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1. Introduction

At the previous RAN1#62 meeting in Madrid, a way forward document regarding the CSI feedback signaling on the PUCCH for Rel. 10 downlink MIMO transmission was presented and agreement was reached on  its modified version [1]. It defines two modes (CSI Mode 1 and 2) for extending Rel. 8 Mode 1-1 and one mode for extending Rel. 8 Mode 2-1 with some remarks as given hereafter:

· Note that for 2 and 4 Tx:

· W1 is the identity matrix and is therefore not explicitly signaled
· W2 uses the Rel. 8 codebook

· UE-specific codebook subset restriction following the Rel. 8 principle is supported in Rel. 10

· Further down-selection of the proposed three PUCCH CSI reporting modes is not precluded in the Rel. 10 timeframe
· Only the following three mode are supported:
· Extension of Rel. 8 PUCCH Mode 1-1

· CSI Mode 1 : RI and W1 signaled in the same subframe

· Codebook sub-sampling may be performed depending on the final codebook design (to ensure that the total payload is sufficiently small)

· W is determined from 2-subframe report conditioned upon the latest RI report

· Reporting format

· Report 1: RI and W1, jointly encoded 

· Report 2: wideband CQI and wideband W2 

· If W2 codebook C2 is of size 1, wideband W2 is not signaled
· CSI Mode 2 : W determined from a single subframe report conditioned upon the latest RI report in a previous subframe

· For each rank, a subset of codebook C1 and/or subset of codebook C2 are used to ensure a total payload size (W1 and W2 and CQI(s)) of at most 11 bits

· For each rank, the subset of C1 and subset of C2 are fixed and hence not configurable

· For each rank, the subset of C1 and the subset of C2 are designed either separately or jointly

· For example: different subsets of possible co-phasing are used for different groups of beam angles
· Extension of Rel. 8 PUCCH Mode 2-1

· W is determined from 3-subframe report conditioned upon the latest RI report

· Reporting format

· Report 1: RI and 1-bit precoder type indication (PTI)

· Report 2: 

· PTI = 0: W1 will be reported 

· PTI = 1: wideband CQI and wideband W2 will be reported 

· Report 3: 

· PTI = 0: wideband CQI and wideband W2 will be reported 

· PTI = 1: subband CQI, subband W2, 

· Transmission of subband selection indicator versus predefined cycling is FFS

· For 2 and 4 Tx, PTI is assumed to be set to 1 and is not signalled
In this contribution, we will explain our further views on CSI feedback signaling on PUCCH based on these agreements.
2. 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: Mode 1-1 (Wideband PMI + Wideband CQI) and Mode 2-1 (Wideband PMI + Subband CQI), are specified [3]. Note that Mode 1-0 and Mode 2-0 without PMI feedback are outside the scope of this document. As agreed in [1], only wideband PMI feedback modes (CSI Mode 1 and 2) are considered as extensions of Rel. 8 Mode 1-1 whereas subband PMI is newly introduced as an extension of Rel. 8 Mode 2-1 with the new concept of the so-called PTI.

The remaining issues for Mode 1-1 include a concrete method for codebook sub-sampling to compensate for the increase in the number of feedback bits due to the double codebook structure as well as further down-selection of CSI Mode 1 and 2, if necessary. As we expressed in our last contribution [2], we are basically opposed to employing the subband W2 report on PUCCH and thus, we believe that Mode 1-1 should be considered with higher priority. However, since Mode 2-1 with the PTI concept of reporting subband W2 has been newly introduced and agreed upon, we believe that it is important to study thoroughly this mode and make it as practical and robust as possible.
2.1. Mode 1-1
We consider Mode 1-1 as the primary feedback mode on PUCCH [2]. Since the concrete codebook design was agreed upon in [7], it is now possible to study CSI Mode 1 and 2 [1] using a concrete number of feedback bits according to the agreed codebook in [7].
In the case of CSI Mode 1, RI and wideband W1 are jointly encoded and reported in the same subframe. As also discussed in [4], [5], sub-sampling of W1 would be necessary in order to keep the protection level of the subframe reporting RI and W1 reasonably good as compared to the encoding of RI alone in Rel. 8 LTE. On the other hand, wideband W2 is jointly encoded with wideband CQI and sub-sampling is not necessary since W2 requires 4 bits that are equivalent to the Rel. 8 feedback. Thus, the advantage of CSI Mode 1 can be described as being that sub-sampling is only necessary for W1 while the disadvantage is the reduced reliability of RI as well as the potential risk of error propagation since W1 and W2 are reported separately with a typically longer period configured for reporting RI and W1.
CSI Mode 2 requires more substantial sub-sampling of W1 and W2 as they are jointly encoded with wideband CQI and are reported in the same subframe [6]. In particular for rank 2, two CQI values must be reported, in which finer codebook granularity would lead to better spatial resolution in correlated scenarios. This is, however, difficult to achieve since two CQI values already require 7 bits and only 4 bits are available for W1 and W2. Thus, the disadvantage of CSI Mode 2 is the tight constraint for sub-sampling and spatial resolution may be limited whereas there is no risk of error propagation since W1 and W2 are always reported together. This is an advantage. It is also noted that reporting of RI is well-protected since it is encoded alone as is the case for Rel. 8. This could be advantageous for UEs experiencing low channel quality.
Based on our observations above, we see that CSI Mode 1 and 2 have different advantages and disadvantages from technical viewpoints. However, considering operational as well as implementation viewpoints, it is more than enough to keep both modes and thus, down-selection would make sense. If we should down-select CSI Mode 1 and 2, it is necessary to consider a realistic error property over PUCCH to study and compare these modes. However, if we could not decide on selecting one mode at this meeting, we should probably consider keeping both modes and give priority to the completion of the specification, rather than spending too much time for the down-selection since the timeline for Rel. 10 is limited. We could then carefully conduct investigations to decide later which mode may be considered as an optional feature, if necessary.
2.2. Mode 2-1
The new Mode 2-1 for Rel. 10 agreed in [1] is an extension of Rel. 8 Mode 2-1 by adding new one bit information to RI. The newly introduced one bit of information is called PTI, which indicates whether or not wideband W1 is reported in the succeeding subframe. The PTI can be dynamically set by a UE. If PTI = 0 in Report 1, wideband W1 is signaled in Report 2 followed by wideband W2 and wideband CQI in Report 3, otherwise PTI = 1 is set in Report 1 and wideband W1 is not signaled in Report 2, instead, wideband W2 and wideband CQI are signaled in Report 2 followed by subband W2 and subband CQI in Report 3. As explained in [8], [9], and [10], the main idea of having the PTI is to avoid reporting of wideband W1 with a regular periodicity, and instead, to enable W1 report only when it is changed from the previously reported one.
From our understanding, if PTI = 1, W1 is not reported, and in that case, the latest report of W1 in the past is assumed at the eNB for computing final precoder W together with wideband W2 in Report 2 and with subband W2 in Report 3. Based on this understanding, we see that some careful handling of PTI is necessary.
One of our concerns is the risk of error propagation. If PTI = 1 is continuously chosen at a UE for a certain period, the same W1 is assumed at the eNB for that period. This means that, once W1 happens to be erroneously detected, the error will propagate persistently. It should also be noted that the importance of Report 1 is increased since Reports 2 and 3 are erroneously interpreted, if the PTI value is falsely detected. Therefore, in order to avoid such catastrophic behavior and to make the system more stable and robust, we believe that it makes sense to introduce certain maximum period, at which the UE must set PTI = 0 and report wideband W1 in Report 2. Such a period may be semi-statically configured via RRC signaling. By doing so, we could control the risk of error propagation and minimize other potential misbehavior.
Another concern is the potential ambiguity of interpretation of PMI for W1 when PTI changes from 0 to 1. Since Report 2 signals a W1, when PTI = 0 in Report 1, the content of Report 2 is in fact the respective PMI for the W1. In the next subframe for Report 1, an optimum W1 is computed again. If the newly computed W1 is determined based on the RI and PMI, the question is how to determine the PTI value properly. Logically speaking, any change of at least one of the RI and PMI means that W1 is changed since W1 is determined from the codebook using both RI and PMI, and thus, even if the PMI were not changed, the PTI should be set 0 when RI is changed. This is not so clear from the current description of the agreements and we believe it is worth describing the UE behavior clearly. This is just an example. We believe that further careful consideration is needed to avoid such potential ambiguities under various conditions that could lead to unexpected system behavior.
3. Conclusions

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

· Mode 1-1
· We consider Mode 1-1 as the primary feedback mode on the PUCCH and should be considered with a higher priority than Mode 2-1.

· CSI Mode 1 and 2 have different advantages and disadvantages from technical view points.
· From operational and implementation viewpoints, it is more than enough to keep both CSI Modes 1 and 2, and thus down-selection may be considered.

· If we should down-select CSI Mode 1 and 2, it is necessary to consider a realistic error property of the PUCCH to compare these modes.

· However, we should give higher priority to the completion of the specification, rather than spending too much time for the down-selection since the timeline for Rel. 10 is limited. In that sense, we should also consider the possibility of keeping the both modes. We could then carefully conduct investigations to decide later which mode may be considered as an optional feature, if necessary.
· Mode 2-1
· There seems to be the potential risk of catastrophic behavior such as error propagation of erroneously detected W1 as long as PTI = 1 is continuously selected or misinterpretation of Reports 2 and 3 if the PTI value is falsely detected. Therefore, it would make sense to introduce an RRC-configured certain maximum period, at which the UE must set PTI = 0 and report wideband W1, in order to control the risk of such potential misbehavior.
· Further careful considerations are needed for clearer and more detailed description of how information should be computed and interpreted in various conditions to avoid potential ambiguities that could lead to unexpected system behavior.
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