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1 Introduction

In RAN1 #62 in Madrid, Aug. 2010, the following agreement has been made:
· 2Tx Rel.10 codebook is the 2Tx Rel.8 codebook

· 4Tx Rel.10 codebook is the 4Tx Rel.8 codebook

Moreover, 8Tx codebook has been agreed in R1-105011. Therefore, in Rel-10, the codebook discussion has been mostly finished (although remaining details for 8tx codebook, such as subsampling, are still under study). However, possible CQI/PMI enhancements are not precluded according to the following agreement:

· 2 & 4 Tx Rel.10 CQI, and if possible PMI/RI, feedback accuracy is to be enhanced in a straightforward way targeting both MU-MIMO and SU-MIMO improvement, taking the performance/overhead tradeoff into account
· 8 Tx Rel.10 CQI (at least) feedback accuracy is to be enhanced in a straightforward way targeting both MU-MIMO and SU-MIMO improvement, taking the performance/overhead tradeoff into account
In this paper, we discuss possible CQI/PMI enhancements in Rel-10 time frame.
2 Possible CQI/PMI Enhancements
Based on the online discussion in last meeting, possible enhancements seem to include three approaches: 1) PUSCH mode 3-2, 2) multi-rank reporting, and 3) BCI/delta CQI reporting. We discuss those possibilities as follows.
Method 1: PUSCH mode 3-2. With PUSCH mode 3-2, subband CQI and subband PMI can be sent in the same report. Such reporting can enhance the frequency granularity of feedback, compared with Rel-8 reporting modes.
The standardization effort to specify PUSCH mode 3-2 is relatively low and seems a realistic target in Rel-10 time frame. However, increasing the number of reporting modes would consequently increase UE complexity. Therefore, if we want to specify PUSCH mode 3-2, we need to show its performance gain over Rel-8 reporting modes.

In the simulation in [1], PUSCH mode 3-2 shows only marginal gain over mode 3-1 (at least for 4Tx). We believe more simulations shall be needed to validate the need of PUSCH mode 3-2 in Rel-10 (such as simulation for 8Tx). Therefore, we propose:
· Before specifying PUSCH mode 3-2, its performance gain over mode 3-1 needs to be shown.

Method 2: Multi-rank reporting. In case a UE is configured in multi-rank reporting mode, if a UE feeds back a PMI/CQI with high RI (e.g., RI = 3), the UE also additionally feeds back a PMI/CQI assuming lower RI (e.g., RI = 1 or RI = 2). The additional low rank feedback is intended to be used for MU-MIMO operation at eNB.
Multi-rank reporting, although simple, we see the following discussion points:

1) If a UE feedback a high RI, typically the UE experiences large angular spread. Such environment is not very friendly to MU-MIMO. Therefore, it is unclear if MU-MIMO specific feedback (such as multi-rank reporting) is useful in such scenario.

2) We expect, in Rel-10 timeframe, the most realistic UE are equipped with (up to) two antennas. Moreover, as we just discussed, MU-MIMO is useful when UE reported RI is low (1 or 2) even if the number of UE antenna exceeds two. However, multi-rank reporting does not help MU-MIMO with low RI, which seems to be the major use case of MU-MIMO.
3) Even if in some rare cases, a UE reports high rank RI and MU-MIMO operation is beneficial (i.e., low rank PMI/CQI is preferred), there is still other mechanism that can enable MU-MIMO operation. For example, the eNB may simple apply rank restriction on the UE. Such method is simpler to specify and (in our opinion) can perhaps achieve similar performance with multi-rank reporting.

Overall, we propose:
· Performance of multi-rank reporting with 1/2/4 Rx UEs shall be all considered.
· For 4Rx UE, its performance can be compared with rank restriction method.
Method 3: BCI/delta CQI reporting. If a UE is configured in such report mode, a UE would report an additional PMI that is most preferred to be used by the paired UE (this additional PMI is called “BCI”), and also report how much the CQI of the UE itself would be reduced compared with non-pairing case, i.e., delta CQI. Such reporting has been shown to be effective for MU-MIMO operation, at least for certain eNB/scheduler implementation, e.g., at least when there is no CQI control (or inaccurate regularization) and outer loop CQI control via A/N feedback [2].
Considering the limited time left for Rel-10 and the agreement in last meeting “in a straightforward way”, we believe BCI/delta CQI, in Rel-10 time frame, should be specified with relatively limited scope and focus on the part that we can finish in Rel-10. Details are as following:

1) BCI with double codebook. Double codebook has been agreed for 8Tx in last meeting. However, firstly the details of 8Tx reporting mode are still under discussion. For example, down-selection of reporting modes is still possible in RAN1 #62bis. We feel a bit difficult to specify BCI with double codebook while the reporting of double codebook is discussed in parallel. Secondly, we would like to allow each company to have a bit more time to have deeper understanding and simulate/implement the agreed 8Tx double codebook. Thirdly, 8Tx deployment in Rel-10 timeframe seems not so practical. Most eNBs will be equipped with up to four antennas. We do not see a need to hastily optimize MU-MIMO performance for 8Tx antenna. Therefore we propose:
· In Rel-10, no need to support BCI in case of double codebook (8Tx)
· Can be considered in future releases
2) BCI with different PMI reporting modes. There are multiple reporting modes for PMI. Because BCI is associated with PMI, a natural question is the BCI “reporting mode” in case of different PMI reporting mode. However, for simplicity and timeliness, we propose to put BCI reporting with either subband/UE-selected CQI or multiple PMI to future releases, which implies:
· If BCI is supported in Rel-10, consider BCI only in case of PMI PUCCH mode 1-1

3) Rank of BCI/delta CQI. MU-MIMO is possible with up to two layers per UE. At this stage the exact performance gain of allowing rank2 BCI has not been fully discussed. We note that, either reporting rank 2 BCI or reporting BCI with rank 2 PMI, would need to report two delta CQIs for each BCI reporting. Therefore, if we want to allow rank 2 BCI, we shall need a method to efficiently report two delta CQIs.

We further note that multiple delta CQI reporting problem exist for multiple single rank BCI reporting as well, which has been shown to achieve certain performance gain [2]. It is likely that a solution for multiple delta CQI reporting can work for both rank2 BCI and multiple single rank BCI reporting. A simple bundling of delta CQI may work but at this stage is still unclear if finer method is needed. Therefore, we propose 

· Further study the need of multiple single rank BCI and rank 2 BCI reporting
· Strive to identify a solution of multiple delta CQI reporting (may start from bundling of delta CQI)
4) BCI periodicity. There are two possibilities for BCI reporting periodicity: i) same periodicity with PMI, or ii) slower periodicity than PMI. For the former case, the advantage of BCI accuracy but the overhead can be relatively low. For the latter case, the pro is overhead but BCI aging may be concerned. We consider the periodicity issue FFS. We also think the BCI can be dropped if it collides with aperiodic reporting or A/N feedback.
· FFS if the periodicity of BCI should be the same as PMI or slower than PMI

5) BCI configurability. In our opinion, BCI should be configurable. If an eNB does not implement MU-MIMO, it should be able to turn off BCI reporting to avoid additional reporting. Therefore we propose:
· Consider if RRC signalling is needed to turn on/off BCI reporting
6) Further refinements. There are currently some possible enhancements on top of BCI reporting, e.g., orthogonal subset restriction, and/or reporting delta CQI only (assuming a predefined BCI cycling). In our view, those maybe a bit deviated from the “straightforward way”, and maybe considered in future releases.
3 Conclusions
Possible CQI/PMI enhancement in Rel-10 time frame is discussed in this paper. Through the discussion, we propose followings.
For Method1:
· Before specifying PUSCH mode 3-2, its performance gain over mode 3-1 needs to be shown.

For Method2:
· Performance of multi-rank reporting with 1/2/4 Rx UEs shall be all considered.

· For 4Rx UE, its performance can be compared with rank restriction method.
For Method3:
· In Rel-10, no need to support BCI in case of double codebook (8Tx), which can be considered in future releases
· If BCI is supported in Rel-10, consider BCI only in case of PMI PUCCH mode 1-1
· Further study the need of multiple single rank BCI and rank 2 BCI reporting
· Strive to identify a solution of multiple delta CQI reporting (may start from bundling of delta CQI)
· FFS if the periodicity of BCI should be the same as PMI or slower than PMI

· Consider if RRC signalling is needed to turn on/off BCI reporting
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