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1 Introduction
Although all the carrier components were Rel-8 compatible, it would still be difficult to design the CA performance requirement to cover all the test cases, because there are quite a lot of combinations of operating bands, bandwidths, supported transmission layers on each CC, transmission modes, and etc. Therefore trade-off between the test case number and coverage would be needed.
The typical CA deployment scenarios identified for the initial CA study in Rel-10 and the bandwidth class defined in RAN4 could be used to reduce the test cases. Furthermore, the new UE category with typical combinations of bandwidth and multiple transmission layer number on each CC could be used as a guide.
In order to be scalable for the future CA cases, the method of reusing single-carrier requirements to build CA tests could be beneficial. But the existing Rel-8 requirements might be insufficient for that purpose and new requirements would be needed.
This contribution tries to focus on PDSCH demodulation performance and give some analysis on how to obtain the good trade-off mentioned above.
2 Discussion

2.1 Bandwidth class and CA deployment scenarios
The bandwidth classes for CA are given in 5.6.A-3 in TR36.807 as shown in below. In our opinion, the bandwidth class in CA would be equivalent to the bandwidth in non CA cases. Currently Class A~C are well defined.
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]


The CA bandwidth combinations from UE side are listed as following. 
Table 5.6.1A-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

	Note1: Combinations of component carriers with unequal channel bandwidth should be considered. The maximum number of CCs for combination is two.


Table 5.6.1A-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
	
	


For CA_40C Rel-10 UE would typically support the following bandwidth combinations, i.e. 10MHz+15MHz, 10MHz+20MHz, 15MHz+20MHz and 20MHz+20MHz (without duplicate counting). For CA_1C, Rel-10 UE seems could support 15MHz+15MHz, 15MHz+20MHz and 20MHz+20MHz three combinations. And for CA_1A-5A, it seems that 10MHz+10MHz should be supported in high priority. From performance test perspective, there would be little different between 10MHz+15MHz and 15MHz+10MHz.
We do not think that all the combinations should be tested, since if UE can support bandwidth class C then even when the maximum bandwidth for one CA deployment scenarios is 30MHz, UE must have the capability of 40MHz. So we could take 20MHz+20MHz as the corner (maximum) case for bandwidth Class C, which could be used for both CA_40C and CA_1C and even for future intra-band contiguous CA cases with bandwidth Class C, since the bandwidth class is defined in the multiple of 20MHz. On the other hand, because only 10MHz is supported in CA_1A-5A currently and moreover according to the Annex A2~A4 of TS36.807 the combination of 10MHz+10MHz is widely used for other CA scenarios selected by operators, we take 10MHz+10MHz as the other typical case. In that way, for Rel-10 we selected two bandwidth combinations to reduce the test case number. For 10MHz, there are a lot of Rel-8/9 requirements but for 20MHz some new requirements would be needed.
Proposal 1: the bandwidth combination of 20MHz+20MHz and 10MHz+10MHz are suggested to be highly prioritized for Rel-10 DL CA performance requirements.
2.2 CA PDSCH demodulation Requirements
In order to be scalable for the future CA cases, the method of reusing single-carrier requirements to build CA tests could be beneficial and efficient. But the existing Rel-8 requirements might be insufficient for that purpose and new requirements would be needed. However, because the prioritized bandwidth combinations is 10MHz+10MHz or 20MHz+20MHz, it would be unnecessary to define new RAN4 requirements for single carrier, and on the contrary do the simulation on single carrier and define the requirements for the bandwidth combination using the multiple of the single-carrier throughputs as test metric.
Proposal 2: Reuse 10MHz existing Rel-8 requirements to build 10MHz+10MHz CA requirements and define new requirements for 20MHz+20MHz (but only simulation based single-carrier is expected).
The other alternative solution is to use partial 10MHz allocation at 20MHz bandwidth and reuse the existing Rel-8 requirements for it. But as stated in [1] the performance requirements of partial 10MHz allocation would be a little different from 10MHz requirements due to not undergoing channel estimation loss caused on the bandwidth edge and different subband granularity. Besides, partial 10MHz allocation could not verify the maximum receiving capability of UE. So although we do not preclude the case where the gap between partial 10MHz and 20MHz might be small, we suggest being careful to reuse 10MHz performance with partial allocation for 20MHz bandwidth.
The performance requirements for non-CA cases include:
· Single port performance with full and single RB allocation and different MCS under multi-path channel models;
· Transmit diversity;

· Open loop multiplexing (LD-CDD);

· Closed loop multiplexing with single layer and multiple layer;

· Single port 5 DRS;

· DMRS port7 and port8 for single user with single layer or multiple layers and for multiple user;

The above are the existing Rel-8/9 requirements. And for Rel-10 eDL-MIMO requirements should be added. Before discussing the detail, some content from RAN1 LS might need to be highlighted as below. We just copy the DL part. Some combinations of bandwidth and MIMO transmission on each CC’s are stressed by RAN1 as the alternative implementation ways for the certain UE category. For example, for UE category 7 the combination of 10MHz with four layer transmission and 20MHz with two layer transmission would be feasible. That might be the reason why CA and eDL-MIMO performance requirements were suggested to be combined into one section for study. 

Layers/CA combinations of interest (Rel-8/9 UE categories DL)
	UE category
	DL CA capability [#CCs/BW(MHz)]
	DL layers 
[max #layers]

	Category 1
	
	

	Category 2
	
	

	Category 3
	1/20 MHz
	2

	
	2/10+10 MHz
	2

	Category 4
	1/20 MHz
	2

	
	2/10+10 MHz
	2

	Category 5
	
	


Layers/CA combinations of interest (New Rel-10 UE categories DL)
	UE category
	DL CA capability [#CCs/BW(MHz)]
	DL layers 
[max #layers]

	Category 6
	1/20MHz
	4

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 7
	1/20MHz
	4 

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 8
	[2/20+20MHz]
	[8]


The other hint that we can get from the UE category tables would be that 20MHz+20MHz or 20MHz+10MHz are mainly used in new UE categories from UE Category 6 to Category 8 and 20MHz bandwidth are primarily used in multiple layer transmission modes. Therefore we propose that
Proposal 3: The performance requirements for CA combined with multi-layer transmission would be prioritized especially for the cases including 20MHz bandwidth. And RAN4 could choose the typical scenarios considering the implementation ways for the UE categories.
But we can postpone the detailed study on the combination scenarios of CA and eDL-MIMO until the decision on UE category is made.

Regarding transmit diversity and transmission mode 6, we think that these modes are mainly used for lower SNR region where the performance is SNR-limited. On the contrast, CA frequently works in bandwidth-limited scenarios where SNR is quite high. So CA combined with multiple layer MIMO transmission would be more relevant.
Regarding single port performance, we think that it would be more robust transmission mode that can be fallen back to. And since there are already some Rel-8 requirements for 20MHz, it would be convenient to form the single port requirements for CA cases.
In Table 1, we summarize the observation of the CA impact on the existing performance requirements. As stated in [1, 2], the feedback of HARQ and CSI would have some effect on reusing the single-carrier requirements especially for TDD and PMI. But some method could be used for this problem, e.g., reducing coupling of feedback or adding the additional relaxation. The details are FFS.
Table 1 CA PDSCH demodulation requirements

	No.
	TM
	Comments

	1
	Single port SIMO
	· Reuse the existing Rel-8 10MHz and 20MHz requirements for CA full and single RB tests. 

	2
	Transmit diversity (2Tx and 4Tx)
	· Low priority for CA test 

	3
	Open loop spatial multiplexing
	· Reuse the existing Rel-8 10MHz requirements for CA full and single RB tests.
· There are no existing requirements for 20MHz. New 20MHz requirements would be defined based on single carrier and then reused for CA tests.

	4
	Closed loop spatial multiplexing (2Tx and 4Tx)
	· For rank=1, low priority for CA test;

· For rank>1, Reuse the existing Rel-8 10MHz requirements for CA full and single RB tests.
· For rank>1, there are no existing requirements for 20MHz. New 20MHz requirements would be defined based on single carrier and then reused for CA tests.

	5
	Single port 5 
	· Low priority for CA test, due to single layer transmission

	6
	Rel-9 DMRS requirements
	· For rank=1, low priority for CA test;

· For rank>1, Reuse the existing Rel-8 10MHz requirements for CA full and single RB tests.
· For rank>1, there are no existing requirements for 20MHz. New 20MHz requirements would be defined based on single carrier and then reused for CA tests.

	7
	eDL-MIMO
	· For rank=1, low priority for CA test;

· For rank>1, New 10MHz and 20MHz requirements would be defined based on single carrier and then reused for CA tests.
· The effect of coupling of PMI feedback needs to be investigated.

And the typical scenarios for single-carrier requirements would include
· 20MHz (2 layers);

· 20MHz (2 layers);

· 10MHz (4 layers) ;
And all or part of the combination scenarios in UE category tables should be used.


Among them, open and closed loop MIMO with multiple layer transmission and eDL-MIMO modes are suggested in higher priority for CA requirements. Thus the following single carrier requirements should be defined as the first step:
· 20MHz 2Tx/4Tx LD-CDD;

· 20MHz 2Tx/4Tx closed-loop MIMO rank>1;

· 20MHz 2Tx/4Tx/[8Tx] eDL-MIMO rank =2 and rank = 4;

· 10MHz 2Tx/4Tx/[8Tx] eDL-MIMO rank =2 and rank = 4;

Then these single carrier requirements could be reused to build the CA test cases. And in Annex we try to give the whole figure of CA requirements for Rel-10.
2.3 Test method and implementation margin
During the test, all the CC’s are transmitted and received simultaneously. Since the ACK/NACK of each CC could be viewed as independent feeding back, the single carrier requirement could be applied to each CC’s. One problem would occur when the transmission modes or bandwidths are different between CC’s. In that case, the SNR requirement points would be different for each CC. One solution would be to apply the different signal power boosting to each CC before hybrid and noise generator, and apply the same noise level. The other one would be to add different white noise to each CC while maintaining the same signal level.
The other thing would be additional implementation margin due to the insertion loss caused by a certain antenna configuration. But the value of the margin is FFS.
3 Conclusions
In this paper, the typical scenarios and new requirements for CA case are identified. And we still suggest reusing single-carrier requirements to build CA requirements, which would bring some flexibility and scalability. We have three proposals:

Proposal 1: the bandwidth combination of 20MHz+20MHz and 10MHz+10MHz are suggested to be highly prioritized for Rel-10 DL CA performance requirements.

Proposal 2: Reuse 10MHz existing Rel-8 requirements to build 10MHz+10MHz CA requirements and define new requirements for 20MHz+20MHz.
Proposal 3: The performance requirements for CA combined with multi-layer transmission would be prioritized especially for the cases including 20MHz bandwidth. And RAN4 could choose the typical scenarios considering the implementation ways for the UE categories.
The impacts of CA on the performance requirements under different transmission modes are analyzed in Table1. Only 20MHz need re-simulation. We hope that results would be helpful for the designing the CA performance requirements.
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5 Annex (CA demodulation performance framework)

In this section, we just give an example on the whole figure of the CA performance requirement framework. Not a lot of new requirements would be added.
SIMO transmission

	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	CA.1
	1x2 QPSK 1/3 10MHz+10MHz
	TBD
	ETU70
	Low
	TBD

	CA.2
	1x2 16QAM 1/2 10MHz+10MHz
	TBD
	EVA5
	Low
	TBD

	CA.3
	1x2 64QAM 3/4 10MHz+10MHz
	TBD
	EVA5
	Low
	TBD

	CA.4
	1x2 QPSK 1/3 20MHz+20MHz
	TBD
	ETU70
	Low
	TBD

	CA.5
	1x2 16QAM 1/2 20MHz+20MHz
	TBD
	EVA5
	Low
	TBD

	CA.6
	1x2 64QAM 3/4 20MHz+20MHz
	TBD
	EVA5
	Low
	TBD

	CA.7
	1x2 16QAM 1/2 10MHz+10MHz 1PRB
	TBD
	ETU70
	Low
	TBD

	CA.8
	1x2 16QAM 1/2 20MHz+20MHz 1PRB
	TBD
	ETU70
	Low
	TBD


Dual-layer transmission with channel dependent precoding (Rel-8)
	Scenario
	Description
	Reference channel
	Precoding granularity
	Propagation model
	Antenna correlation
	Verification point

	CA.9
	2x2 16QAM 1/2 10MHz+10MHz MCW 
	TBD
	TBD
	EVA5
	Low
	70% tp

	CA.10
	2x2 16QAM 1/2 20MHz+20MHz MCW
	TBD
	TBD
	EVA5
	Low
	70% tp

	CA.11
	4x2 16QAM 1/2 10MHz+10MHz MCW
	TBD
	TBD
	EVA5
	Low
	70% tp

	CA.12
	4x2 16QAM 1/2 20MHz+20MHz MCW
	TBD
	TBD
	EVA5
	Low
	70% tp

	…
	
	
	
	
	
	


Rel-9 DMRS requirements
…
eDL-MIMO requirements
	Scenario
	Description
	Reference channel
	Precoding granularity
	Propagation model
	Antenna correlation
	Verification point

	CA.x0
	4x4 16QAM 1/2 10MHz+10MHz four layer MCW 
	TBD
	TBD
	EVA5
	Low
	70% tp

	CA.x1
	[4x4 16QAM 1/2 20MHz two layer MCW + 4x4 16QAM 1/2 10MHz four layer MCW]
	TBD
	TBD
	EVA5
	Low
	70% tp

	…
	
	
	
	
	
	











