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1. Introduction

In the previous meeting, the PMI reporting scheme on PUCCH was discussed, and the subband PMI report on PUCCH is still open, as shown in the agreement below [1,2]:

· Agree on Option 2 of 754 with refinement (if needed) to be in line with the decisions on rank and CQI/PMI reports.

· FFS revert back to Option 1 if there is no coverage issue with option 1.

In this contribution, we raise some concerns with the Precoding Confirmation and subband multiple PMI report on PUCCH/PUSCH. We propose the following, to address these concerns:

· keep the current agreement of PMI report on PUCCH, e.g. NOT revert back to Option 1. 
This will reduce the large number of issues which need to be handled.
2. Concerns for PMI Synchronization

PMI values at the eNB and the UE have to be synchronized by using Precoding Confirmation on PDCCH [4], which indicates that the eNB followed the UE’s PMI recommendation for the DL transmission. In other words, Precoding Confirmation provides a simple mechanism for synchronizing PMI values on the DL. 

Although the single reporting mode seems very easy to synchronize using the “Latest Reported PMI” rule, the multiple PMI report on PUCCH requires many exceptions for PMI synchronization because PMIs are transmitted on multiple subframes, and both eNB and UE have to consider these many cases. The update timing or rules of PMI values applied to Precoding Confirmation must be specified precisely, because a mismatch of precoders causes significant performance loss [3]. 

In this section, we highlight the concerns with PMI Synchronization if we revert back to Option 1.

2.1. Example 1: Problem with PMI Synchronization in Case of Multiple PMI Report on PUCCH

Figure 1 shows an example of a problem in the case of a multiple PMI report on PUCCH by using the “Latest Reported PMI” rule. In this example, only the subband multiple PMI report on PUCCH is configured, to report wideband and subband CQI/PMI. There are three Bandwidth Parts (BPs), and each BP consists of two subbands. Squares in deep blue with “W” denote a wideband PMI which was applied to Precoding Confirmation in that subframe, and squares in light blue with “W” denote a wideband PMI transmitted/received previously. Similarly, squares in deep yellow with “S” denote a subband PMI which was applied to Precoding Confirmation in that subframe, and squares in light yellow with “S” denote a subband PMI transmitted/received previously. (Note - the delay of PMI processing in eNB is not considered in this example).
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Figure 1: Example of PMI synchronization (multiple PMI report on PUCCH)

Figure 1 shows that by applying the “Latest Reported PMI” Rule, the latest subband PMI reported (subframe 10) can be overwritten by the wideband PMI in the immediately following subframe (subframe 13), thus the latest subband PMI report information can not be used, leading to a performance loss. The following questions arise when we assume the application of “Latest Reported PMI” rule to Figure 1:

· Which timing for the transmitted/received PMIs should be applied to Precoding Confirmation - the transmitted/received timing for one BP, or for the set of all BPs?

· Should the “Latest Reported PMI” rule be applied to both wideband PMI report and subband PMI report or to the subband PMI report only?

In summary, this example shows that a performance loss results for the above case, if we revert back to Option 1 (Appendix 3 shows some candidate schemes which would be necessary to implement).

2.2. Example 2: Complexity of PMI Synchronization in the Case of Mixed Reporting Modes

In the current agreement, we have many feedback modes of CQI/PMI (See Appendix 1 and 2), and many reporting modes can be configured (e.g. PUCCH/PUSCH, aperiodic/periodic) at the same time. The “Latest Reported PMI” rule for all these reporting modes may not work as expected because each reporting mode has different physical properties and purposes. In other words, such a simple priority scheme will result in sub-optimal performance, and a more sophisticated scheme will become necessary. .

Figure 2 shows another example when two reporting modes, eNB selected PMI report on PUSCH and periodic UE selected multiple PMI report on PUCCH, are configured simultaneously. 

If the “Latest Reported PMI” rule is applied, the subband PMIs transmitted/received in subframe 12 will be overwritten immediately by the wideband PMI in subframe 13. This operation will diminish the value of the PUSCH report which includes detailed subband channel information. Therefore, the following questions also arise, in addition to those for Example 1:

· Can the wideband PMI value on PUCCH overwrite subband PMI values on PUSCH?

· If yes, how can we avoid the disappearance of subband PMI values on PUSCH in a short time?

· If no, how can we time-limit the subband PMI values for a suitable duration?
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Figure 2: Example of PMI synchronization (combination of PUCCH and PUSCH reports)

Although Figure 2 show a combination of only two reporting mode, it is required to manage many exception cases of this type. It is obviously very difficult to optimize the PMI synchronization rules for all the possible combinations because we have over 10 reporting modes in the current agreement and a large number of combinations. Furthermore, three reporting modes for the aperiodic report, periodic report on PUCCH and periodic report on PUSCH can be configured at the same time. 

It is desirable to reduce the number of reporting modes in any cases, however this becomes more critical if we revert back to Option 1.
3. Conclusion

In this contribution, we propose that the current Agreement on PMI report on PUCCH should be kept, in order to move forward quickly.

We also described some concerns regarding the usage of Precoding Confirmation and subband multiple PMI reports on PUCCH/PUSCH if we need to revert back to Option 1 of [2].

· Current PMI synchronization rules result in sub-optimal performance and can lead to misinterpretation between the UE and the eNB. Attempts to resolve these issues are not likely to be successful - 

· Optimization of the PMI synchronization is obviously complicated because we have so many PMI transmission modes and each of them has different properties and purposes.

· Especially for the multiple PMI report on PUCCH, the PMI synchronization issues will be more complicated because PMIs are transmitted/received in different subframes.
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Appendix 1. CQI/PMI reporting mode on PUSCH
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Note: Rank indicator will be always transmitted simultaneously with CQI/PMI report.

4. Appendix 2. CQI/PMI reporting mode on PUCCH
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Note: Rank Indicator will be transmitted in advance to CQI/PMI report, and CQI/PMI are calculated assuming the last reported rank indicator.

Note: Possibility to change Mode 2-1 into below (Option 1 described in R1-080754)
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5. Appendix 3. Candidates of PMI synchronization for multiple PMI report on PUCCH

In this appendix, we show three further demonstrations for the PMI synchronization of multiple PMI report on PUCCH. We assumed three cases below:

· Alt 1. Keep the transmitted/received PMIs until all the PMIs are prepared, and apply them to Precoding Confirmation at the same timing (Figure 3-1).
· Alt 2. Latest wideband PMI and subband PMIs in the corresponding BP are updated when subband PMI is transmitted/received, i.e. no operation when wideband PMI is transmitted/received (Figure 3-2).
· Alt 3. Latest wideband PMI and subband PMIs in the corresponding BP are updated when subband PMI is transmitted/received. In addition, wideband PMI can overwrite the only previous wideband PMI (Figure 3-3) when wideband PMI is transmitted/received.

In Alt 1, timing treatment would be easier than Example 1, but we must consider whether the delay to the PMI application is enough smaller than the channel variation speed. 

In Alt 2, optimum application to Precoding Confirmation considering channel variation speed can be achieved. However, the management of PMIs with each BP is a special case for subband PMI report on PUCCH, and we should consider the trade off of the complexity and benefits. Alt 3 is an extended case of Alt 2, and it can apply transmitted/received wideband report immediately. However, the management of PMIs will become more complicated than Alt 2.
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Figure 3-1: Alt 1 (based on the set of all BP) for PMI synchronization on PUCCH
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Figure 3-2: Alt 2 (based on Latest subband PMI) for the PMI synchronization on PUCCH
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Figure 3-3: Alt 3 (based on lower priority of wideband PMI) for the PMI synchronization on PUCCH

