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1 Introduction
In the last RAN4 meeting, the way forward for CA demodulation was agreed as following [1]:

·      The target completion data for the initial phase requirements is RAN4#59 (May 2011);

·      The PDSCH verification scenarios are based on 10+10 and 20+20 MHz bandwidth combinations i.e. combinations with unequal channel bandwidths are not considered.

·      No additional scenarios are specified for the verification of control channel performance;

·      The CA configurations listed in the RAN1 LS (R4-103767) are prioritized in the design of the test cases;

·      Up to 2 component carriers are considered in the design;

·      Up to 2 MIMO layers are considered in the design;

·      UE categories 1 and 2 do not need to be covered;

·      The following aspects are covered by the initial requirements (the actual test cases are TBD).

·      Single antenna port (1x2) performance using transmission mode 1

·      Dual-layer MIMO (N_tx x 2) performance using transmission mode X (TBD)

·      The UE’s ability to process the received packets in a sustained manner assuming a data rate close to the maximum enabled by the UE category, number of MIMO layers and CA bandwidth combination.
The open issues are:
·      Test cases for the single antenna port transmission in TM1: test setup and coverage of the UE categories;

·      Test cases for the dual-layer transmission: transmission mode, test setup and coverage of the UE categories;

·      Test cases for the sustained data rates: selection of the test cases based on the configurations listed in R4-0103767 and considering the working assumptions 2, 4, 5, 6, 7 for additional constraints.

·      Verification of the UE’s peak capability with 2 component carriers: sustained data rate verse demodulation tests;

·      Scalability of the single-carrier requirements to 2 component carriers: impact of the frequency error;

·      Channel feedback requirements for CA: need for new requirements to be analysed based on RAN1 decisions.
In this paper, firstly we will give the demodulation test cases to cover different transmission mode and UE categories and sustained data rate test. Secondly we shall discuss the scalability of the single-carrier requirements. Thirdly we will consider the RAN1 decision for the channel feedback and analyze whether the new requirements would be needed. Finally we will analyze the CSI requirements for CA.
2 Demodulation test cases
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.

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;

· TDD 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. And in the last RAN4 meeting, it was agreed that 2Rx will be used as baseline and the test method of the existing TDD DMRS port7 and port8 will be used. And the following table will be used to build the CA test scenarios. 

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]


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. The hint that we can get from the UE category tables would be that 20MHz+20MHz or 10MHz+10MHz are mainly used in multiple layer transmission modes. Therefore we propose that

Proposal 1: 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.

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 [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. And in the last RAN4 meeting, it was suggested that the test method of DL-BF might be reused for eDL-MIMO. In Table 2 through Table 4, we give the proposed test cases. For eDL-MIMO, the details depend on the discussion in eDL-MIMO performance part.
Table 2 SIMO transmission (FDD/TDD)
	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


Table 3 Closed-Dual-layer transmission based on CRS (FDD/TDD)
	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


Table 3 Open-loop Dual-layer transmission based on CRS (FDD/TDD)
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point

	CA.13
	2x2 16QAM 1/2 10MHz+10MHz MCW 
	TBD
	EVA70
	Low
	70% tp

	CA.14
	2x2 16QAM 1/2 20MHz+20MHz MCW
	TBD
	EVA70
	Low
	70% tp

	CA.15
	4x2 16QAM 1/2 10MHz+10MHz MCW
	TBD
	EVA5
	Low
	70% tp

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


Table 4 Dual layer transmission DMRS (depending on the discussion related to eDL-MIMO) 
	Scenario
	Description
	Reference channel
	Precoding granularity
	Propagation model
	Antenna correlation
	Verification point

	CA.17
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	CA.18
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	…
	
	
	
	
	
	


And we can use 10MHz+10MHz with full PRB or partial PRB allocations to cover Category 3 to 7 and use 20MHz+ 20MHz with full or partial PRB allocations to cover Category 6 to 8.
And there are some new 20MHz requirements that could not exist in the current TS36.101 for reusing. But in some low delay spread channels, the gap between the requirements of 10MHz and 20MHz would be small. So we might reuse 10MHz for 20MHz bandwidth for some cases. In that way we can speed up the progress.
3 Scalability of the single-carrier requirements

It was proposed that frequency error would affect the reuse of the existing requirements in [1]. But in our opinion the frequency error is mainly caused by different local oscillators for various CC branches for intra band CA. But in actual BS, when only two CC aggregated, for example, all the CC’s are mixed with the same local oscillator. And although the different local oscillators are used, there are guard bands between adjacent CC’s. So when the frequency error is not very large (e.g. 100Hz) compared with 15 kHz, the effect of ICI between different CC’s would be small. Therefore the requirements would be scalable.
4 Conclusions
In this paper, we give our view on PDSCH test cases and the proposals are listed in Table 2 to Table4.
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