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1 Introduction
In the previous RAN4 meetings, the effects of CA on DL/UL demodulation requirements were analyzed in [1] and [2]. In sum, the acceptable baseline idea for the CA test is to reuse Rel-8/9 requirements in a ‘Building Block’ manner to speed up the RAN4 progress. However, there are some issues needing further study.
Firstly, there are a lot of transmission schemes supported by CA and channel models in Rel-8/9. The question is whether RAN4 should define the CA requirements for all (or most) of them, e.g. like that we did for DC-HSDPA. Secondly, there would be a number of component carriers (CC) bandwidth combinations for one CA scenario. In order to reduce the test number, some typical or ‘corner-test’ combinations should be chosen. Thirdly, there would be additional CA scenarios in the future. According to CA WI, the protocol specifications to support carrier aggregation shall be designed in a generic way, and able to support carrier aggregation scenarios that are introduced in later RAN4 Releases. 
Therefore, we think that a more flexible and scalable CA test method should be discussed. And keep in mind that the goal of RAN4 requirement design is to get a good coverage with the minimal number of test cases. Furthermore, the effects of RAN1 progress on ‘Building block’ reusing method will be analyzed.
2 Discussion

2.1 Generic test method for SCH
Two-class test
In our view, the purpose of CA demodulation test should be focused on verifying simultaneous receiving capability. We suggest dividing the whole CA test into two parts as following:
· Parallel test: verify the UE/BS capability of parallel receiving the signals on all the CC’s;
· Serial test: verify single-carrier performance, e.g. Rel-8/9 requirements, on each CC one by one.
Firstly, the parallel test could be viewed as a “stress” test to rule out poor UE/BS, which does not fully support all CC receiving simultaneously, e.g. due to lack of memory or low processing capability. But we do not think that we need to define the CA requirement per transmission mode and channel model. We just need selecting one or a few of typical Rel-8/9 requirements as the ‘Building block’ to build the parallel test, since all the Rel-10 CC’s are Rel-8/9 compatible.
Secondly, each single CC should be verified according to the Rel-8/9 requirements one by one, since every CC is Rel-8/9 compatible. The requirements for other new features, such as UL-MIMO, in Rel10 and later releases should be defined merely based on the single carrier. If required, they could be reused as ‘Building block’ for CA. 
Table 1 explains our idea further. For each CC, the basic requirements should be verified along the column. In this way, the basic demodulation performance could be guaranteed. But we do not need verify all the requirements along the row simultaneously. We just choose one or a small number of rows to cover the CA, e.g. as the row highlighted in the yellow texture in Table 1. Based on the two-class test, only a small number of parallel requirements should be defined in Rel10 for CA by RAN4.
Table 1 Possible requirement plane for CA Rel10 downlink (five CCs)
	CC1
	CC2
	CC3
	CC4
	CC5

	SIMO with different channel modes and MCS (Rel8)
	SIMO with different channel modes and MCS (Rel8)
	SIMO with different channel modes and MCS (Rel8)
	SIMO with different channel modes and MCS (Rel8)
	SIMO with different channel modes and MCS (Rel8)

	SIMO transmission with different channel bandwidths (Rel8)
	SIMO transmission with different channel bandwidths (Rel8)
	SIMO transmission with different channel bandwidths (Rel8)
	SIMO transmission with different channel bandwidths (Rel8)
	SIMO transmission with different channel bandwidths (Rel8)

	…
	…
	…
	…
	…

	CSI requirements (Rel8)
	CSI requirements (Rel8)
	CSI requirements (Rel8)
	CSI requirements (Rel8)
	CSI requirements (Rel8)

	Dual-layer BF (Rel9)
	Dual-layer BF (Rel9)
	Dual-layer BF (Rel9)
	Dual-layer BF (Rel9)
	Dual-layer BF (Rel9)

	DMRS based MIMO (Rel10)
	DMRS based MIMO (Rel10)
	DMRS based MIMO (Rel10)
	DMRS based MIMO (Rel10)
	DMRS based MIMO (Rel10)

	…
	…
	…
	…
	…


Requirement per CA scenario
For UL, it was agreed that for CA throughput performance testing, per Rel-8 carrier tests will be reused and the final throughput will be calculated as sum of throughputs achieved on each UL carrier [1]. The DC-HSUPA way would be followed. But DC-HSUPA is different from LTE-A CA. The CC bandwidths of DC-HSUPA would be the same. Thus the relative throughput of each CC approaches 70% at the same SNR. For CA, if the CC’s bandwidths are different, the CC’s might reach 70% of max throughput at the slightly different SNRs in principle.

For DL, a 10MHz-Rel-8-requirements-based test method was proposed in the manner of mapping the Rel-8/9 requirement of B to those of N×B [2]. The advantage of this method is that 70% relative throughput requirement can be set at one SNR point. One disadvantage would be that in intra-band contiguous CA 10MHz bandwidth would not be a typical configuration and 20MHz is. Using N×10MHz requirements could not serve as a good stress test for N×20MHz CA scenario and the performance of partial 10MHz would be a little different from full PRB allocation. The other is that CA with 5MHz bandwidth CC could not be precluded in future releases. If 5MHz bandwidth is used in future CA scenario, e.g. in the inter-band CA, N×10MHz method could not cover that scenario.
Therefore, we suggest defining the demodulation requirements with respect to CA scenarios instead of trying to get a universal one. And we suggest choosing a typical or extreme bandwidth combination as ‘Building block’. Firstly the typical CC bandwidths would be imbalance in a given CA scenario and using typical combination would help forming a corner test. Secondly, the additional requirement number using two-class test method for a given CA scenario would not be large. 
Building block
In our view, a good ‘Building block’ should have the following features:

· The blocks could be some kind of corner tests based on single carrier;
· The good reused ‘Building block’ should cover all the possible Rel-8 bandwidths.

In this way, the performance for all CA scenarios could be aligned in the same transmission scheme and channel model.
For DL demodulation performance, the test case (case 2.x) named as ‘SIMO transmission with different channel bandwidths’ of [3] might be a good choice, as shown in Table 2. Except for 2.1, the MCS is 64QAM 3/4 for all bandwidth. And thanks to the great effort for UE cateogry1, a lot of partial bandwidth allocation requirements are also defined, which would bring some flexibility and scalability for handling CA UE category coverage issue (If the CSI requirements for CA are required, one Rel-8 CSI requirement can be picked as the block to build the whole requirements).
For UL demodulation requirements, the requirements of the PUSCH are defined for all possible bandwidths. So it would be simple to choose the corner test case as the ‘building block’. Thus the requirements with assumption of 5/6 64QAM EVA5 4Rx and different bandwidths could be reused.
As a result, firstly the typical CC bandwidth combination should be chosen and then the corresponding ‘Building block’ requirements are selected according the above rule. The possible disadvantage is that the different bandwidth might correspond to different SNR test points. The test metric needs clarification.
Table 2 Test cases for SIMO transmission with different channel bandwidths
	Scenario
	Description
	Reference channel
	Propagation model
	Antenna correlation
	Verification point
	Requirements in TS36.101

	2.1
	1x2 QPSK 1/3 1.4MHz
	R.4
	EVA5
	Low
	70% tp
	-0.5dB

	2.2
	1x2 64QAM 3/4 3MHz
	R.5
	EVA5
	Low
	70% tp
	17.6dB

	2.3
	1x2 64QAM 3/4 5MHz
	R.6
	EVA5
	Low
	70% tp
	17.4dB

	1.8
	1x2 64QAM 3/4 10MHz
	R.7
	EVA5
	Low
	70% tp
	17.7dB

	2.4
	1x2 64QAM 3/4 15MHz
	R.8
	EVA5
	Low
	70% tp
	17.7dB

	2.5
	1x2 64QAM 3/4 20MHz
	R.9
	EVA5
	Low
	70% tp
	17.6dB


CA test metric

For Rel-8/9, the DL/UL performance is determined by the SNR for which a certain relative information bit throughput of the reference measurement channels is achieved. 
But for CA, for example, assume the DL aggregation scenario with bandwidth of 20MHz +15MHz. We use the test cases given in Table 2 as the building blocks. A SNR set denoted as {SNR_20, …, SNR_5}, where SNR_x means the SNR under xMHz bandwidth, could be used. Since the requirements for 15MHz and 20MHz are similar, one simplified way is using the maximum value within the SNR set as the required SNR. Because each CC will be tested in the ‘single-carrier test’ according to existing RAN4 Rel-8/9 requirements, this kind of simplification will not jeopardize the CA requirement.
CA UE category coverage

The UE category issue is a hot spot in RAN1 and RAN4 currently. But this issue is still FFS. Thanks to the effort for low UE category demodulation requirements, there are a lot of test cases in TS36.101 with partial bandwidth allocation related to the test case2 in Table 2, i.e., our proposed ‘Building block’.
2.2 Test method for control channel
For DL control channel, the ideal way is to use the same method proposed for SCH. But in Rel-8/9, most test cases, such as PDCCH/PCFICH, PHICH are based on 10MHz bandwidth. For CA test cases, a lot of CCs utilize the bandwidth larger than 10MHz. In PDSCH test procedure, actually UE needs demodulate PDCCH/PCFICH firstly and then demodulate PDSCH. Thus to some extent, the parallel PDCCH/PCFICH demodulation capability in CA scenario can be guaranteed.
For UL control channel, the new requirements are needed for Rel-10 ACK/NACK transmission scheme on PUCCH, including DFT-s-OFDM and etc if possible. The discussion will be included in another contribution.
2.3 Some Impacts of RAN1 conclusions
Among all the RAN1 progress, the following features are identified to have potential effect on RAN4 UL/DL demodulation requirements in our view.
· Cross-carrier scheduling. 

For DL, the new agreement is that RRC signalling is used to resolve cross-carrier PCFICH errors causing HARQ buffer corruption. So no new PCFICH requirements are needed for cross-carrier scheduling. 
In our view, RAN4 do not need to define requirements under the cross-carrier scheduling scenario. Firstly, the cross-carrier scheduling is mainly a solution for HetNet scenario. To emulate HetNet scenario would be a little complicated. Secondly, the goal of RAN4 performance requirement is to verify the basic demodulation capability. In a sense, non-cross-carrier scheduling scenario could be sufficient for the minimum RAN4 requirements. Thirdly, it was agreed in [1] that for CA the fading of the signals for each carrier shall be independent irrespective of the resource allocation scenario. If cross-carrier scheduling is used, the PDCCH error effect on the cross-scheduled PDSCH performance need to be re-evaluated, since different CC’s undergo independent fading channels, which also leads to complexity.
For UL, no impacts are foreseen.
· Resource allocation

If frequency-non-contiguous resource allocation (RA) was included, the ‘Building block’ re-using methodology would be challenged, since the full RB and single RB test method are used for Rel-8/9. Secondly, the channel estimation capability for frequency-non-contiguous RA could be covered in the single-RB based test to some extent. Furthermore, according to RAN plenary conclusions, it was decided that frequency-non-contiguous resource allocation is low priority in RAN4. So we suggest not including frequency-non-contiguous RA in CA test.

· Rel-10 ACK/NACK transmission scheme on PUCCH

This topic is still open in RAN1. Both ACK/NACK bundling and multiplexing are being discussed in RAN1. For DL, these schemes might have potential impacts on PDSCH demodulation performance. If the ACK/NACK feedbacks for different CC’s are coupled to some extent, the reusing method can not be employed directly. So we need choosing the ACK/NACK feedback scheme and designing the test carefully for PDSCH. The ideal feedback should be in the independent manner for every ACK/NACK feedback.
For UL, because new scheme is introduced in CA, new performance requirements should be needed. But the detailed discussion is beyond the scope of this paper, since RAN1 does not reach the conclusion.
· RAN plenary conclusions
The multiple TA related issues was removed from Rel10 according to the updated conclusion from RAN plenary. So we do not need corresponding CA requirements. With regards to FDD UL, work on intra-band aggregation should be prioritised in RAN4 till March 2011. So we should concentrate on intra-band CA scenarios for UL.
3 Conclusions
In our view, the purpose for CA demodulation test should be focused on verifying the UE/BS capability of simultaneous receiving all the CC’s. 
Firstly the two-class test method composed of parallel test and serial test is proposed. The parallel test serves as a “stress” test, where UE would perform demodulation of all CCs simultaneously. The serial test can ensure good behaviour of each CC with different transmission modes and bandwidth configuration. And only parallel test requires the new defined RAN4 requirements, which could be built by reusing Rel-8/9 requirements in a ‘Building block’ manner. 
Secondly, the requirements are suggested being defined per CA scenario in order to form a good corner test and get a good coverage. At least several requirements should be defined for a number of typical bandwidth combination for the existing CA scenarios.

Thirdly, for PDCCH and other control channels, no new requirements for CA are suggested.
Finally, the possible effects of RAN1 and RAN progress on CA reusing methodology are analyzed. We suggest not including cross-carrier scheduling scenario and frequency-non-contiguous RA into the CA simulation framework. And we need to be careful to handle ACK/NACK feedback when reusing Rel-8/9 requirements for CA.
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