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1. Introduction
During the email discussion between RAN1 #69 and #70 meetings, aspects of periodic feedback for CoMP are discussed in detail. Proposals are given as summary of the discussion [1]. But there are still some issues need further study and discussion. In this contribution, we discuss some of the left issues about periodic feedback for CoMP:
· CoMP-specific modifications on CSI reporting modes and/or new modes;
· Details on multiplexing and collision rules.

Further discussions on aperiodic feedback are given in the companion contribution [2].
2. Modifications on CSI reporting modes
In Rel-10, CSI reporting mode reflects wideband or frequency selective reporting information included in the CSI reporting. From this perspective, the four existing periodic CSI reporting modes are sufficient for CSI reporting for CoMP. But for CoMP CSI reporting, some new features such as common RI/PMI and common subband between CSI processes may also be supported. In this case, dependency of RI/PMI and/or subband selection among CSI processes needs to be introduced by modification of the CSI reporting modes.
Common RI/PMI has been discussed as a feature to increase the scheduling flexibility. Common RI/PMI for CSI processes of the same NZP CSI-RS resource guarantees that network receives CSIs of different interference hypotheses with the same rank and/or precoding. With the CSIs based on different interference hypotheses with the same rank, scheduler at network gets flexibility on choosing different CoMP schemes at different subbands. Moreover, common RI/PMI can reduce UE complexity in selecting PMI/RI and uplink transmission resources for feedback. To support common RI/PMI for periodic feedback, a reasonable approach could be disabling RI/PMI report for some of the CSI processes with the same RI/PMI. In this way, UE need not to measure and report RI/PMI information for these CSI processes. 
Common subband selection is another feature to increase scheduling flexibility. In periodic feedback mode 2-0 and 2-1, UE reports CQI for selected subband. The same subband can be selected for CSI processes configured with reporting mode 2-0 or 2-1 and common RI/PMI. Common subband selection provides support to JT, and can help reduce UE complexity. Furthermore, in non-PMI based feedback, reported CQIs of different CSI processes are used not only for scheduling and link adaptation, but also for inter-TP amplitude error calibration for accurate channel reciprocity [3]. Because of the frequency selectivity of inter-TP amplitude error, CQIs at the same frequency band should be used for calibration. 
To support common RI/PMI and/or common subband among CSI processes, a reference CSI process with RI/PMI and/or subband selection need to be indicated by higher layers for CSI process. When a CSI process is configured with a reference CSI process for common RI/PMI, RI/PMI should not be reported for this CSI process. Wideband CQI for the process should be calculated conditioned on the latest reported RI/PMI (or reported in current subframe) in the reference CSI process. If the CSI process is configured with subband CQI feedback, subband CQI should be calculated conditioned on the same RI/PMI used for the latest reported wideband CQI of this CSI process. When a CSI process is configured with subband CQI feedback and a reference CSI process for common subband selection, then CQI of the same subband as that of latest reported subband CQI (in the same bandwidth part) in reference CSI process is reported. . 
For example, let us consider two CSI processes, CSI process 0 and CSI process 1, which are expected to have the same RI/PMI (e.g., two processes corresponds to the same NZP CSI-RS, but different interference hypotheses). RI and, PMI are not reported for CSI process 1 when process 0 is configured as its reference. Reporting mode configured for CSI process 0 is mode 2-1, including RI report, wideband PMI/CQI report, and subband CQI report; reporting mode configured for CSI process 1 is also mode 2-1. As shown in Figure 1, only wideband CQI (T4) and subband CQI (T5) should be reported for CSI process 1. The calculation of wideband CQI of CSI process 1 (T4 at s3 of the first radio frame and s8 of the second radio frame) is conditioned on the latest reported RI (T1 at s1 of the first radio frame and s6 at the second radio frame respectively) and/or PMI (T2 at s2 of the first radio frame and s7 at the second radio frame) (or reported in the same subframe) reported in CSI process 0. Calculation of subband CQI of CSI process 1 is conditioned on RI/PMI used for the calculation of latest reported wideband CQI of this process. 
In another example, two CSI processes are required to report common subband CQI. CSI process 0 is configured as reference of CSI process 1. That is, CQI of the same subband as that of latest reported subband CQI (in the same bandwidth part) in CSI process 0 (T3 at s7 of the first radio frame and s2 of the second radio frame) is reported for CSI process 1 (T5 at s8 of the first radio frame and s3 of the second radio frame). The subband label is not reported in CSI process 1. The example is illustrated in Figure 2. .
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Figure 1: Example of reporting type selection and PMI/RI indication for CSI reporting modes with common RI/PMI
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Figure 1: Example of subband indication for CSI reporting modes with common subband
Proposal 1: If common RI/PMI is supported, a CSI process is associated with a reference CSI process by higher-layer signaling. RI/PMI of the CSI process follows its reference CSI process.
Proposal 2: If common subband is supported, a CSI process is associated with a reference CSI process by higher-layer signaling. Subband selection of the CSI process follows its reference CSI process.
3 On multiplexing and collision
For optimum coordination, CSI reports of multiple CSI processes are required. Multiplexing should be used for reporting types of different CSI processes. As to CSI report container for multiplexing, PUCCH format 2 and format 3 may be used. According to the email discussion, use of PUCCH format 3 and support for multiplexing of CSIs for CoMP could be considered if they are accepted in CA. 
A PUCCH format 3 container carries maximum 22 information bits, and a PUCCH format 2 container in Rel.10 only carries maximum 11 information bits [4]. Obviously, PUCCH format 3 provides much more space and flexibility for multiplexing, but it takes more PUCCH resources than PUCCH format 2 does. PUCCH format 2 could be more effective in scenarios where PUCCH format 2 container is sufficient for multiplexing. For instance, when non-PMI feedback is reported for each configured CSI process in TDD CoMP, or when single-port feedback configured with reporting mode 1-0 or 2-0 is reported, CSI reports of at least two CSI processes can be multiplexed in a PUCCH format 2 container. 
With more than one PUCCH formats supporting multiple CSI process feedback multiplexing may lead to more complexity at network side. The starting position and reserved PUCCH resources for both format 2 and format 3 need to be taken into account with the application of CoMP. However, it depends on implementation at network and could be simplified, e.g. applying format 2 multiplexing principle in TDD only.
Proposal 3: Both PUCCH format 3 and format 2 are recommended for multiple CSI process feedback multiplexing in CoMP.

No matter PUCCH format 3 or format 2 is used for multiplexing, a CSI report container may not be able to carry all the collided CSI reports, particularly from more than 2 CSI processes If the total periodic CSI report payload in a subframe is within the maximum payload of the container, all the collided CSI reports could be reported in the container. Otherwise, residual bits need to be dropped, i.e., following the basic principle of CA, there is not additional compression mechanism to report all CSI information at the same instant.

To decide the dropped bits after multiplexing, dropping rules are required. To follow the principle of collision rules in CA, we can first drop CSI reports whose reporting type has lower priority, and then the CSI reports of CSI process with lower priority of. The priority for CSI processes could depend on the index of CSI process, e.g. CSI process with lower index has higher priority. An example for the discussed multiplexing and dropping rule is given in Figure 2. As shown in Figure 2, at s2 of the first radio frame, CSI report T2 is dropped because T2 has lower type priority than T4 although CSI process 1 has higher priority than CSI process2, and CSI process 1 has lower priority than CSI processes 0 at this feedback subframe. At s7 of the first radio frame and second radio frame, CSI report T3 is dropped because T3has lower type priority than T1 and T5.
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Figure 2: Example for multiplexing and dropping in case of collision
Proposal 4: CSI reports of different CSI processes should be multiplexed according to maximum payload of the PUCCH container ; the residual bits should be dropped according to reporting type priority first and then CSI processes priority.
4 Conclusion
In this contribution, we further discuss some left issues for periodic feedback for CoMP, including:
· CoMP-specific modifications on CSI reporting modes and/or new modes;
· Details on multiplexing and collision rules.

According to the discussion, we propose:
Proposal 1: If common RI/PMI is supported, a CSI process is associated with a reference CSI process by higher-layer signaling. RI/PMI of the CSI process follows its reference CSI process.
Proposal 2: If common subband is supported, a CSI process is associated with a reference CSI process by higher-layer signaling. Subband selection of the CSI process follows its reference CSI process.
Proposal 3: Both PUCCH format 3 and format 2 are recommended for multiple CSI process feedback multiplexing in CoMP.

Proposal 4: CSI reports of different CSI processes should be multiplexed according to maximum payload of the PUCCH container ; the residual bits should be dropped according to reporting type priority first and then CSI processes priority.
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