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1. Introduction
In RAN1 #61 meeting, the Rel-10 feedback issues were discussed regarding feedback codebook design and UE reporting procedures. As an outcome, a way forward proposal [1] related to UE reporting was agreed as follows:

· 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

From the agreements, we can see that UE reporting procedure needs to be defined based on dual-codebook based precoder structure with CQI/PMI and RI from Rel-8/9. Since two types of reporting channels, i.e. PUCCH and PUSCH are available in Rel-8/9 for the feedback of CQI/PMI and RI, the dual-codebook based feedback could be also designed for these reporting channels supporting both aperiodic PUSCH reporting mode and periodic PUCCH reporting mode. Although details of the Rel-10 feedback codebook is not decided yet, reporting procedure can be discussed with the general agreements of the feedback codebook in order to finalize Rel-10 specification within the timeline. Therefore, in this contribution, we discuss on further details of feedback design of dual-codebook based precoder for both PUSCH and PUCCH reporting channels.
2. Dual-codebook based precoder
It is agreed that multi-granular precoding structure is employed in Rel-10 in order to reduce the feedback overhead while keeping fine beam granularity, which results in the performance enhancement of both SU-MIMO and MU-MIMO. From the agreements, the Rel-10 precoder structure for a subband can be defined by the matrix multiplication of the precoding matrices W1 and W2, where the W1 and W2 are defined from independent codebooks. These dual-codebook precoders are fed back to compose a precoder at eNB transmitter. Furthermore, one of the matrices W1 and W2 is used in long-term/wideband manner and the other is employed in short-term/subband manner so that feedback overhead can be reduced by avoiding unnecessarily frequent feedback of W1. Although it is not decided that which matrix is used for long-term/wideband precoder, we assume that W1 is for long-term/wideband precoder hereinafter and the preferred precoding structure is discussed in the companion contribution [3].

As agreed in [2], the feedback codebook design should be targeted for 0.5λ spacing cross polarized antenna setup in 8Tx case even though the other antenna configuration is not precluded. Therefore, it is easily expected that high correlated spatial channels within the closely spaced co-polarized antenna group and low correlated spatial channels between co-polarized antenna groups. Since the wideband beam fits to highly correlated channels, the W1 precoder seems to be more appropriate to form beams for the each co-polarized antenna group and the W2 precoder can be used to adjust beams in each subband. In this case, W1 and W2 have different frequency-domain feedback granularity. In addition, since the beam direction is not dynamically changed assuming low mobility UE cases, the W1 precoder can be updated less frequently than W2 precoder. In this case, the W1 and W2 can be considered as long-term wideband feedback and short-term subband feedback, respectively.  Due to error propagation possibility, the W1 precoder should be fed back more reliable way compared to the W2 precoder if those are fed back in separate subframe. Therefore, the feedback design for dual-codebook should take the error propagation into account in the case of separate time feedback.
3. Feedback design of dual-codebook in Rel-10

In Rel-8, two types of reporting channels are defined to support both periodic PUCCH reporting modes and aperiodic PUSCH reporting modes. Since a very limited feedback overhead is only allowed in PUCCH reporting mode, coarse CSI information is periodically fed back to an eNB so that the eNB can monitor a lot of active UE in a cell. On the other hand, fine CSI information can be also obtained from PUSCH reporting by triggering with UL grant if needed for better scheduling and/or link adaptation. Therefore, both reporting channel seems to be necessary for Rel-10 feedback in order to keep the system downlink performance efficiently.

A. Extension of Rel-8 aperiodic PUSCH reporting

It is agreed that a self-contained reporting should be supported in PUSCH feedback mode since it is triggering based aperiodic reporting mode and it has enough rooms for a large amount of feedback so that a single reporting may contain all information of CSI at a time. Therefore, the time-domain multi-granular feedback option can be avoided in aperiodic PUSCH reporting mode. In Rel-8, three PUSCH reporting modes containing preferred precoding matrix index were employed such as mode 1-2, mode 2-2, and mode 3-1. Each reporting modes has different frequency granularity of CQI/PMI with different feedback overhead so that eNB can configure a reporting mode according to the channel environment and scheduler. Although it should be discussed that whether all the Rel-8 reporting modes should be extended for Rel-10 dual-codebook based feedback, the PUSCH reporting modes in Rel-8 can be simply extended to Rel-10 especially in PUSCH reporting modes. The following three PUSCH reporting modes can be considered as an extension of Rel-8 PUSCH reporting modes:

1. Mode-1 (FS PMI + FS CQI): 
· Extension of mode 2-2 in Rel-8

· The W2 is reported in each subband while the W1 keeps wideband feedback. It can be discussed that whether even W1 can be reported in subband manner.

· One set of the wideband CQI/PMI (W1, W2, CQI) can be fed back as a reference and its associated delta CQI and/or delta PMI(s) can be also considered to reduce the feedback overhead.

· The preferred CQI/PMI within the selected best –M band can be also considered for further reduce the feedback overhead
2. Mode-2 (FS PMI + WB CQI): 
· Extension of mode 1-2 in Rel-8

· The W2 is reported in each subband while the W1 keeps wideband feedback. It can be discussed that whether even W1 can be reported in subband manner.

· Wideband CQI is fed back. If the rank is higher than 1, spatial delta CQI can be also reported for the second codeword.
3. Mode-3 (WB PMI + FS CQI): 
· Extension of mode 3-1 in Rel-8

· Both W1 and W2 are reported in wideband manner

· Subband CQI(s) is reported. (one wideband CQI with subband delta CQI can be also considered)

B. Extension of Rel-8 periodic PUCCH reporting

As agreed, two CSI modes are supported in PUCCH feedback channel such as a self-contained PMI feedback and a time-separate PMI feedback. In the self-contained PMI feedback mode, all the precoding information to construct subband precoder should be contained within a PUCCH reporting. To report with the limited PUCCH capacity, the coarser CSI information should be reported to keep the robustness. Otherwise, bandwidth part cycling concept should be employed. The following two PUCCH reporting modes can be considered as an extension of Rel-8 PUSCH reporting modes:
1. Mode-1 (WB PMI + FS CQI) : 
· Extension of mode 2-1 in Rel-8

· Both W1 and W2 are reported in wideband manner.

· The support of subband W2 reporting is FFS

· The possibility of using the codebook subset of W1 and W2 is FFS.
· Subband CQIs can be reported cyclically as used in Rel-8
2. Mode-2 (WB PMI + WB CQI): 
· Extension of mode 1-1 in Rel-8

· Both W1 and W2 are reported in wideband manner. 

· The possibility of using the codebook subset of W1 and W2 is FFS.

· Wideband CQI is reported

In PUCCH reporting modes, the motivation of subband PMI reporting of W2 seems to be not that strong since PUCCH reporting is used for coarse CSI feedback and the channel aging anyhow increases CQI mismatch that may compensate frequency selective precoding gain.

4. Summary
In this contribution, we discussed on the dual-codebook based reporting modes and its reporting procedures. The discussions can be summarized as follows:
· It seems appropriate to define the dual-codebook properties as
· W1: long-term/wideband 

· W2: short-term/subband

· The concept of Rel-8 reporting modes in PUSCH and PUCCH  can be reused for Rel-8 dual-codebook reporting

· It should be discussed that which reporting modes in Rel-8 should be prioritized for the Rel-10 feedback extension 
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