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1. Introduction

At the previous RAN1#61bis meeting in Dresden, several contributions on the CSI feedback signaling for Rel-10 downlink MIMO transmission have been presented and then, the two ways forward [1] and [2] were discussed. The chairman noted that companies are strongly encouraged to work together to come up with a joint way forward by referring to yet another way forward document [3], which has not been discussed online due to the lack of time. From our understanding, the following list briefly summarizes the agreements that have been made so far and the remaining issues that still need further discussions towards the finalization of the feedback signaling issue for Rel-10: 
· Aperiodic feedback over PUSCH

· Agreements [4]:

· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework
· Report is self-contained in the same subframe
· Remaining issues:

· Necessity of new Mode 3-2: higher-layer configured subband W2 and subband CQI
· Periodic feedback over PUCCH
· Agreements [4]:
· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework
· Definitions of CSI Mode 1 (W1 and W2 are signaled in separate subframes) and CSI Mode 2 (W is determined by a single report confined to a single subframe)

· Remaining issues:

· Details of CSI Mode 1 and 2 and selection of them (if necessary)
· Necessity of subband W2 report
In this contribution, we will explain our further views on CSI feedback signaling by addressing these remaining issues.

2. Views on Aperiodic Feedback over PUSCH

In Rel-8 LTE, aperiodic CQI/PMI/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 [6]. Note that Mode 2-0 and Mode 3-0 with no PMI feedback are out of scope. 
· Wideband CQI + Subband PMI (Mode 1-2)

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

· Higher-layer configured subband CQI + Wideband PMI (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 [4], we consider only Modes 1-2, 2-2, and 3-1 of Rel-8/9 as extension for Rel-10 as baseline. This means that, for example, a new mode such as Mode 3-2, namely higher-layer configured subband PMI + subband CQI, should be considered with lower priority for Rel-10.
Furthermore, as agreed in the way forward [4], 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 Feedback over PUCCH
In Rel-8 LTE, periodic CQI/PMI/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 [6]. Note that Mode 1-0 and Mode 2-0 with no PMI feedback are out of scope.  

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

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

As already agreed in [4], natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework has to be considered where R1-101683 is the agreed way forward introducing the double codebook structure. Since the double codebook framework requires two PMIs for W1 (targeting wideband and/or long-term channel properties) and W2 (targeting frequency-selective and/or short-term channel properties) to determine a finally chosen precoder W, instead of single PMI for Rel-8 as shown in Fig. 1, there are a large variety of possible extensions of Rel-8 CQI/PMI/RI reporting modes. In the following, we address each of the remaining issues that are summarized in Section 1.
3.1. CSI Feedback Modes
One of the remaining issues is whether the two PMIs for W1 and W2 should be determined in a single report confined to a single subframe (CSI mode 2) or they are signaled in separate subframes (CSI mode 1). Although W1 is wideband per definition, W2 can be either wideband or subband [4]. We point out that there is certain risk of confusion when we discuss about CSI mode 1 and mode 2 together with wideband and subband W2 (as it is the case in [4]). We suggest using the terminology of CSI mode 1 and 2 only in the context of wideband W2 since it is rather obvious to report W1 and subband W2 (if supported) in separate subframes over PUCCH, i.e., in CSI mode 1. By limiting the scope of the terminology to wideband W2, we are able to discuss the two issues separately: (1) how to report wideband W2 and (2) necessity of subband W2. In the following, our argument is based on this definition of the terminology and we discuss the two issues separately in the different subsections.
Currently, we are still open for the details about CSI mode 1 and CSI mode 2. However, we prefer a consistent solution that all the finally selected feedback modes follow either CSI mode 1 or CSI mode 2 in order to reduce the number of options and to simplify the final specification.
Besides the details about CSI mode, we suggest to pay attention to the codebook indexing. Since the double codebook structure introduces an increased amount of feedback bits, it is likely that the feedback information is less protected as compared to the Rel-8 feedback modes. What we should avoid is, for example, one bit feedback error results in choosing a wrong beam at eNB that points a completely wrong direction than that of UE reported. That makes an adaptive modulation and coding more unreliable. And if such error occurs for long-term CSI, the problem lasts persistently. A particular example of relaxing such deteriorating effect is described in Appendix and we do not discuss further on this issue in the main text. However, we would like to point out the potential importance of codebook indexing against the impact from the less protected feedback bits.
3.2. Baseline Modes: Mode 1-1 and 2-1 (Wideband W2)

Following the same principle of having only wideband PMI as for Rel-8 feedback, we consider that the subband size of selecting W2 for Rel-10 over PUCCH 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. We separately discuss the necessity of subband W2 in Section 3.3.
Now, with our focus on wideband W2 there are two alternatives of CSI mode 1 and CSI mode 2. As discussed in the previous section, we are still open for the details and some example configurations of extending Rel-8 Mode 1-1 are illustrated in Fig. 2 (cf. Fig. 1(a)). We note that these are simply examples and we are still open for other configurations such as introducing another report conveying both W1 and wideband W2 separated from RI report and wideband CQI report [7]. 
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Figure 2 – Example extensions of Rel-8 Mode 1-1 by CSI Mode 1 and Mode 2. 

Some examples of extending Rel-8 Mode 2-1 by CSI mode 1 or 2 are illustrated in Fig. 3. Again, these are just example configurations and we are still open for other configurations. What is important to note here is that the extension of Rel-8 Mode 2-1 should preferably be a direct superset of the respective extension of Rel-8 Mode 1-1 in Fig. 2. This is analogous to the relationship between Rel-8 Mode 1-1 and Rel-8 Mode 2-1 (cf. Fig. 1). Only the difference should be additional subband CQI of the UE selected bandwidth parts. This simplifies the specification effort and makes it consistent. There might be also certain advantage from the implementation point of view.
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Figure 3 – Example extensions of Rel-8 Mode 2-1 by CSI Mode 1 and Mode 2 as direct supersets of the respective extensions of Mode 1-1 in Fig. 2.
At this moment, we think that these extensions of Rel-8 Mode 1-1 in Fig. 2 and of Rel-8 Mode 2-1 in Fig. 3, both of which are based on wideband W2, are sufficient for Rel-10. In the next section, we discuss about the necessity of reporting subband W2 over PUCCH.
3.3. Discussion on Necessity of New Mode 2-2 (Subband W2)

We are basically negative about introducing new Mode 2-2 with subband W2 report, but there is still room to support it in order to make a progress on this issue in the RAN1 meeting if sufficient gain over Mode 2-1 can be shown. We, however, note that we should not support both Mode 2-1 and Mode 2-2. We should choose only one of these modes to reduce the testing burden and specification effort. Furthermore, if new Mode 2-2 should be supported, it should be a direct superset of the respective extension of Rel-8 Mode 1-1 shown in Fig. 2, i.e., the additional subband information is the only difference from the extension of Rel-8 Mode 1-1. Some examples of Mode 2-2 are illustrated in Fig. 4. 
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Figure 4 – Example extensions of Rel-8 Mode 2-1 by CSI Mode 1 and Mode 2 with subband W2 PMI as direct supersets of the respective extensions of Mode 1-1 in Fig. 2.
We consider that wideband W2 should be still reported in addition to subband W2. We see several advantages of reporting wideband W2 in addition to subband W2 for new Mode 2-2 (if it should be supported). First of all, the feedback design is consistent that wideband W2 is always available that simplifies the specification and possibly also the implementation. Secondly, wideband W2 can be utilized for the subbands that are not selected within each bandwidth part to report subband W2. In other words, wideband W2 and wideband CQI can avoid the ambiguity of W2 for those subbands without subband W2 report. Therefore, we propose to feed back wideband W2 in case that Mode 2-2 should be supported.
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. 

· For aperiodic feedback over PUSCH

· Baseline modes are extensions of Rel-8 Mode 1-2, 2-2, and 3-1.

· New Mode 3-2 of higher-layer configured subband W2 and subband CQI should be considered with lower priority.

· For periodic feedback over PUCCH
· We are still open for the details about CSI mode 1 (W1 and W2 are signaled in separate subframes) and CSI mode 2 (W is determined by a single report confined to a single subframe)
· However, we prefer that all the finally selected feedback modes follow either CSI mode 1 or CSI mode 2 in order to reduce the number of options and to make them consistent.

· The terminology of CSI mode 1 and 2 should be limited to the context of wideband W2 and the necessity of subband W2 should be separately discussed.

· Baseline modes are extensions of Rel-8 Mode 1-1 and Mode 2-1 with wideband W2 PMI.
· We are basically negative about introducing new Mode 2-2 with subband W2 report, but there is still room to support it if there is sufficient gain over Mode 2-1.
· However, only one of Mode 2-1 and Mode 2-2 should be supported, not the both if Mode 2-2 needs to be supported.

· The selected mode should be defined as a direct superset of Mode 1-1. This means that only subband information (subband CSI and/or subband W2) is added on top of Mode 1-1.

· If Mode 2-2 should be supported, wideband W2 should still be reported in addition to subband W2 to make the two modes (i.e., Mode 1-1 and 2-2) consistent and also to avoid the ambiguity of W2 for subbands whose subband W2 are not reported by UE by having wideband W2.
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Appendix: Codebook index optimization
We briefly discuss about a potential importance of codebook indexing against the impact of less protected feedback bits due to and increased feedback amount as compared to the Rel-8 feedback modes. It has been agreed that at least certain amount of spatial beams have to be included in the final codebook. The spatial beams can be realized, for example, by DFT coefficients as:
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. This is an example of 8 beams for 4 Tx antennas. The respective beam patterns are illustrated in Fig. 5.
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Figure 5 – Beam patterns of DFT based spatial beams.
If we simply index the beams by mapping the column number of the DFT matrix directly to its binary representation, then for example, one bit error (100) of feedback information of (000) can lead to selecting a wrong beam that points a completely wrong direction of 90 or 270 degrees instead of the originally intended 0 or 180 degrees. Therefore, certain optimization of codebook indexing might make sense. A number of optimization techniques could be considered. One possible simple example would be to apply Gray coding to the beam indices such that the indices of immediate neighbor beams are different in only one bit as shown in Fig. 6. By doing so, only 1 bit error mostly results in choosing beams, which are just next to the originally reported one. That slightly reduces the deteriorating effect of wrongly chosen beam caused by an erroneous feedback information.
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Figure 6 – Beam patterns of DFT based spatial beams with Gray coded codebook indices.
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