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1. Introduction
In 3GPP RAN1 #62 meeting, the extension of Rel.8 PUCCH mode 2-1 was agreed on that:
· 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 discuss the remaining issues related to the extended PUCCH mode 2-1, the following issues are addressed:
· PTI configuration parameter n
· feedback period of mode 2-1 reports
2. Discussion on PTI configuration parameter n
In [2], companies suggested a higher layer configured PTI parameter n, by which PTI is forced to be zero in every nth PTI reports. It is reasonable to introduce a PTI configuration parameter to restrict UE’s choice of PTI value. On the one hand, PTI value is of critical for PUCCH mode 2-1 as it indicates the types of reports on the following successive reporting opportunities. On the other hand, the diversity of UE activities on determining PTI value and possible W1 feedback error may incur the risk of serial feedback errors. For example, if a feedback error occurs when the last W1 is fed back and UE reports PTI=1 in the following subframe where RI and PTI are reported, then all the PMI/CQI reports before the next periodic W1 reporting are polluted by this damaged W1. The serial errors may be terminated only when a new W1 is reported after PTI=0.
Forcing PTI to be zero in every nth PTI reports ensures that the duration of serial errors induced by W1 feedback error is not larger than n-1 periods of RI and PTI reporting. However, it may interfere in UE reporting subbands PMI/CQI in normal case. For instance, in the last PTI report is PTI=0 and no error occurs in the last W1 feedback, and then UE decides PTI=1 to report subband channel information in the following subframes if there is no PTI configuration parameter n; unfortunately, PTI is forced to be zero according to the parameter n. Then redundant wideband channel information will be reported in the following subframes instead of useful subband information. It impairs the efficiency of PUCCH mode 2-1.
To alleviate the impact on feedback efficiency while improving the feedback reliability, UE shall consider the past PTI values reported when determining the current PTI value. If several PTI=1 are reported successively, UE shall watch out long term feedback error brought by W1 feedback error, then PTI shall be set to zero to report W1 even W1 is not changed comparing with the last W1 report.
Proposal 1: 
· PTI is forced to be zero if PTI value continuously equals 1 in the last n subframes where RI and PTI are reported, and parameter n is configured by higher layers.
3. Discussion on feedback period of mode 2-1 reports
In the agreed way forward, four new CSI report types are supported for the extended PUCCH mode 2-1 [1], for simplicity we name it A, B, C and D below:
Type A report is subband CQI and subband second PMI feedback
Type B report is wideband CQI and wideband second PMI feedback
Type C report is the first PMI feedback

Type D report is RI and PTI feedback
Accordingly, the relationship between report types and Report 1, 2, and 3 defined by [1] is that:
Report 1: Type D report will be reported
Report 2:

· PTI=0: Type C will be reported

· PTI=1: Type B will be reported

Report 3:

· PTI=0: Type B will be reported

· PTI=1: Type A will be reported

3.1. PTI-conditioned feedback periodicity
The periodicity suggested in [2] is a PTI-conditioned feedback periodicity by which the periods of reports are related with PTI value. The feedback periodicity ratio between Report 2 and Report 3 follows that:
· For PTI = 0, H=M, M is configurable via higher layer signalling

· For PTI=1, H=J*K+1, K is configurable via higher layer signalling

The problem of this PTI-conditioned feedback periodicity is that the subframe where type D report is reported may have different periods for PTI=0 and PTI=1. If error occurs when type D report is fed back, eNB may miss the next PTI report and the receiving of all the following reports is out of order. For the sake of reliability, it must be avoided. The feedback period of RI and PTI report should be the same for PTI=0 and PTI=1.
For example, when J = 2, K = 1, M=2 and the feedback periodicity ratio between Report 1 and Report 2 is 4, the reporting structure for PTI = 0 and PTI=1 can be seen in Figure 1. If the period of Report 3 (type B for PTI=0 and type A for PTI=1) is the same for PTI=0 and PTI=1, the period of type D report (RI and PTI) for PTI=0 is different from that of type D report for PTI=1.That means the reporting subframe for RI and PTI depends on the last reported periodic PTI. It is risky if error occurs when PTI is fed back.
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Figure 1: Feedback structure for PTI-conditioned feedback periodicity
Proposal 2: 
· The feedback period of RI and PTI report is not related with PTI value.
3.2. Report-conditioned feedback periodicity
The periodicity proposed in [3] is a report-conditioned feedback periodicity that Report 1, 2 and 3 have distinct periods. The feedback periodicity ratio between Report 1 and 2, and between Report 2 and 3 are not related with PTI value:
· The periodicity ratio between Report 2 and 3 is H=J*K+1, K is configurable via higher layer signalling
· The periodicity ratio between Report 1 and 2 is 
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 is configurable via higher layer signalling
Concretely, the definition of reporting instances for Report 1, 2 and 3 is similar to type 3, 2 and 1 reports in the case where both wideband CQI/PMI and subband CQI reporting are configured for Rel. 8/9:
· The reporting instances for Report 2 and Report 3 are subframes satisfying
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· The Report 2 has period
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. H=J*K+1, K is configurable via higher layer signalling.
· Between every two consecutive Report 2, the remaining 
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 reporting instances are used by Report 3.
· The reporting instances for Report 1 are subframes satisfying
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The problem of this report-conditioned feedback periodicity is that the period of type B report for PTI=1 is as much as H times of that for PTI=0. Though the channels may be more variable when PTI=0 than that when PTI=1, too frequent updates of type B report is also a waste of overhead when PTI=1[5].
For instance, when J = 3, K = 2 and the feedback periodicity ratio between Report 1 and Report 2 is 2, the reporting structure for PTI = 0 and PTI=1 can be seen in Figure 2. The period of type B report for PTI=0 is only 1/6 of the type B report period for PTI=1. During such small interval, the content of type B report may be constant, the repetitious reports are redundant.

[image: image9.emf]PTI=0

PTI=1

PTI=0

PTI=1

Type A report

Type B report Type C report Type D report


Figure 2: Feedback structure for report-conditioned feedback periodicity
3.3. Type-conditioned feedback periodicity
Type-conditioned feedback periodicity does not have the above problems. With type-conditioned feedback periodicity, the periods and reporting instances of different report types are distinct and not related with PTI value. Therefore, there is no risk of missing PTI and RI reports incurring by the last PTI feedback error. And the periodicity of each report type is configurable and not changeable by PTI value. Thus, it can avoid redundant reports by flexible periodicity configuration.
The periodicity in [6] is a type-conditioned feedback periodicity. It is illustrated in Figure 3, where the period of each report type is the same for PTI=1 and PTI=0 only except that type C report is absent when PTI=1. Type A report (subband CQI and subband W2) is fed back no matter when PTI=0 or PTI=1. Comparing with the above two feedback periodicity schemes, it avoids the extended PUCCH mode 2-1 degenerating into a PUCCH 1-1 like mode, which only reports wideband CQI and wideband PMI if PTI=0 is reported for long time.
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Figure 3: Feedback structure for type-conditioned feedback periodicity
3.4. New type-conditioned feedback periodicity
The only problem of the above type-conditioned feedback periodicity is that the subframes where the type C is reported for PTI=0 should be blank when PTI=1, which is a waste of PUCCH resource.
To solve this problem, we propose a new type-conditioned feedback periodicity for the extended PUCCH mode 2-1:
· The feedback periodicity ratio between type B and type A report is H=J*K+1, K is configurable via higher layer signalling
· The feedback periodicity ratio between type C and type B report is M, M is configurable via higher layer signalling, and type C is absent for PTI=1.
· The feedback periodicity ratio between type D and type C report is 
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Concretely, the definition of reporting instances for type A, B, C and D reports is as follows:
· The reporting instances for type A, B, and C reports are subframes satisfying
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· The type C report has period
[image: image14.wmf]c

MHN

××

, and is reported on the subframes satisfying the last reported periodic PTI=0 and 
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. H=J*K+1, M and K are configurable via higher layer signalling.
· The type B report has period 
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  and 
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 if the last reported periodic PTI=0.
· The type A report has period
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· The reporting instances for type D are subframes satisfying
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For example, when J = 2, K = 1, M=2 and 
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, the reporting structure for PTI = 0 and PTI=1 is shown in Figure 4.
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Figure 4: Feedback structure for new type-conditioned feedback periodicity
Proposal 3: 
· An new type-conditioned feedback periodicity structure is adopted for the extended PUCCH mode 2-1:
· The feedback periodicity ratio between type B and type A report is H=J*K+1, K is configurable via higher layer signalling
· The feedback periodicity ratio between type C and type B report is M, M is configurable via higher layer signalling
· The feedback periodicity ratio between type D and type C report is 
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 is configurable via higher layer signalling
4. Updated description of PUCCH mode 2-1
In Rel.8/9, all reporting modes are described by report types. The UE activities for the subframes where RI, wideband CQI/PMI, and subband CQI are reported are specified separately. The rationality of this description is that the reporting instances of different report types are also separately defined. The definitions of reporting instances and corresponding UE activities are self-contained, and independent with each other. That makes the standard clear and comprehensive.
Based on the above discussion, we provide an updated description of PUCCH mode 2-1with 4 new report types for transmission mode 9 if UE detects more than 4 eNB transmission antennas:

For the calculation of CQI, the first PMI and the second PMI conditioned on the last reported periodic RI, in the absence of a last reported periodic RI the UE shall conduct the CQI, the first PMI and the second PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter codebookSubsetRestriction .
For the calculation of CQI and the second PMI also conditioned on the last reported periodic first PMI, in the absence of a last reported periodic first PMI the UE shall conduct the CQI and the second PMI calculation conditioned on the lowest possible first PMI as given by the bitmap parameter codebookSubsetRestriction.
· In the subframe where RI and PTI are reported:
· A UE shall determine a RI assuming transmission on set S subbands.
· A UE shall determine a PTI conditioned on the last n reported periodic PTI values and PTI configuration parameter n, which is configured via higher layer signalling
· The UE shall report a type D report consisting of one RI and one PTI.
· In the subframe where the first PMI is reported:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands.
· The UE shall report a type C report consisting of the first PMI corresponding to the single selected precoding matrix
· In the subframe where wideband CQI and wideband second PMI are reported:
· A single precoding matrix is selected from the codebook subset restricted by the last reported periodic first PMI assuming transmission on set S subbands.
· The UE shall report a type B report on each respective successive reporting opportunity consisting of:

· A wideband CQI value which is calculated assuming the use of the single selected precoding matrix in all subbands and transmission on set S subbands. 

· The second PMI corresponding to the single selected precoding matrix (wideband second PMI).
· When RI>1, and additional 3-bit wideband spatial differential CQI, which is shown in Table 7.2-2 of 3GPP TS 36.213. 

· In the subframe where subband CQI and subband second PMI are reported:
· The UE shall select the preferred subband within the set of Nj subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2 of 3GPP TS 36.213. (if necessary)
· A single precoding matrix is selected from the codebook subset restricted by the last reported periodic first PMI assuming transmission on the preferred subband.
· The UE shall report a type A report per bandwidth part on each respective successive reporting opportunity consisting of:

· CQI value for codeword 0 reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding preferred subband L-bit label (if necessary).
· The second PMI corresponding to the single selected precoding matrix (subband second PMI).
· When RI>1, and additional 3-bit subband spatial differential CQI, which is shown in Table 7.2-2 of 3GPP TS 36.213.
Proposal 4: 
· The extended PUCCH mode 2-1 shall be described by report types.
5. Conclusions
Based on the above discussion, we have the following three proposals for the extended PUCCH mode 2-1:
Proposal 1: 
· PTI is forced to be zero if PTI value continuously equals 1 in the last n subframes where RI and PTI are reported, and parameter n is configured by higher layers.
Proposal 2: 
· The feedback period of RI and PTI report is not related with PTI value.
Proposal 3: 
· An new type-conditioned feedback periodicity structure is adopted for the extended PUCCH mode 2-1:
· The feedback periodicity ratio between type B and type A report is H=J*K+1, K is configurable via higher layer signalling
· The feedback periodicity ratio between type C and type B report is M, M is configurable via higher layer signalling
· The feedback periodicity ratio between type D and type C report is 
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Proposal 4: 
· The extended PUCCH mode 2-1 shall be described by report types.
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