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1. Introduction

In 3GPP RAN1 #66bis the UL signalling enhancement possibilities were discussed [1]. More specifically the need of such enhancements is discussed and also some possible enhancement candidates were presented [2-6]. The following was captured in the meeting report as an outcome of the discussion
As a conclusion, 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

Aim to decide at next meeting which issues to pursue, based on evaluations of the gain and the trade-off analyses, including for scenarios with more than 2 aggregated CCs
In this paper we discuss on the different possible issues for UL signalling enhancement, and also present our understanding in terms of how to prioritize the future work in the topic. 

2. UL Signalling Enhancement – Motivation and Recommendations
2.1 Motivation of UL Signalling Enhancement

In the prior discussions limitations with the periodic CSI reporting in LTE Rel-10 have been observed by many companies. 
One example is that in LTE Rel-10 CA, periodic the CSI reports for multiple aggregated CCs are independently configured, and it was also agreed not to support periodic CSI reporting for multiple CCs in one subframe in Rel-10. One way to avoid the periodic CSI dropping mentioned in Rel-10 discussions is to leave it up to eNB implementation, i.e. the eNB has to configure periodic CSI reporting for the cells in in a TDM fashion. However, this solution puts a heavy restriction on the eNB scheduling. For example, in [5] it is argued that such TDM will result in increased CSI feedback delay with a severe impact to system throughput when the number of aggregated CCs increases. In [2] and [3] the performance loss is evaluated and shown as a function of periodic CSI dropping rates in both link level and system level. Regarding multiple A/N and periodic CSI collision, it was also agreed in Rel-10 that if simultaneous PUCCH and PUSCH transmissions are not configured, only the multi-cell A/N is transmitted and the CSI reports are dropped. In [3] some simulations results were shown to evaluate the probability of such collision.  
From the evaluations, it becomes clear that Rel-11 CA can benefit from alleviating the heavy periodic CSI dropping resulting from the Rel-10 design. In the following we present some discussions on possible enhancement candidates and also provide some recommendations on how to prioritize these  in the future work in RAN1. 
2.2 Identified enhancement candidates and Trade-off Analysis

Some possible candidates for UL signalling enhancement were discussed in RAN1 #66bis. As the motivation is to have a clear focus based on the gain and complexity for the different candidates, in the following we provide some initial analysis for some of these. 

Issue #1 HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 2 
In [6] HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 2 is discussed for the cases when the number of aggregated cells for a UE is equal to or less than two. The solution is straightforward for FDD and is similar to the existing method for SR and HARQ-ACK multiplexing in Rel-10 CA. More specifically, the HARQ-ACK bits can be spatially bundled for each CC and the resulting two bundled bits can be transmitted using PUCCH Format 2b. In the Rel-10 discussions, it was observed from evaluations that the loss from using spatial bundling is limited. Hence, from a system throughput point of view such a solution will not have a large impact. 
On the other hand, as there is no performance requirement defined so far for PUCCH Format 2b, some extra work in RAN4 might be necessary when introducing this. Furthermore, as pointed out by [6] for the TDD case,  a larger throughput loss is expected due to the additional time domain bundling and will also require error case handling due to missed PDCCHs. 
Based on the above trade-off analysis, we have the following recommendation 
Recommendation #1 
· In Rel-11, HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 2 is supported for FDD with up to two configured CCs. 
Issue #2 HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 3

In [4] a structure for HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 3 was suggested for further evaluation. The concept is basically to reuse the design for Rel-10 TDD when the number of HARQ-ACK bits is greater than 11 (i.e., ‘Dual-RM’). Compared with Rel-10 TDD case, the difference is that one of the coded blocks is used for periodic CSI instead of Multiple HARQ-ACK. Limited by the un-coded bit length (up to 11 bits) for each RM block, the design is suitable for FDD with up to 5 CCs, i.e., up to 10-bit HARQ-ACK plus up to 11-bit periodic CSI for a CC. For TDD, when the number of HARQ-ACK is greater than 11 it requires some level of HARQ-ACK bundling and as a result there may be a need to handle the error cases. As the ‘Dual-RM’ is already supported in Rel-10 TDD, limited specification effort is needed in RAN1 to also support this for FDD and HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 3. As the link performance target is different from CSI and HARQ-ACK, extra work may be needed in RAN4 to define requirements and test cases. 
Based on the above trade-off analysis, we have the following recommendation 

Recommendation #2 

· In Rel-11, HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 3 is supported for FDD. 
· It is FFS whether HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 3 is supported for TDD when the number of HARQ-ACK bits is greater than 11.
Issue #3 Periodic CSI and Aperiodic CSI Multiplexing in PUSCH

In Rel-10 CA, it was agreed that for any collision between periodic CSI and aperiodic CSI for the same or different DL CCs, periodic CSI is dropped. In [7], it is proposed to support periodic CSI and the aperiodic CSI multiplexing in PUSCH in Rel-11 CA. As in Rel-8 it is already supported to piggyback periodic CQI report to PUSCH in case there is a PUSCH transmitted in the same subframe. Hence, there seems to be no technical obstacle in multiplexing a periodic CSI report with aperiodic CSI report in a PUSCH transmission. As eNB has full control of both periodic CSI configuration and aperiodic CSI triggering, the PUSCH resource shall be adjustable based on the extra amount of periodic CSI that is mapped to the PUSCH. For the case of simultaneous PUCCH and PUSCH transmissions, allowing multiple periodic CSI mapped to PUSCH can also avoid the need for a new PUCCH Format with greater payload size. Therefore, introducing periodic CSI and aperiodic CSI multiplexing in PUSCH requires less specification effort in RAN1 compared with some possible enhanced PUCCH format, but extra testing effort in RAN4 might be needed.
Based on the above trade-off analysis, we have the following recommendation 
Recommendation #3 

· In Rel-11, Periodic CSI and the Aperiodic CSI Multiplexing in PUSCH is supported.
Issue #4 Periodic PUSCH for Multiple Periodic CSI Multiplexing

With the above recommendation for issue #3, it is possible to multiplex multiple periodic CSI report in a PUSCH transmission when there is aperiodic CSI report in the same subframe. One general extension is for the case when no aperiodic CSI is triggered in the subframe. In [9] it is proposed that the periodic CSI report can be conveyed by some PUSCH resources. Without an UL grant it is not possible to dynamically adjust the amount of resources used for such PUSCH transmissions. One possibility is that PUSCH resources can be configured by RRC signalling. RRC-based resource assignment does not introduce any L1 control overhead, but it may be less flexible as any adjustment to the PUSCH resources would require RRC reconfigurations and there is also delay with such RRC reconfiguration. Another possible enhancement is to use a mechanism similar as SPS PUSCH in LTE Rel-10. 
Based on the above analysis, we have the following recommendation 

Recommendation #4 

· In Rel-11, Periodic PUSCH for Multiple Periodic CSI Multiplexing is supported. 
· The straightforward way is to configure the PUSCH resources via RRC signalling. 
· Whether the PUSCH resources are configured via RRC or using a mechanism similar as SPS is FFS.  
Issue #5 Modified PUCCH Format 3 with Greater Payload Size 

In [10] some modified PUCCH Format 3 designs are summarized and the trade-off analysis has been carried out. The new PUCCH format 3 has extended maximum payload size from Rel-10, e.g., by using a smaller spreading factor and only one reference signal symbol per time slot. The modified PUCCH Format 3 has smaller multiplexing capacity compared to Rel-10 where up to 5 UEs can be multiplexed in the same PRB pair. Furthermore, as the signal structure is changed it becomes impossible to multiplex this with a legacy PUCCH Format 3 signal. As pointed out in [10] there may be extra testing effort with this modified PUCCH Format. 

As a result, it is still unclear why such a new format is needed. For example, allowing multiple periodic CSI mapped to PUSCH for simultaneous PUCCH and PUSCH transmissions, means that larger payloads can be supported without the need for a new PUCCH Format with a greater payload size. With recommendation #4, multiple periodic CSI report can be transmitted using predefined or dynamically assigned PUSCH resources, so the need for enhanced PUCCH format is unclear in this case also. 
Based on the above trade-off analysis, we have the following recommendation 

Recommendation #5 

· A new PUCCH format with increased payload size is de-prioritized in Rel-11. 
3. Conclusions
In this paper we discuss the different candidates for UL signalling enhancement, and also present our understanding in terms of how to prioritize the future work in the topic. To summarize we have the following recommendations

Recommendation #1 

· In Rel-11, HARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 2 is supported for FDD with up to two configured CCs. 
Recommendation #2 

· In Rel-11, ARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 3 is supported for FDD. 
· It is FFS whether ARQ-ACK and Periodic CSI Multiplexing in PUCCH Format 3 is supported for TDD when the number of HARQ-ACK bits is greater than 11.
Recommendation #3 

· In Rel-11, Periodic PUSCH for Multiple Periodic CSI Multiplexing is supported. 
Recommendation #4 

· In Rel-11, Periodic PUSCH for Multiple Periodic CSI Multiplexing is supported. 
· The straightforward way is to configure the PUSCH resources via RRC signalling. 
· Whether the PUSCH resources are configured via RRC or using a mechanism similar as SPS is FFS.  
Recommendation #5 

· Any new PUCCH format with increased payload size is de-prioritized in Rel-11. 
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