3GPP TSG RAN WG1 Meeting #67                                                                             R1-113756
San Francisco, USA, 14th - 18th November 2011
Source:
ZTE

Title:                   Support of multiple periodic CSI in a subframe
Agenda Item:
7.2.1.2
Document for:
Discussion and Decision
1 Introduction
In RAN1 #66bis meeting, potential UL control signalling issues for consideration include:
· Multiple periodic CSI in a subframe

· Periodic CSI + HARQ-ACK in a subframe

· Periodic CSI + SRS in a subframe

· Simultaneous PUSCH +SRS

· HARQ-ACK bundling 

It is also suggested to aim to decide at RAN1#67 which issues to pursue, based on evaluations of the gain and the trade-off analyses, including for scenarios with >2 aggregated CCs. In this contribution, we focus on the first issue of multiple periodic CSI in a subframe.

2 Discussions
In RAN1 #66bis meeting, support of multiple periodic CSI in a subframe is proposed by many contributions. A common view is that due to the increased number of serving cell being aggregated and the application of CoMP, the periodicity of CSI will increase significantly if TDM approach is applied for different serving cells to avoid collision, and thus will cause the DL throughput degradation.
Whether to support multiple periodic CSI in a subframe, the following issues need to be addressed:

1) The need to support multiple CSI in a subframe should be justified.

2) How many CSI reports can be supported in a subframe?

3) How to support multiple CSI report in a subframe?
2.1 The need to support multiple CSI in a subframe
Assuming the same PUCCH overhead for periodic CSI on Pcell, the periodicity of CSI for each activated serving cell will increase accordingly, as mentioned in [3] and also illustrated in Figure 1. For instance, for a UE configured with 5 serving cells and 5 ms CSI report periodicity, the periodicity of each serving cell will be increased to 25 ms if as in Rel-10.
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Figure 1 Configuration of Rel-10 periodic CSI reporting with TDM approach
In [2], we have given the performance comparison for different CSI periodicity. In this section, we update the simulation results for more CSI periodicity. Table 1 and 2 show the downlink system performance and the relative performance loss of extended CSI report periodicity if TDM approach were applied. Simulation assumptions are listed in Appendix-1. 
Table 1: Spectral efficiency (bps/Hz) with different extended CSI periodicity, 5 ms original CSI report periodicity
	
	5 ms
	10 ms
	15 ms
	20 ms
	25ms

	Cell average
	1.8397
	1.8334
	1.7772
	1.7669
	1.7541

	Loss
	-
	0.35%
	3.41%
	3.96%
	4.65%

	Cell edge
	0.0713
	0.0681
	0.0628
	0.0622
	0.0592

	Loss
	-
	4.39%
	11.80%
	12.70%
	16.28%


Table 2: Spectral efficiency (bps/Hz) with different extended CSI periodicity, 10 ms original CSI report periodicity
	
	10ms
	20 ms
	30 ms
	40 ms
	50ms

	Cell average
	1.8334
	1.7669
	1.7482
	1.7468
	1.7520

	Loss
	-
	3.63%
	4.65%
	4.72%
	4.44%

	Cell edge
	0.0681
	0.0622
	0.0587
	0.0574
	0.0572

	Loss
	-
	8.65%
	13.79%
	15.67%
	16.09%


From Table 1 and 2, it is observed that as the number of aggregated serving cell being increased, the performance loss of extended CSI report periodicity increase as well. For the scenarios considered typical in Rel-11 (i.e. more than two serving cells), more than 10% loss on cell edge is not negligible. 
If DL CA combined with DL CoMP, the extended CSI report periodicity will increase even larger. Significant performance loss is expected for such case. Therefore, from the downlink performance point of view and the typical scenarios Rel-11 considered, we suggest simultaneous transmission of multiple CSI reports shall be supported in Rel-11. 
2.2 How many CSI reports should be supported in a subframe
If multiple CSI reports in a subframe is supported, then we need to decide how many CSI reports should be supported. Take 4 CC scenario as an example, we consider three configurations as shown in Figure 2:
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Figure 2 Example configurations of periodic CSI reporting for 4 CCs
From Table 1 and 2, we find that the performance loss of configuration (b) comparing to configuration (a) is about 0.35% and 4.3% for cell average and cell edge respectively, while the performance gain of configuration (b) over configuration (c) is about 3.76% and 9.47% for cell average and cell edge, which are also shown in Table 3.
Table 3: Spectral efficiency (bps/Hz) and relative performance comparison: (left: a and b) (right: b and c)
	
	(a)
	(b)
	
	
	(b)
	(c)

	Cell average
	1.8397
	1.8333
	
	Cell average
	1.8333
	1.7669

	(b) loss to (a)
	
	0.35%
	
	(b) gain over (c)
	3.76%
	

	Cell edge
	0.0713
	0.0682
	
	Cell edge
	0.0682
	0.0623

	(b) loss to (a)
	
	4.39%
	
	(b) gain over (c)
	9.47%
	


We think configuration (b) achieve a good trade-off between uplink control overhead and downlink throughput performance. Therefore, 2 CSI reports in a subframe may be a reasonable choice. Figure 3 is an example of configurations of periodic CSI report for different number of serving cell being configured if 2 periodic CSI report in a subframe is supported. When the number of aggregating serving cell is 2, the same periodicity for each serving cell as non-CA case can be maintained if 2 CSI report in a subframe is supported. It may double the periodicity of each serving cell when the number of aggregating serving cell is 3 or 4. For 5 CC, configuring different subframe offset may also be considered in addition. 
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Figure 3 Example configurations for 2 periodic CSI reporting in a subframe
2.3 How to support multiple CSI report in a subframe
In the last meeting, some contributions proposed to use PUCCH format 3 as a baseline to support multiple CSI report. If at most 2 periodic CSI report in a subframe is agreed to be supported in Rel-11, PUCCH format 3 is the most promising candidate scheme. The maximum payload that PUCCH format 3 can support is 22 bits, which is the same as the maximum payload of 2 periodic CSI reports. We can simply concatenate the 2 CSI reports and then joint encode them. 
3 Trade-off analysis
For the proposal of using PUCCH format 3 to support 2 periodic CSI report in a subframe, the trade-off analysis can be provided as follow.

· Application scenario:  for UEs aggregating relatively larger number of serving cell and good PUCCH geometry.

· Potential benefits:

· Avoid frequent CSI dropping;
· Good trade-off between uplink control overhead and downlink throughput performance.
· Specification impact:

· On RAN1:  little specification on the coding of multiple CSI report;
· On RAN4: performance test on 2 CSI reports on PUCCH format 3 is required.

4 Conclusion
In this contribution, we discuss some issues related to multiple CSI reports in a subframe. In summary, we propose:
· multiple periodic CSI reports in a subframe shall be supported;
· 2 periodic CSI reports in a subframe should be considered as a baseline, further enhancement is FFS;
· PUCCH format 3 to support 2 periodic CSI reports in a subframe should be considered as the baseline.
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Appendix-1
	Parameters
	Assumptions

	Simulated TTI per Drop
	6000

	Carrier aggregation configuration
	1 CC

	Carrier frequency
	2.0 GHz

	Operating bandwidth
	10 MHz

	UE Speed
	30 km/h

	UE number per Cell
	10

	Channel model
	3GPP Case 1 with 500m ISD

	Traffic model
	Full buffer

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB
Receiver: 2Rx cross-polarized antenna at UE
SU-MIMO

	Link adaptation
	With rank adaptation, AMC, 8 HARQ process with maximum 4 re-transmissions

	Delay for scheduling and AMC
	7ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE receiver

	HARQ Scheme
	IR
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