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1 Introduction

In the RAN1 #66bis meeting, the enhancement of UL control signalling for Rel-11 CA was discussed and it was concluded that the potential UL control signalling issues for consideration include: 
· Multiple periodic CSI in a subframe

· Periodic CSI and HARQ-ACK in a subframe

· Periodic CSI and SRS in a subframe
· Simultaneous PUSCH and SRS 

· HARQ-ACK bundling
In Rel-10, when periodic CSI of multiple cells are configured in the same subframe, the CSI of only one serving cell can be transmitted and the others are dropped. In this paper, dropping periodic CSI transmission will be evaluated. Based on the evaluation, it is proposed that supporting CSI of multiple cells in the same subframe is needed and some possible designs for multiple periodic CSI transmission in a subframe will be provided and analyzed.

2 Evaluation on dropping periodic CSI transmission
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. 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 the case of TDD configurations with few UL subframes, it is impossible to avoid collisions among more than 2 aggregated CCs, especially for configuration 2, 4 and 5 (1 or 2 UL subframes within one radio frame).
Case 3:
In case of simultaneous CSI and A/N [3] or aperiodic SRS [4] 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 and MIMO, 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.

System simulations with the assumptions in Table 1 in Appendix A have been carried out to evaluate the performance loss caused by CSI dropping, with consideration of different periodicities (2ms, 5ms, 10ms, 20ms) and different dropping probabilities (15%, 30%, 50%, 90% and no dropping). The simulation results are shown in Table 2 in Appendix A. From the results shown in Table 2, we can see that the loss is non-negligible especially for high probability of CSI dropping. For example, the average loss is roughly 9% for cell average spectral efficiency and 11.07% for cell edge spectral efficiency if the CSI reporting periodicity is 10ms and collision probability is 30%. So we propose that,
Proposal 1: Transmitting periodic CSI of multiple cells in a subframe should be supported in Rel-11.
3 Design for multiple periodic CSI transmission in a subframe
3.1 Multiple periodic CSI transmission on PUCCH with format 3
In Rel-10 carrier aggregation, PUCCH format 2/2a/2b is used for periodic CSI reporting on PUCCH. However, the capacity of PUCCH format 2/2a/2b is 13 bits at most. If multiple periodic CSI is configured in one subframe, for most of the combinations of configured CSI transmission mode, the payload will be beyond 13 bits, especially if the UE is configured with more than 2 aggregated CCs. The existing PUCCH Format 3, which is only used for A/N transmission in Rel-10 and can support large payload size (22 bits at most), can be considered to transmit multiple periodic CSI in Rel-11.
However, it is still possible that the payload of multiple periodic CSI exceeds the capacity of PUCCH format 3. And in such cases, the extending of Rel-10 rules of CSI dropping can be considered.

One possible way is that the 3-class priority of reporting types defined in Rel-10 is reused in Rel-11 when PUCCH Format 3 is configured to transmit multiple CSI. If the total bits of CSI are less than the bits that PUCCH format 3 supports, all of the CSI can be reported simultaneously in a given subframe (Figure 1a). If after the part of CSI from multiple CCs with higher priority is filled in PUCCH format 3 of the given subframe, the left room cannot contain the CSI with the next priority, then all the lower priority parts can be dropped completely (Figure 1b and 1c).
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Figure 1 Multiple periodic CSI on PUCCH
3.2 Multiple periodic CSI transmission on PUSCH 

Due to the limited capacity on PUCCH, dropping CSI would occur frequently. In order to efficiently report periodic CSI with larger payload size, periodic CSI transmitted on PUSCH can also be considered. 
Reporting content

As described in [5], periodic CSI transmission on PUSCH can be configured for a UE to transmit multiple periodic CSI. To alleviate the collision between A/N and CSI or among multiple CSI, it is desirable to combine different kinds of periodic CSI e.g. the wideband CSI reporting and subband CSI reporting together into the same subframe as shown in figure 2. If all kinds of periodic CSI are combined in a reporting periodicity of wideband CSI, only one reporting instance will be required. Periodic CSI from multiple carriers can also be combined into the same subframe as shown in figure 3, which will reduce the requirement of the number of uplink subframes especially in some DL heavy TDD configurations.
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Figure 2 Reporting contents combined with different kinds of CSI
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Figure 3 Reporting contents combined with multiple CSI from multiple carriers

Resource assignment

1) Triggered by UL grant scrambled by C-RNTI
The scheduling information of multiple periodic CSI on PUSCH can be carried by UL grant scrambled by C-RNTI similar as aperiodic CSI scheduling in Rel-8. If there is a scheduling for UL-SCH with data, the periodic CSI will also be scheduled with the same UL grant. While if there is no data scheduled, a single UL grant will be sent to schedule the resources for periodic CSI.
2) Triggered by UL grant scrambled by SPS-C-RNTI
The scheduling information of multiple periodic CSI on PUSCH can also be carried by UL grant scrambled by SPS-C-RNTI similar as SPS scheduling in Rel-8. If there is a transport block for UL-SCH transmitted in the same subframe, the combined periodic CSI is multiplexed with data on the same PUSCH as in Rel-8. If there is no transport block for UL-SCH, the SPS grant is used to schedule the combined periodic CSI only.
3) Configured by RRC and triggered by UL or DL grant
The resources of multiple periodic CSI on PUSCH can also be configured by RRC signalling semi-statically while triggered by UL or DL grant as aperiodic SRS transmission in Rel-10. Some PUSCH resources can be reserved for periodic CSI reporting on PUSCH. If there is a triggering, multiple periodic CSI are reported on those reserved resources.
Periodic CSI transmitted on PUSCH can be also considered to support multiple periodic CSI transmission. The resources for multiple periodic CSI on PUSCH can be either dynamically scheduled with UL Grant, or semi-statically scheduled with RRC signalling, or semi-persistent scheduled. Which one is better to support periodic CSI on PUSCH could be FFS.
Proposal 2: One of the alternatives can be chosen to support multiple periodic CSI transmission in a subframe.


Alt 1: Multiple periodic CSI transmission on PUCCH with format 3 
Alt 2: Multiple periodic CSI transmission on PUSCH
3.3 Trade off analysis 

The trade-off analysis of supporting multiple periodic CSI transmission is shown in figure 4. From the analysis, we can see that supporting simultaneous transmission of multiple periodic CSI will avoid dropping CSI frequently and thus avoid heavy impact on DL throughput, although some complexity will be brought to specification and implementation. 
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Figure 4 Trade-off analysis for multiple periodic CSI transmission 
4 Conclusions
In this contribution, we evaluate the dropping of periodic CSI transmission and provide some possible design to support multiple periodic CSI transmission in a subframe. Based on the analysis, we have the following proposals:
Proposal 1: Transmitting periodic CSI of multiple cells in a subframe should be supported in Rel-11.
Proposal 2: One of the alternatives can be chosen to support multiple periodic CSI transmission in a subframe.


Alt 1: Multiple periodic CSI transmission on PUCCH with format 3
Alt 2: Multiple periodic CSI transmission on PUSCH
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Appendix A
Table 1 Simulation Assumptions 
	Parameter
	Assumption

	Scenario
	Case 1

	Site
	19

	Sector per site
	3

	Average UE per sector
	10

	Total eNB TX power
	46dBm

	Channel model
	SCM

	Fast fading model
	ETU 3km/h

	Antenna configuration
	2×2

	Tx Mode
	SU-MIMO

	Max rank number
	2

	Scheduler
	PF

	Duplex
	FDD

	CC Number
	2

	Bandwidth
	10MHz+10MHz

	Carrier frequency
	2G

	CC correlation
	Co-scheduled

	CQI type
	PUCCH SB

	CC period
	2,5,10,20ms

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

	BLER target
	10%


Table 2 
Simulation Results on dropping CSI
	Periodicity
	Dropping

Probability
	Cell average

spectral efficiency

(bps/Hz)
	Loss
	5% UE spectral

efficiency

(bps/Hz)
	Loss

	2ms
	0%
	3.294
	0%
	0.109
	0%

	
	15%
	3.261
	1.0%
	0.108
	0.96%

	
	30%
	3.212
	2.5%
	0.107
	1.9%

	
	50%
	3.102
	5.8%
	0.103
	5.6%

	
	90%
	2.241
	31.9%
	0.063
	41.9%

	5ms
	0%
	3.095
	0%
	0.104
	0%

	
	15%
	3.011
	2.7%
	0.100
	3.4%

	
	30%
	2.883
	6.9%
	0.094
	9.3%

	
	50%
	2.651
	14.4%
	0.087
	16.2%

	
	90%
	2.061
	33.4%
	0.048
	53.6%

	10ms
	0%
	2.788
	0%
	0.094
	0%

	
	15%
	2.668
	4.3%
	0.089
	5.1%

	
	30%
	2.537
	9.0%
	0.084
	11.1%

	
	50%
	2.331
	16.4%
	0.070
	25.9%

	
	90%
	2.011
	27.9%
	0.027
	71.1%

	20ms
	0%
	2.137
	0%
	0.073
	0%

	
	15%
	2.003
	6.3%
	0.065
	10.9%

	
	30%
	1.897
	11.2%
	0.059
	18.3%

	
	50%
	1.797
	15.9%
	0.049
	32.8%
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Applicable scenarios


Candidate Solutions


Benefits


Impact analysis


On PUCCH Format 3


Carrier aggregation


- Avoid dropping CSI frequently and thus avoid heavy impact on DL throughput in case of low payload size


- Some specification work in 36.211 and 213 
- Some signalling may need to define in RAN2.
- RAN4 may need to give performance targets 


- If the payload size of UCI is high, part of CSI with lower priority still needs to be dropped.


Drawbacks


On PUSCH


Carrier aggregation


- No CSI dropping then avoid heavy impact on DL throughput 


- Some specification work in  36.211 and 213 
- Some signalling may need to define in RAN2.
- RAN4 may need to give performance targets 


- Triggering and reporting content may be designed for periodic CSI transmitted on PUSCH


Areas for enhancement


Multiple periodic CSI transmission 



