would have exploded if RAN4 tried to cover every combination of system configurations. In order to avoid proliferation of number of test cases, test was carefully designed so that most important aspect of UE demodulation performance can be verified with minimal number of test cases. Also, test is designed to verify UE baseband receiver performance but not RF performance so that UE demodulation performance can be verified by running test only in one band instead of running tests in all supported bands. This is made possible by defining test with 
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at -98dBm/15kHz, which is significantly higher than UE band-dependent RF noise floor. Even with more complicated system configuration emerging with the introduction of carrier aggregation (CA), we should stick to these principles to keep work load in RAN4 and RAN5 and test cost within acceptable level. It is becoming even more important considering ever increasing number of test cases with introduction of new features. 
 If we apply the same principles to CA demodulation test, we would be able to agree on following. 
· CA demodulation test cases need not cover all CA bandwidth combinations. The test cases can be considered sufficient if they are able to verify essential aspect of UE CA demodulation performance. 
· UE is required to pass CA demodulation test only in one CA band configuration. RAN4 needs to define a rule to select CA band and bandwidth configuration to run demodulation test. 
4.2. Category of CA demodulation test

 Table 2 and 3 classifies and lists all CA demodulation test defined in TS 36.101. According to the table, there are 5 different test categories with respective test purpose. Please note that, in RAN4 #66, it was agreed to add TM4 demodulation test and CQI periodic reporting test for FDD UE that can support 2x20MHz. 
Table 2: Summary of Rel-10 FDD CA demodulation performance requirements

	Test set
	Bandwidth
	MCS
	Propagation conditions
	Transmission mode
	UE category
	CA capability

	Normal CA demodulation performance requirements

	1
	2×10 MHz
	1/3 QPSK
	EVA5 1×2 Low
	TM1
	3-8
	CL_A-A

	
	2×20MHz
	1/3 QPSK
	EVA5 1×2 Low
	TM1
	5-8
	CL_A-A, CL_C

	2
	2×10 MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	3-8
	CL_A-A

	
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	5-8
	CL_A-A, CL_C

	3
	2×10 MHz
	1/2 16QAM
	EVA5 4×2 Low
	TM4 rank-2
	3-8
	CL_A-A

	
	2×20 MHz
	1/2 16QAM
	EVA5 4×2 Low
	TM4 rank-2
	3-8
	CL_A-A

	Soft buffer management tests

	4
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	3
	CL_A-A, CL_C

	5
	2×20MHz
	0.39 64QAM
	EVA5 2×2 Low
	TM3 LD-CDD
	4
	CL_A-A, CL_C

	Power imbalance

	6
	2×20MHz
	0.9 (max) 64QAM
	Static 1×2
	TM1
	5-8
	CL_C

	Sustained data rate

	7
	2×20MHz
	0.9 (max) 64QAM
	Static 2×2
	TM3
	6,7
	CL_A-A, CL_C

	CA CQI periodic reporting test

	8

	2×10 MHz
	Adaptive
	AWGN 1×2
	TM1
	3-8
	CL_A-A

	
	2×20 MHz
	Adaptive
	AWGN 1×2
	TM1
	3-8
	CL_A-A


Table 3: Summary of Rel-10 TDD CA demodulation performance requirements

	Test set
	Bandwidth
	MCS
	Propagation conditions
	Transmission mode
	UE category
	CA capability

	Normal CA demodulation performance requirements

	1
	2×20MHz
	1/3 QPSK
	EVA5 1×2 Low
	TM1
	5-8
	CL_C

	2
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	5-8
	CL_C

	3
	2×20 MHz
	1/2 16QAM
	EVA5 4×2 Low
	TM4 rank-2
	5-8
	CL_C

	Soft buffer management tests

	4
	2×20MHz
	1/2 16QAM
	EVA70 2×2 Low
	TM3 LD-CDD
	3
	CL_C

	5
	2×20MHz
	0.39 64QAM
	EVA5 2×2 Low
	TM3 LD-CDD
	4
	CL_C

	Power imbalance

	6
	2×20MHz
	0.9 (max) 64QAM
	Static 1×2
	TM1
	5-8
	CL_C

	Sustained data rate

	7
	2×20MHz
	0.9 (max) 64QAM
	Static 2×2
	TM3
	6,7
	CL_C

	CA CQI periodic reporting test

	8
	2×20 MHz
	Adaptive
	AWGN 1×2
	TM1
	3-8
	CL_C


4.3. Normal demodulation tests and CQI tests
For normal demodulation test and CQI test, we recommend following test configuration selection procedure. If UE supports both FDD and TDD, apply the procedure to FDD and TDD separately. 
· Among supported CA configurations supported by a UE, select one that has largest aggregated bandwidth. 

· If selected CA configuration supports 2x20MHz, run all normal demodulation tests for 2x20MHz. 2x10MHz test may be skipped. 

· If selected CA configuration does not support 2x20MHz, run all normal demodulation tests for 2x10MHz.

4.4. Soft buffer management test
Assuming that RAN4 will define additional soft buffer management test as proposed in section 2, we recommend following test case selection procedure. If UE supports both FDD and TDD, apply the procedure to FDD and TDD separately.
· Run soft buffer management test only to category 3 or category 4 UE. 

· Among supported CA configurations supported by a UE, select one that has largest aggregated bandwidth. 
· For category 3 UE, if largest bandwidth combination of selected CA configuration is 10MHz+15MHz, 10MHz+20MHz, 15MHz+20MHz or 2x20MHz, run soft buffer management test corresponding to the largest bandwidth combination. Otherwise, skip soft buffer management test. 

· For category 4 UE, if largest bandwidth combination of selected CA configuration is 10MHz+20MHz, 15MHz+20MHz or 2x20MHz, run soft buffer management test corresponding to the largest bandwidth combination. Otherwise, skip soft buffer management test.

4.5. Power imbalance test
 Power imbalance test is defined only for 2x20MHz of intra-band contiguous CA configuration. Maximum aggregated bandwidth of all intra-band contiguous CA configurations is 2x20MHz. Here, we need to consider that power imbalance test is designed to verify I/Q mismatch performance of single RF implementation of intra-band contiguous CA receiver. I/Q mismatch is RF characteristic that is dependent on operating RF band. Thus, it would be desirable to run power imbalance test in each of supported intra-band contiguous CA configuration. 
We recommend following test case selection procedure for power imbalance test. 

· If UE does not support intra-band contiguous CA, skip power imbalance test. 

· If UE supports intra-band contiguous CA, select all supported intra-band contiguous CA configuration. 
· Run 2x20MHz power imbalance test for all selected CA configurations. 
4.6. Sustained data rate test

Assuming that RAN4 will define additional sustained data rate test as proposed in section 2, we recommend following test case selection procedure. If UE supports both FDD and TDD, apply the procedure to FDD and TDD separately.
· For category 3 or 4 UE, apply single carrier 20MHz sustained data rate test irrespective of whether UE supports CA or not. 

· For category 6 or 7 UE, select one CA configuration that has largest aggregated bandwidth among supported CA configurations. 
· If largest bandwidth combination of selected CA configuration is 10MHz+15MHz, 10MHz+20MHz, 15MHz+20MHz or 2x20MHz, run sustained data rate test corresponding to the largest bandwidth combination. Otherwise, run single carrier 20MHz sustained data rate test. 
5. Conclusions
 In this contribution, we provided further analysis on the need for additional soft buffer management test and sustained data rate test. Also, we provided our recommendation on how to select CA configuration and bandwidth combination to run particular CA demodulation test. What we propose are
Proposal 1: For category 3 UE, define additional soft buffer management test for 10MHz+15MHz, 10MHz+20MHz and 15MHz+20MHz bandwidth combination. 

Proposal 2: For category 4 UE, define additional soft buffer management test for 10MHz+20MHz and 15MHz+20MHz bandwidth combination.

Proposal 3: Define additional sustained data rate test for 10MHz+15MHz, 10MHz+20MHz and 15MHz+20MHz for category 6 and 7 UE. If maximum CA bandwidth combination of category 6 or 7 UE is 2x10MHz, apply single carrier 20MHz test. 

Proposal 4: Consider CA configuration and bandwidth combination selection procedure for CA demodulation test provided in section 4 and send out LS to RAN5 based on it. 
We recommend taking these analysis and proposal into consideration in the discussion for bandwidth coverage of CA demodulation test. 
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