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1. Introduction

At the RAN WG1 #66bis meeting, several issues regarding UL control signaling were identified as follows. 
Potential UL control signalling issues for consideration include:

· Multiple periodic CSI in a subframe

· Periodic CSI + HARQ-ACK in a subframe

· Periodic CSI + SRS in a subframe

· Simultaneous PUSCH +SRS

· HARQ-ACK bundling 

Aim to decide at RAN1#67 which issues to pursue, based on evaluations of the gain and the trade-off analyses, including for scenarios with >2 aggregated CCs
Among the five issues listed above, we see a common motivation regarding multiple periodic CSI in a subframe and periodic CSI + HARQ-ACK in a subframe. The motivation for these is to avoid dropping the periodic CSI. In this contribution, we present details regarding the motivation for multiple periodic CSI in a subframe and periodic CSI + HARQ-ACK in a subframe and describe possible solutions. Concerning the issue of simultaneous PUSCH + SRS, we have a companion contribution addressing this issue [1].
2. Motivation to Avoid Dropping CSI
As described in [2]-[11], we envision some problems in applying the Rel-10 periodic CSI reporting mechanism to some scenarios that are targeted in Rel-11. In Rel-10, a single CSI report for a DL cell is transmitted in each subframe. Thus, the number of opportunities for periodic CSI reporting is increased in CA operation compared to that for Rel-8 CSI reporting. The increased frequency of the reporting brings about more frequent collisions between the ACK/NACK and the CSI compared to that in Rel-8 and consequently, increasing the number of times that CSIs are dropped. Below, we further clarify a possible impact from dropping the periodic CSI.

· DL throughput

· The main purpose of the periodic CSI report would be for link adaption in order to select a proper modulation and coding scheme (MCS) for the PUSCH transmission. Therefore, dropping of the periodic CSI may degrade the DL throughput performance due to less frequent updating of the CSI. 

· Power control for PDCCH

· Periodic CSI reports sent on the PUCCH may be utilized for many purposes since it is periodic reporting from the UE. The usage of periodic CSI reports includes transmission power control for the PDCCH. If the periodic CSI report is often dropped, the transmission power control for the PDCCH cannot be properly adjusted.

These issues caused by frequent dropping of the CSI become more serious for a CA configuration using more than 2 CCs or Rel-11 CoMP. In the context of Rel-11 CoMP, an increased amount of CSI feedback is anticipated. Therefore, it is preferable to retain the same drop rate for the CSI as that for Rel-8 CSI reporting as much as possible. 
As described earlier, the above motivation is common to the issues regarding multiple periodic CSI in a subframe and periodic CSI + HARQ-ACK in a subframe. In this sense, the same solution, i.e., the same transmission format, to these two issues could be applied. This will be beneficial in avoiding the need to define multiple new solutions. 
Observation: It would desirable to specify a single unified solution to both issues regarding multiple periodic CSI in a subframe and periodic CSI + HARQ-ACK in a subframe in order to avoid dropping of the periodic CSI.
3. Candidate Techniques for Multiple CSI Reporting
Based on the discussion in Section 2, candidate solutions for addressing the dropping of the CSI are presented. Below, we mainly focus on the candidate transmission schemes to actualize multiple periodic CSIs in a subframe. However, these schemes may be applied to the case of periodic CSI + HARQ ACK in a subframe with slight modification.
· PUCCH format 3[6]-[8]
PUCCH format 3 for ACK/NACK transmission defined in Rel-10 can be reused for multiple CSI reports up to 21 bits. Therefore, the number of multiple CSIs in a subframe becomes 2. Since this may not be sufficient considering CA with more than two CCs and CoMP, further investigation will be necessary. Concerning the multiplexing capacity, five UEs can be multiplexed in a PRB, which is considered sufficient compared to the multiplexing capacity of PUCCH format 2. When PUCCH format 3 is reused for periodic CSI + HARQ ACK reporting by means of joint coding, some CSI information must be dropped and a dropping rule must be considered.
· Modified PUCCH format 3 [9]-[10]

PUCCH format 3 supported in Rel-10 is modified. The payload size for periodic CSI is increased by reducing the number of reference signals (RSs) and the spreading factor of the orthogonal cover code (OCC). When the spreading factor of 2 or 3 is used, the payload size respectively increases to 72 and 48 assuming the coding rate of 1/2 [5]. However, there are disadvantages in that the multiplexing capacity in a PRB is decreased and different PUCCH resources from those for ACK PUCCH format 3 are consumed. In terms of periodic CSI + HARQ ACK reporting, some CSI information will be dropped similar to the case for PUCCH format 3. Therefore, if the number of multiple periodic CSIs is still insufficient, this solution may not be appropriate. 

· Periodic PUSCH [11]-[12]
In this scheme, the PUSCH resources for multiple periodic CSI reporting in a subframe are reserved per UE via higher-layer signaling. The PUSCH approach may convey more CSI reports than that in the PUCCH approach. Furthermore, the PUCSH transmission scheme for periodic CSI + HARQ ACK reporting is already supported in Rel-10. The potential disadvantages of this solution are insufficient multiplexing capacity and increased UL overhead if each resource is reserved for each UE and multiple periodic CSIs are reported every reserved subframe in the same way as in the existing periodic CSI reporting. In order to reduce the UL overhead, the DL assignment could be introduced to trigger periodic PUSCH transmission if needed as shown in Fig. 1. Furthermore, to address the multiplexing capacity problem, a set of PUSCH resources is configured by higher layer signaling and each resource is shared by multiple UEs. In Fig. 1, 2 bits are reserved in the DL assignment for triggering the PUSCH reporting and a set of 3 PUSCH resources are assigned to each UE. If the PUSCH reporting is not requested, this PUSCH resource can be used for data transmission. This way, the UL overhead can be reduced and the multiplexing capacity problem can be resolved although the triggering bit must be specified in the DL assignment.
DL throughput loss can be avoided using these techniques; however, the increase in the UL overhead by introducing these techniques should be taken into account at the same time. The necessity for UL signaling enhancement should be carefully investigated considering the tradeoff between the improvement in the DL throughput and the increase in the UL overhead and the impact to the specifications. Otherwise, an UL overhead reduction scheme such as the DL assignment-based triggering mechanism can be considered. 
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Figure 1 – Periodic PUSCH reporting using DL assignment-based triggering.
4. Conclusion

In this contribution, we clarified a motive common motivation to the issues of multiple periodic CSI in a subframe and periodic CSI + HARQ-ACK in a subframe. The motivation for these two issues is to avoid dropping of the CSI which impacts the DL throughput and the PDCCH transmission power control. According to these observations, the candidate solutions are summarized. Reusing PUCCH format 3 could be considered as the reference in the evaluations to demonstrate the extent to which enhancement is required. We also proposed periodic PUSCH reporting triggered by DL assignment that can offer a good trade-off between the DL throughput and UL overhead.
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