
3GPP TSG RAN WG1 Meeting #68bis       

   




    
                   R1-120967
Jeju, Korea, March 26 - 30, 2012
Agenda Item:     7.2.1.2.1
Source:
Huawei, HiSilicon
Title:                   Simultaneous transmission of periodic CSI and HARQ-ACK in carrier aggregation 
Document for:
Discussion and decision
1 Introduction

In the RAN1#67 meeting, whether to enhance simultaneous transmission of periodic CSI and HARQ-ACK was discussed and it was concluded that decision would be made in the RAN1 #68 meeting [1]. However, it was not discussed in the RAN1 #68 meeting. According to the evaluation and analysis in [2], supporting simultaneous transmission of periodic CSI and HARQ-ACK can avoid dropping CSI frequently and thus avoid non-negligible DL throughput loss. Thus, simultaneous transmission of periodic CSI and HARQ-ACK should be enhanced in Rel-11. 
As to the enhanced scheme for simultaneous transmission of periodic CSI and HARQ-ACK, PUCCH format 3 was proposed in [3-7]. The contribution further provides our views on the application scenarios and the design considerations for simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3, and the trade-off analysis is also provided.    
2 Discussion 
2.1 Application Scenarios  
In this section, we discuss the application scenarios of simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3. In order to avoid increasing PUCCH overhead, it is not preferred to use PUCCH format 3 for simultaneous transmission of periodic CSI and HARQ-ACK if extra PUCCH format 3 resource is needed. For example, for the case that PUCCH format 1b with channel selection is used for HARQ-ACK only feedback and PUCCH format 2 is configured for periodic CSI only reporting, eNB needs to assign extra PUCCH format 3 resource to support simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3, which will increase the PUCCH overhead. Thus, simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3 has the following two possible application scenarios.    
Scenario 1: PUCCH format 3 is used for HARQ-ACK only feedback but not configured for periodic CSI only reporting 
· If PUCCH format 2 is used for periodic CSI only reporting
If PUCCH format 2 is used for periodic CSI only reporting, the application scenario of simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3 should be restricted to the case that PUCCH format 3 is used for HARQ-ACK only feedback considering the resource overhead. 
· If periodic PUSCH [8] is used for periodic CSI only reporting
If periodic PUSCH is used for multiple periodic CSI reporting in a subframe in Rel-11, for the case that PUCCH format 3 is used for HARQ-ACK only feedback, simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3 can be considered. Firstly, the PUCCH format 3 resource for HARQ-ACK only feedback can be used and thus no extra PUCCH resource is needed. Secondly, transmitting the periodic CSI and HARQ-ACK on PUCCH format 3 can better solve the ambiguity problem caused by PDCCH missing. If UE misses all the PDCCH(s), ambiguity will occur between eNB and UE regarding the actual transmitted UCI. That is, eNB will expect both periodic CSI and HARQ-ACK are transmitted while UE transmits only periodic CSI, which will result in problem like DTX to ACK.  
Scenario 2: PUCCH format 3 is configured for periodic CSI only reporting
If PUCCH format 3 [8] is used for multiple periodic CSI reporting in a subframe in Rel-11, in addition to the case that PUCCH format 3 is used for HARQ-ACK only feedback, supporting simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3 can also be applicable for the case that PUCCH format 1b with channel selection is used for HARQ-ACK only feedback. Because the PUCCH format 3 resource for periodic CSI only can be used and thus no extra PUCCH resource is needed.  
Based on the above discussion, we can see that simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3 is applicable for the case that PUCCH format 3 is used for HARQ-ACK only feedback. For the case that PUCCH format 1b with channel selection is used for HARQ-ACK only feedback, it depends on if PUCCH format 3 will be used for periodic CSI only reporting, thus it is FFS.

Proposal 1: Simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3 is applicable for the case that PUCCH format 3 is used for HARQ-ACK only feedback and for the case if PUCCH format 3 would be configured for periodic CSI only reporting. 
2.2 Design considerations   
In this section, we will discuss the following design considerations for supporting simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3. 
Periodic CSI information bits transmitted with HARQ-ACK
Considering that the capacity of PUCCH format 3 is still not enough to transmit all the periodic CSI information and HARQ-ACK information in some cases, for simplicity, it is preferred that only a single serving cell periodic CSI is transmitted with HARQ-ACK on PUCCH format 3. If the total number of information bits of HARQ-ACK and periodic CSI still exceeds the capacity of PUCCH format 3, part of the selected single cell periodic CSI information bits can be dropped. Thus, the following principle for periodic CSI information transmitted with HARQ-ACK on PUCCH format 3 can be considered:
· The periodic CSI information bits are only from a single serving cell periodic CSI. 

· If multiple periodic CSI of multiple serving cells are to be transmitted, only the periodic CSI with the highest priority is transmitted. The priority rule for periodic CSI only in Rel-10 can be used.
· Part of the selected single cell periodic CSI information bits can be dropped.  
The number of HARQ-ACK bits transmitted with periodic CSI
The number of HARQ-ACK bits transmitted with periodic CSI on PUCCH format 3 can be the same as that in the case of HARQ-ACK only on PUCCH. Firstly, it is not reasonable to do any HARQ-ACK bundling if it is not done for the case of HARQ-ACK only, because HARQ-ACK has higher priority than CSI and HARQ-ACK bundling will result in DL throughput loss. Secondly, if some kind of HARQ-ACK bundling is done for the case of HARQ-ACK only on PUCCH, it is reasonable to keep the bundling operation for the case of simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3. Thus, the following principle for the number of HARQ-ACK bits can be considered:
· The number of HARQ-ACK bits is the same as that for the case of HARQ-ACK only. 

· No HARQ-ACK bundling for FDD.
· HARQ-ACK spatial bundling and/or time-domain bundling are used in the same way as that for the case of HARQ-ACK only on PUCCH for TDD. 
Channel coding scheme for periodic CSI and HARQ-ACK
Two alternatives for performing channel coding of periodic CSI and HARQ-ACK on PUCCH format 3.

Alternative 1: Joint coding of periodic CSI and HARQ-ACK 

Periodic CSI bits are concatenated next to HARQ-ACK bits, and then the concatenated bits are encoded by single RM (32, 11) code or dual RM (32, 11) code. For the case of dual RM (32, 11) code, the even bits will be the input to the first RM block and the odd bits will be the input to the second RM block. An example for the case of dual RM code is shown in figure 1.
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Figure 1. An example for joint coding scheme.
In the subframe configured to the UE by higher layers for transmission of scheduling request, one scheduling request bit can be transmitted with periodic CSI and HARQ-ACK. In this case, the HARQ-ACK bits are concatenated next to the one scheduling request bit, and then the periodic CSI bits are concatenated next to the HARQ-ACK bits. All of the concatenated bits are encoded using the same way as the case that periodic CSI and HARQ-ACK are transmitted simultaneously.
For joint coding, basically it can reuse the coding block for the case of HARQ-ACK only and thus has less impact on the specification and implementation. One disadvantage of joint coding is that it cannot control the performance of HARQ-ACK and periodic CSI separately, which may result in some power waste. 
Alternative 2: Separate coding of periodic CSI and HARQ-ACK
PUCCH format 3 can carry 48 coded bits, which are distributed among the HARQ-ACK and periodic CSI. Figure 2 shows the basic processing for separate coding. HARQ-ACK bits and CSI bits are encoded by RM (32, 11) code separately, and then rate matching is performed to each RM encoder according to the allocated coded bits for HARQ-ACK and periodic CSI. Interleaving of the coded bits from the two encoders is needed in order to obtain time and frequency diversity gain for both HARQ-ACK and periodic CSI. Thus, for separate coding, how to allocate the coded bits and how to perform the interleaving need to be solved. The following design principles can be considered.
· For the coded bits allocation scheme
· The number of allocated coded bits for both HARQ-ACK and periodic CSI should be even. In order to decode HARQ-ACK and periodic CSI separately using joint Data + RS decoding algorithm, each modulation symbol should just carry either HARQ-ACK coded bits or periodic CSI coded bits, which needs that the number of allocated coded bits for each encoder is even. 
· One or multiple parameter(s) signaled by eNB can be used to adjust the coding rate. In this way, eNB can adjust the allocated coded bits according to the performance requirements of HARQ-ACK and periodic CSI respectively.    
· For the interleaving scheme
· Both the HARQ-ACK coded bits and periodic CSI coded bits should be mapped to both slots, so as to obtain time and frequency diversity gain.  
· Make sure that each modulation symbol just carries the coded bits from one encoder. In this way, eNB can decode HARQ-ACK and periodic CSI separately using joint Data + RS decoding algorithm, which can improve the performance of HARQ-ACK and periodic CSI and reduce the decoding complexity. 
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Figure 2. Basic processing for separate coding.
In the subframe configured to the UE by higher layers for transmission of scheduling request, one scheduling request bit can be transmitted with periodic CSI and HARQ-ACK. In this case, HARQ-ACK bits are concatenated next to the one scheduling request bit and then encoded by one of the two encoders, and periodic CSI bits are encoded by the other encoder.
For separate coding, as described above it needs to define the coded bits allocation scheme and the interleaving scheme, thus has more impact on the specification and implementation. Its advantage is that it can control the performance of HARQ-ACK and periodic CSI separately considering the different performance requirements. 
For simplicity on the specification and implementation, joint coding is slightly preferred. However, separate coding can also be considered if significant benefit can be shown. 
PUCCH format 3 resource
If PUCCH format 3 resource is only assigned for HARQ-ACK feedback or only assigned for periodic CSI, then the assigned resource is used.

If both the PUCCH format 3 resource for HARQ-ACK only feedback and the PUCCH format 3 resource for periodic CSI only reporting are assigned, the resource for HARQ-ACK only feedback should be used to avoid ambiguity caused by PDCCH missing.

If the resource assigned for periodic CSI is used, how to solve the ambiguity brought by PDCCH missing is FFS.

Proposal 2: The following principles for simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3 can be considered:
· The periodic CSI information bits are only from a single serving cell.

· The number of HARQ-ACK feedback bits is the same as that for the case of HARQ-ACK only.
· Joint coding is slightly preferred for simplicity. Separate coding can also be considered if significant benefit can be shown.
· PUCCH format 3 resource configured for HARQ-ACK feedback should be used for the simultaneous transmission whenever the resource is available.
2.3 Trade-off analysis  
Based on the evaluations and analysis in [2] and the discussion in this contribution, the trade-off analysis of supporting simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3 is shown in figure 3. 
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Figure 3. Trade-off analysis for simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3.
3 Conclusion 
In this contribution, we provide our views on the application scenarios and the design considerations for simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3. Based on the analysis in section 2, we have the following proposals:

Proposal 1: Simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3 is applicable for the case that PUCCH format 3 is used for HARQ-ACK only feedback and for the case if PUCCH format 3 would be configured for periodic CSI only reporting. 
Proposal 2: The following principles for simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3 can be considered:
· The periodic CSI information bits are only from a single serving cell.

· The number of HARQ-ACK feedback bits is the same as that for the case of HARQ-ACK only.
· Joint coding is slightly preferred for simplicity. Separate coding can also be considered if significant benefit can be shown.
· PUCCH format 3 resource configured for HARQ-ACK feedback should be used for the simultaneous transmission whenever the resource is available. 
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