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1. Introduction

At the previous RAN1#61 meeting in Montreal, the following way forward for Rel-10 feedback in support of enhanced downlink multi-antenna transmission was agreed upon [1].
· Aperiodic PUSCH: 

· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework
· The report in aperiodic PUSCH is self-contained in the same subframe 
· One report can contain both W1 and W2 

· In case one of W1/ W2 is fixed, one report can contain W1 only or W2 only

· Regardless of which, the precoder W is derived from W1 and W2
· The same report contains RI and CQI

· Periodic PUCCH

· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework

· W1/ W2 reporting procedure 

· CSI Mode 1: W1 and W2 are signaled in separate subframes 

· W2 could be wideband or subband
· CSI Mode 2:  W is determined by a single report confined to a single subframe, e.g.

· one of W1/ W2 could be fixed and hence does not need to be signaled 

· W1/ W2 is not fixed but still does not necessarily need to be signaled

· But the precoder W is still derived from W1 and W2
· W2 could be wideband (i.e., subband size could be the system bandwidth)

· FFS: RI and CQI reporting details

In this contribution, we will explain our further views on the periodic and aperiodic CSI reporting of a double codebook structure on the PUCCH and PUSCH for Rel-10.
2.  Views on Aperiodic CSI Reporting Schemes on PUSCH for Rel-10
In Rel-8 LTE, aperiodic PMI/CQI/RI reporting on the PUSCH with one-bit trigger indication in the UL grant is supported. Considering the tradeoff between the feedback overhead and performance gain, the following combinations are supported as Rel-8 CSI reporting [2]. Note that Mode 2-0 and Mode 3-0 with no PMI feedback are out of scope. 
· Subband PMI + Wideband CQI (Mode 1-2)

· UE selected subband PMI + UE selected subband CQI (Mode 2-2)

· Wideband PMI + Higher-layer configured subband CQI (Mode 3-1)

Taking into account the limited timeline before the Rel-10 specifications are frozen, we believe that we should reuse the Rel-8 CSI feedback framework as much as possible even for Rel-10 feedback based on a double codebook structure to reduce the burden of specification effort. More specifically, as “natural extension of CQI/PMI/RI modes from Rel-8/9” in the agreed way forward [1], we consider only modes 1-2, 2-2, and 3-1 of Rel-8/9 as extension for Rel-10 and not more. This means that, for example, a new mode such as Higher-layer configured subband PMI + subband CQI should not be considered for Rel-10.
Furthermore, as agreed in the way forward at the previous meeting [1], the report in aperiodic PUSCH is self-contained in the same subframe. Therefore, both reports of W1 and W2 are basically included in one subframe except when either W1 or W2 is fixed. Especially, when rank > 2, it might make sense to fix one of W1/W2, since the codebook design for rank > 2 should not be targeted for MU-MIMO but only for SU-MIMO with less correlated scenario and in this case significant performance loss would not be observed even when W1 (or W2) is fixed.
3. Views on Periodic CSI Reporting Schemes on PUCCH for Rel-10
In Rel-8 LTE, periodic PMI/CQI/RI reporting is supported on the PUCCH. Considering the limited amount of CSI feedback on the PUCCH, only the wideband PMI feedback modes, i.e., single PMI modes, are supported as follows [4]. Note that Mode 1-0 and Mode 2-0 with no PMI feedback are out of scope.  

· Wideband PMI + Wideband CQI (Mode 1-1) (Fig. 1(a))

· Wideband PMI + Subband CQI (Mode 2-1) (Fig. 1(b))
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(a) Mode 1-1 
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(b) Mode 2-1 
Figure 1 - Periodic PMI/CQI/RI reporting on PUCCH in Rel-8 LTE 

Following the same principle as for Rel-8 feedback, we consider that the subband size for selecting precoder W2 for Rel-10 feedback should be set to the system bandwidth or bandwidth of a component carrier (CC), e.g., 20 MHz, in order to reduce the total feedback overhead of the subband PMI. More specifically, we should not consider the additional feedback mode to support subband PMI for the Rel-10 periodic PUCCH.  
If both W1 and W2 are reported, two alternatives are considered to report the PMIs of W1 and W2 on the PUCCH. It is noted that if either W1 or W2 can be fixed for the PUCCH reporting, we can consider the reporting only for the other non-fixed PMI.
· Alt. 1: W1 and W2 are reported in the same subframe

· Alt. 2: W1 and W2 are reported in different subframes

If Alt. 1 is supported, following alternatives are considered. 

· Alt. 1-1: W1 and W2 are reported in the same subframe as wideband CQI (Fig. 2(a)).
· Alt. 1-2: W1 and W2 are reported in different subframes from wideband/subband CQI and RI (Fig. 2(b)).
We consider that Alt. 1-1 is the simplest way since the same feedback framework as that for Rel-8 LTE can be reused. However, one potential drawback is that the feedback overhead in the subframe to report W1, W2, and wideband CQI is increased too much. Therefore, Alt. 1-2 can also be considered as another alternative. 
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Figure 2 – Alternatives 1 for periodic PMI/CQI/RI reporting on PUCCH for Rel-10
If Alt. 2 is supported, there are some ways that can be considered to multiplex W1 and W2. Here, since CQI generally track the short-term channel property, we consider that simultaneous reporting of W2 and wideband CQI seems more natural for Alt. 2. Furthermore, when W1 and W2 are reported in different subframes, we need to take care of the impact of error propagation. Taking into account the following factors, two alternatives are considered for Alt. 2. 

· Alt. 2-1: W2 is reported with wideband CQI, and W1 is reported in the same subframe as RI (Fig. 3(a)) [5].
· Alt. 2-2: W2 is reported with wideband CQI, and W1 is reported in a different subframe from the RI and wideband/subband CQI (Fig. 3(b)).
Here, it is noted that for both Alt. 1 and Alt. 2 case, when reporting of subband CQI is configured as shown in Fig. 1(b), we consider that subband CQI should be reported in different subframe as W1, W2, wideband CQI, and RI so that the number of reporting combinations of W1, W2, wideband/subband CQI, and RI are not unnecessarily increased. This is useful for reducing the testing burden of UE feedback. 
We do not have any preference on which alternative is used at this stage. We consider that it highly depends on the relationship between W1 and W2 and codebook size. We believe that before determining the CSI reporting scheme on the PUCCH, we should finalize the codebook design (at least the relationship between W1 and W2) as soon as possible to drive the discussion on CSI reporting scheme.
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Figure 3 – Alternatives 2 for periodic PMI/CQI/RI reporting on PUCCH for Rel-10 
4. Conclusions

This contribution provided our current views on periodic and aperiodic PMI/CQI/RI reporting of a double codebook structure on the PUCCH and PUSCH in Rel-10. Our current views are given below. 

· We should reuse the Rel-8 CSI feedback framework as much as possible even for Rel-10 feedback based on a double codebook structure to reduce the burden of specification effort. More specifically, we consider only modes 1-2, 2-2, and 3-1 of Rel-8/9 as extension for Rel-10 and not more for the aperiodic PUSCH reporting.
· For periodic reporting on the PUCCH, the subband size for selecting precoder W2 should be set to the system bandwidth or bandwidth of a component carrier (CC), e.g., 20 MHz, for all the PUCCH reporting mode.
· In case of rank > 2, it might make sense to fix one of W1 or W2 to reduce the feedback overhead. This is because the codebook design for rank > 2 should be targeted only for SU-MIMO with less correlated scenario, and significant performance loss would not be observed even when W1 (or W2) is fixed.
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