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1 Introduction

In the RAN1 #67 meeting, whether to enable transmission of multiple periodic CSI in a subframe and to enable transmission of periodic CSI and HARQ-ACK in a subframe were discussed, and it was concluded that the impact of CSI dropping with the consideration of possibility of using aperiodic CSI should be further considered. 
In this paper, evaluation on the impact of periodic CSI dropping and discussion on using aperiodic CSI will be provided. Based on the evaluations and discussion, it is proposed that both transmission of multiple periodic CSI in a subframe and transmission of periodic CSI and HARQ-ACK in a subframe should be supported in Rel-11.

2 Motivations on UL signalling enhancement
2.1 Evaluation on the impact of periodic CSI dropping  

In Rel-10 carrier aggregation, periodic CSI is transmitted on PUCCH or piggybacked to PUSCH. If a UE is configured with more than one serving cell, only one periodic CSI report can be transmitted according to a priority based on reporting types or further based on carrier index in a given subframe, even if the periodic CSI is piggybacked to PUSCH [1]. And the others will be dropped when multiple periodic CSI need to be transmitted in a given subframe. In some cases listed below, the periodic CSI dropping could happen quite often. 
Case 1:
In the case of more than 2 aggregated CCs for a UE, it is difficult to avoid CSI for multiple carriers configured in the same instance without restriction on the periodicity. For example in the case of 3~5 CCs configured, the periodicity needs to be no less than 5ms for each CC to avoid collisions.
Case 2:
In case of simultaneous CSI and A/N [2] or aperiodic SRS [3] transmission, CSI will also be dropped which will cause performance loss on UE peak date rate and system throughput. If the UE is configured with more than 2 aggregated CCs, A/N feedback and aperiodic SRS transmission will occur more often, and then the probability of dropping CSI due to collision with A/N or aperiodic SRS will be large.

According to the outcome of the offline discussion [4], two sets of simulations have been done to evaluate the impact of CSI dropping. The baseline is periodic CSI mode 1-1. In addition, the results of periodic CSI mode 2-1 are also given. Other simulation assumptions are shown in Table 1 in Appendix A and the simulation results are shown in Table 2 to Table 4 in Appendix B. According to the results we can see that the loss is non-negligible especially for high probability of CSI dropping. For example, according to the results shown in Table 3, the average throughput loss is roughly 3.52% for cell average and 4.41% for cell edge if the periodic CSI dropping probability is 50%. And as shown in Table 4, the average throughput loss is roughly 9% for cell average and 11% for cell edge if the CSI reporting periodicity is 10ms and periodic CSI dropping probability is 30%.
One possible way to avoid the periodic CSI dropping due to collision with other periodic CSI reports is enlarging the reporting periodicity. However, according to the simulation results in Table 2 to Table 4, we can see it will cause non-negligible loss. For example, according to the results shown in Table 4, the loss between 5ms periodicity and 10ms periodicity is about 9.92% for cell average and 9.23% for cell edge, which should be considered for TDM based reporting mechanism resulting in longer periodicity. 
Based on the above evaluations and analysis, we can see that the periodic CSI reporting mechanism in Rel-10 will result in dropping CSI frequently and thus cause non-negligible DL throughput loss.

2.2 Discussion on using aperiodic CSI 

It is expected that using aperiodic CSI can reduce the DL throughput loss brought by periodic CSI dropping. However, to decide whether using aperiodic CSI is sufficient to solve the problem, the additional cost needed by aperiodic CSI should also be considered, such as the additional PDCCH overhead. If we use aperiodic CSI to reduce the DL throughput loss caused by periodic CSI dropping, eNB needs to trigger aperiodic CSI for each UE with PDCCH. For the UE with larger number of configured serving cells, the required number of PDCCHs is even larger, although sometimes one PDCCH could be used to trigger CSI of multiple cells. 

It was mentioned that the additional PDCCH overhead is not a problem as there is regular TCP ACK and RLC ACK in response to DL data transmission. However, the transmission of TCP ACK and RLC ACK is dependent on the data arrival rate, spectrum efficiency, scheduling in the DL and the higher-layer feedback delay rather than regularly transmitted. So the additional PDCCH overhead still needs to be taken into account.
Therefore, we can see that using aperiodic CSI will increase the PDCCH overhead and it is not desirable especially when considering about the PDCCH capacity limitation [5]. Thus only using aperiodic CSI is not sufficient for reducing the DL throughput loss brought by periodic CSI dropping.
2.3 Summary of the discussion 

Based on the evaluations and analysis in section 2.1 and 2.2, we can see that frequent CSI dropping will result in non-negligible DL throughput loss, and using aperiodic CSI to remedy the loss is not sufficient considering the cost it will bring, thus transmission of multiple periodic CSI in a subframe and transmission of periodic CSI and HARQ-ACK in a subframe are both needed to avoid non-negligible DL throughput loss in Rel-11. 
Proposal:  Both transmission of multiple periodic CSI in a subframe and transmission of periodic CSI and HARQ-ACK in a subframe should be supported in Rel-11.
3 Conclusions
In this contribution, we evaluate the impact of periodic CSI dropping and discuss the possibility of using aperiodic CSI. Based on the evaluation and analysis, we have the following proposals:
Proposal:  Both transmission of multiple periodic CSI in a subframe and transmission of periodic CSI and HARQ-ACK in a subframe should be supported in Rel-11.
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Appendix A
Simulation Assumptions 
Table 1 Simulation Assumptions 
	Parameter
	Assumption

	Bandwidth
	2CCs: 10MHz + 10MHz

	Carrier frequency
	2 GHz

	Duplex
	FDD

	Antenna configuration
	2x2 SU-MIMO

	PDSCH Scheduler
	PF

	Average UE per sector
	10

	Channel model
	SCM Case 1

	Traffic model
	Full buffer

	Reporting mode
	Periodic CSI Mode 1-1, 2-1

	UE speed
	3km/h and 30km/h for mode 1-1

3km/h for mode 2-1

	Reporting periodicity
	2, 5, 10, 20 ms

	Collision Probability
	0, 15%, 30%, 50%, 90%

	BLER target
	10%


Appendix B

System-level Simulation Results 
Table 2 
Mode 1-1 with 3km/h
	Periodicity
	Dropping

Probability
	Cell average

(Mbps)
	Loss
	Cell edge
(kbps)
	Loss

	5ms
	0%
	28.92 
	0%
	1003.98 
	0%

	
	15%
	28.91 
	0.03%
	1003.54 
	0.04%

	
	30%
	28.88 
	0.14%
	1003.20 
	0.08%

	
	50%
	28.79 
	0.45%
	994.51 
	0.94%

	
	90%
	27.33 
	5.50%
	950.11 
	5.37%

	10ms
	0%
	28.86 
	0%
	1003.10 
	0%

	
	15%
	28.81 
	0.17%
	1002.19 
	0.09%

	
	30%
	28.72 
	0.49%
	1000.41 
	0.27%

	
	50%
	28.49 
	1.28%
	988.82 
	1.42%

	
	90%
	26.31 
	8.84%
	911.39 
	9.14%

	20ms
	0%
	28.68 
	0%
	1003.27 
	0%

	
	15%
	28.52 
	0.56%
	991.11 
	1.21%

	
	30%
	28.30 
	1.32%
	989.25 
	1.40%

	
	50%
	27.82 
	3.00%
	963.21 
	3.99%

	
	90%
	25.33 
	11.68%
	868.91 
	13.39%


Table 3 
Mode 1-1 with 30km/h
	Periodicity
	Dropping

Probability
	Cell average

(Mbps)
	Loss
	Cell edge
(kbps)
	Loss

	5ms
	0%
	24.70 
	0%
	871.92 
	0%

	
	15%
	24.44 
	1.05%
	858.23 
	1.57%

	
	30%
	24.22 
	1.94%
	852.33 
	2.25%

	
	50%
	23.83 
	3.52%
	833.44 
	4.41%

	
	90%
	22.42 
	9.23%
	770.34 
	11.65%


Table 4 
Mode 2-1 with 3km/h
	Periodicity
	Dropping

Probability
	Cell average

(Mbps)
	Loss
	Cell edge
(kbps)
	Loss

	5ms
	0%
	30.95
	0%
	1037.12
	0%

	
	15%
	30.11
	2.7%
	1002.21
	3.4%

	
	30%
	28.83
	6.9%
	941.06
	9.3%

	
	50%
	26.51
	14.4%
	869.23
	16.2%

	
	90%
	20.61
	33.4%
	481.15
	53.6%

	10ms
	0%
	27.88
	0%
	941.39
	0%

	
	15%
	26.68
	4.3%
	892.99
	5.1%

	
	30%
	25.37
	9.0%
	837.20
	11.1%

	
	50%
	23.31
	16.4%
	697.57
	25.9%

	
	90%
	20.11
	27.9%
	271.20
	71.1%

	20ms
	0%
	21.37
	0%
	725.19
	0%

	
	15%
	20.03
	6.3%
	645.54
	10.9%

	
	30%
	18.97
	11.2%
	592.47
	18.3%

	
	50%
	17.97
	15.9%
	487.22
	32.8%

	
	90%
	14.80
	30.7%
	108.15
	85.0%


