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1 Introduction
During RAN1 #67 meeting, whether to support multiple periodic CSI (P-CSI) in a subframe was discussed [1 – 11]. This is in order to avoid too much dropping of P-CSI in the case of a collision in the same subframe between P-CSI reports of different cells. In particular, in [5], we showed that excessive CSI dropping impacted the PDSCH throughput performance in a non-negligible manner. 

There were some other opinions during the discussion on the performance impact of P-CSI dropping [1] and on the necessity of P-CSI [3]. [1] showed little performance difference with long CSI report periodicity when UE speed is 3 km/h. However, as shown in [5] and also verified in this contribution, the performance loss is not negligible for UE speed as low as 10 km/h. [3] argued that in many cases, aperiodic CSI (A-CSI) can be used instead of P-CSI. Therefore the need to support multiple P-CSI in one subframe seems not necessary.  
In this contribution, we compare DL system performance between P-CSI reports on PUCCH and A-CSI reports on PUSCH to show the necessity of a PUCCH container for multi-cell P-CSI feedback. 

2 Simulation Results
In this section, we evaluate the downlink system performance of using short-periodicity P-CSI and long-periodicity A-CSI in different scenarios.  Simulation results are shown in Table-1 and 2 and the simulation assumptions are listed in Appendix-1.

Table-1: Performance comparison of P-CSI and A-CSI with different periodicity, 3 km/h UE speed
	3 km/h
	cell average
	cell edge

	
	bps/Hz
	Gain (%)
	bps/Hz
	Gain (%)

	PUCCH mode 1-1 5ms
	2.2953
	0
	0.0951
	0

	PUCCH mode 1-1 10ms
	2.2768
	-0.81
	0.0942
	-0.95

	PUCCH mode 1-1 20ms
	2.2517
	-1.90
	0.0921
	-3.15

	PUSCH mode 3-1 20ms
	2.4671
	7.48
	0.105
	10.41

	PUSCH mode 3-1 40ms
	2.3053
	0.44
	0.0972
	2.21

	PUSCH mode 3-1 60ms
	2.2234
	-3.13
	0.0896
	-5.78

	PUCCH mode 1-1 20ms +  PUSCH mode 3-1 60ms
	2.3399
	1.94
	0.0977
	2.73


Table-2: Performance comparison of P-CSI and A-CSI with different periodicity, 10 km/h UE speed
	10 km/h
	cell average
	cell edge

	
	bps/Hz
	Gain (%)
	bps/Hz
	Gain (%)

	PUCCH mode 1-1 5ms
	2.2563
	0
	0.0967
	0

	PUCCH mode 1-1 10ms
	2.2127
	-1.93
	0.0935
	-3.31

	PUCCH mode 1-1 20ms
	2.1001
	-6.92
	0.0847
	-12.41

	PUSCH mode 3-1 20ms
	1.9992
	-11.39
	0.0784
	-18.92

	PUSCH mode 3-1 40ms
	1.9257
	-12.97
	0.0724
	-22.57

	PUSCH mode 3-1 60ms
	1.8859
	-16.42
	0.0687
	-28.96

	PUCCH mode 1-1 20ms +  PUSCH mode 3-1 60ms
	2.0783
	-7.89
	0.0830
	-14.17


From Table-1 to Table 2, we observe that,
· In very low mobility (3 km/h), the performance loss caused by longer periodicity is not significant. Longer periodicity A-CSI on PUSCH also works well. 60 ms periodic A-CSI on PUSCH only causes about 3.13% performance loss at cell average and 5.78% at cell edge compared to 5 ms P-CSI on PUCCH.
· However, in low mobility (10 km/h), the performance loss caused by longer periodicity is not negligible at all. For example, the performance loss of 20 ms P-CSI comparing to 5 ms P-CSI is 6.92% at cell average, and about 12.41% at cell edge. For longer periodicity A-CSI feedback on PUSCH, the performance loss is even more significant, more than 10% at cell average and 18% - 28% at cell edge. One possible reason may be that the UE CSI feedback can not reflect the channel variation correctly as the mobile speed increases. It can also be seen that the performance of WB CSI feedback is better than SB CSI feedback in such case.
Considering the ITU-Advanced performance requirement, where the UE speed less than or equal to 10 km/h is the target to be optimized, neither longer periodicity of P-CSI nor A-CSI on PUSCH is plausible. Therefore, the transmission of multiple P-CSI should be supported as an enhancement in Rel-11. 
3 Further considerations
If multiple P-CSI transmissions in a subframe is supported, how many P-CSI reports and which container to use need to be considered. Three alternatives were proposed:

Alternative #1: PUCCH format 3;

Alternative #2: new PUCCH format, i.e., PUCCH format 3 with SF reduction.

Alternative #2: PUSCH.

Pros and cons of each solution had been extensively discussed in many contributions [11]

 REF _Ref319588173 \r \h 
[12]

 REF _Ref319588175 \r \h 
[13]

 REF _Ref319588455 \r \h 
[14]

 REF _Ref319588592 \r \h 
[15][16]. In our previous contribution [5], we had proposed to use PUCCH format 3 to support up to 2 P-CSI reports in a subframe for Rel-11, and further enhancement could be investigated in future release. 
For the specification impact, we think it may only affect the higher layer signalling. An RRC signalling to inform the UE to support multiple periodic CSI transmission is needed. And a PUCCH format 3 resource to be used for transmission is also needed to be configured by higher layer. 
4 Conclusion
In this contribution, we have evaluated the possibility of using A-CSI on PUSCH instead of P-CSI on PUCCH and confirmed the necessity of multiple P-CSI. In summary, we have the following observation and proposal:
· P-CSI cannot be replaced by A-CSI;

· Using PUCCH format 3 to support 2 periodic CSI reports in a subframe should be considered as a baseline.
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Appendix-1
	Parameters
	Assumptions

	Simulated TTI per Drop
	10000

	Carrier aggregation configuration
	1 CC

	Carrier frequency
	2.0 GHz

	Operating bandwidth
	10 MHz

	UE Speed
	3 km/h, 10 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
	7 ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE receiver

	HARQ Scheme
	IR
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