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1. Introduction

At the previous RAN1#60bis meeting in Beijing, the following way forward for Rel-10 feedback in support of enhanced downlink multi-antenna transmission was agreed upon [1].
· A precoder W for a subband is a function of two matrices W1 and W2, i.e. where W1 ( C1 and W2 ( C2. The codebooks C1 and C2 are codebooks one and two, respectively.

· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties

· For PUCCH, the feedback corresponding to W1 and W2 can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send W1 and W2 in the same subframe on PUCCH).

· Periodic and aperiodic reports are independent

· For PUSCH: FFS

· FFS whether feedback corresponding to W1 and/or W2 may be switched off

It seems that there has not been much progress from the way forward [2] that was already agreed in the RAN1#60 meeting in San Francisco. Our understanding is that the only items that were decided were that periodic reporting and aperiodic reporting are respectively self-contained and that these schemes need to be separately investigated similar to the case in Rel-8/9 LTE. In this contribution, we will explain our 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. 

Here, since W1 targets the wideband/long-term channel property while W2 targets the frequency-selective/short-term time property, W1 may be reported less frequently compared to W2 with marginal performance loss theoretically, as proposed in [3]. Certainly, such operation contributes to reducing the feedback overhead to some extent. However, the effect of reducing the feedback overhead by not reporting W1 may be several bits at most (i.e., less than 10 bits). Meanwhile, the overall feedback overhead of the PMI and CQI is several tens of bits for all CSI reporting modes of Mode 1-2, 2-2, and 3-1. Consequently, the effect of reducing the feedback overhead in the case of aperiodic PUSCH reporting is relatively small. Furthermore, if such an operation to trigger independent reporting of W1 and W2 in different subframes is allowed, the eNode B must send an additional one-bit trigger indicator to differentiate the requested precoder. This may have an impact on the downlink control signaling design of the UL grant. Moreover, allowing aperiodic W1 and W2 reporting with different subframes may increase the UE testing burden. Consequently, simultaneous reporting of W1 and W2 in the same subframe with a one-bit trigger indicator in the UL grant is preferred for aperiodic reporting on the PUSCH.

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 
Fig. 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. 
Roughly speaking, two alternatives are considered to report the PMIs of W1 and W2 on the PUCCH.

· 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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(b) Alt. 1-2 

Fig. 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. We believe that before determining the CSI reporting scheme on the PUCCH, we should first determine the relationship between the two matrices, W1 and W2 as well as codebook size to drive the discussion on CSI reporting scheme.
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Fig. 3 – Alternatives 2 for periodic PMI/CQI/RI reporting on PUCCH for Rel-10 
Another way to support periodic CSI reporting is to utilize the PUSCH. If periodic PUSCH reporting is supported, the same reporting approach as aperiodic PUSCH reporting, i.e., simultaneous reporting of W1 and W2 in the same subframe is preferred to simplify the framework of CSI reporting.

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. 

· Simultaneous reporting of W1 and W2 in the same subframe with a one-bit trigger indicator in the UL grant is preferred for aperiodic reporting on the PUSCH.

· 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, to reduce the total feedback overhead of the subband PMI. 

· If periodic PUSCH reporting is supported, the same reporting approach as aperiodic PUSCH reporting, i.e., simultaneous reporting of W1 and W2 in the same subframe is preferred to simplify the framework of CSI reporting.
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