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1
Introduction
In RAN1#62 an extension of Rel-8 PUCCH Mode 2-1 was included as a candidate scheme for adoption in Rel-10.  A more concrete proposal, co-sourced by 13 companies, was brought forward at the last meeting which clarified some the remaining design aspects [1].  In this contribution, as a supporting company of this way forward, we discuss these design considerations in more detail:  

1. Design of subband PMI/CQI reports 
· Alt-1: Avoid codebook subsampling through predefined cycling instead of UE-subband selection
· Alt-2: Keep UE subband selection but perform codebook subsampling to accommodate subband indication
2. Minimum PTI Reporting Periodicity
· Address testability concerns and possible error propagation

3. Feedback Periodicities for Report 2 and 3
· Specify remaining details
In this contribution, we focus on the latter two design issues and present detailed proposals that could readily be incorporated into the specification.  The first issue relating to the subband PMI/CQI design is discussed in a separate contribution [2].  A separate paper [3] deals with design details of PUCCH Mode 1-1. 

2
Remaining design details of PUCCH Mode 2-1
Extending the Rel-8 PUCCH Mode 2-1 to Rel-10 is beneficial in some scenarios and has the potential to provide significant performance gains [2].  In this contribution we address some of the remaining issues that were presented in a way forward at RAN1#62bis, supported by 13 companies.  In the following sections we address the components of this way forward in more detail, so that the proposals can be more readily incorporated into the specification should an agreement be reached. 
2.1 
Minimum periodicity for PTI=0 report

The Rel-10 extension of PUCCH Mode 2-1 incorporates a precoder type indication (PTI) which selects between feeding back alternating reports of W1 and wideband W2/CQI versus wideband W2/CQI and subband W2/CQI conditioned on previous W1 values.  The PTI feedback value (“0” or “1”) is decided by the UE and can in some sense be viewed as feedback refinement triggered by the UE.  It should be noted that PTI feedback only applies to the case of 8Tx since otherwise, clearly no W1 information needs to be reported. 

Some concerns were raised that leaving the PTI determination completely up to the UE could have the potential for increased error propagation and additionally could lead to complications with testing this mode.  To address these concerns the supporting companies of the way forward [1] proposed to incorporated a minimum periodicity for PTI=0 reports that can be configured through higher layers.  Specifically, the way forward proposed that PTI=0 reports can be forced in every n-th report where n is a parameter that can be configured through higher layers. 
We would like to point out that since the PTI reporting is tied to the reporting of the rank indicator (RI), the minimum reporting frequency depends on the configured RI reporting periodicity.  While we acknowledge that other approaches could be taken to address this issue, for example reporting W1 in a similar manner as the rank indicator in a separate reporting instance, we believe that the above proposal is adequate to remedy the testability and error propagation concerns.  Our proposal regarding this issue is therefore in line with [1]: 

Proposal 1: 

· PTI is forced to be zero in every n-th report where the parameter n is configured through higher layers. 

2.2. 
Feedback periodicities for Report 2 and 3
In the agreed way forward on PUCCH Mode 2-1 presented at RAN1#62, Reports 1, 2, and 3, were defined as follows (the following is taken directly from [5]): 
· 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
The periodicity of Report 1 carrying RI and PTI follows the Rel-8/9 reporting details for RI [6] and in our view does not require any changes.  However, for Reports 2 and 3, it makes sense to choose different periodicities depending on the PTI value.  

In the current specification, Reports 2 and 3 would follow the timeline specified in [6] in which the time between consecutive Type 2 reports carrying W1 (in case of PTI=0) and wideband CQI/wideband W2 (in case of PTI=1) is defined as H = J K +1 where J denotes the number of bandwidth parts, and K can be configured through higher layers. 

While the above does not lead to any significant problems and makes sense to be adopted in case of PTI=1, it may be beneficial to increase the frequency of W1 reports relative to the wideband CQI/W2 reports for PTI=0.  One way of achieving this was presented in the way forward to the last meeting [1], in which case H is defined to be equal to a new parameter M which can be specified by higher layers.  We believe that this formulation is beneficial as it allows a more frequent reporting of W1 in case of higher mobility scenarios.  Our proposals concerning this issue is therefore again in line with the previous way forward [1]: 
Proposal 2: 

· For PTI=0, H = M, where M is configurable via higher layer signaling

· For PTI=1, H = J K +1 , where K is configurable via higher layer signaling (same as in Rel-8)

2.3 
Specification of the predefined cycling pattern

In a companion contribution we have discussed the issue of subband PMI/CQI reporting in detail and proposed to adopt the design in which subsampling of the codebook is obviated by removing the L-bit indication that otherwise encodes which subband per bandwidth part is reported.  This is made possible by adopting a predefined cycling operation in which the subbands per bandwidth part are reported consecutively.  In [2] we have provided detailed system-level simulations to corroborate this proposal.  In the remainder of this section we address the specification aspects of supporting predefined cycling and show that only very minor changes to the specification are necessary. 

In our view the predefined cycling operation can operate completely independent of the other aspects of PUCCH 2-1.  In a nutshell, every time a subband PMI/CQI report is to be transmitted in accordance with the specification, the 
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 subband is selected where l (ranging from 0 to Nj -1) denotes the subband index relative to the current bandwidth part and Nj denotes the total number of subbands per bandwidth part j (note that the number of subbands per bandwidth part may be different depending on the system bandwidth).  In short, this means that we simply look at which subband was reported the last time the bandwidth part was visited and we pick the “next” subband modulo the total number of bandwidth parts. 
For further clarification, this operation is also shown in Fig. 1 for 8 subbands and three bandwidth parts.  In the figure, the circles denote the individual subbands numbered consecutively, but arranged in a fashion that corresponds to which bandwidth part they belong to.  For example, subbands 1-3 belong to bandwidth part 1 represented by the first column, subbands 4-6 correspond to the second bandwidth part, etc.  Since the total number of subbands is not divisible by the number of bandwidth parts the last subband consists of only two subbands. 

The predefined cycling pattern is then shown by the numbered arrows.  As in Rel-8 we cycle across bandwidth parts first and, the first time we cycle through them, we pick the first subband per bandwidth part, the second time the second subband, etc.  For bandwidth part 3, which only consists of two subbands, as discussed in previous paragraphs, we simply select the first subband again, leading to a completely independent cycling operation per bandwidth part. 
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Figure 1: Illustration of the predefined cycling pattern
In the framework of TS36.213 notation, we can formulate this change in a straightforward manner.  For the higher layer configured subband report the subband index lj within the Nj subbands of a bandwidth part is determined as 
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Proposal 3: 

· Adopt the predefined cycling operation in Equations (1) and (2)
In the Appendix, we give an example text proposal for implementing Equations (1) and (2). 
3 
Conclusions

In this contribution we have addressed remaining details of extending Rel-8 PUCCH Mode 2-1 to Rel-10.  Our proposals can be summarized as follows: 
Proposal 1: 

· PTI is forced to be zero in every n-th report where the parameter n is configured though higher layers. 
Proposal 2: 

· For PTI=0, H = M, where M is configurable via higher layer signaling

· For PTI=1, H=J K +1 , where K is configurable via higher layer signaling (same as in Rel-8)

Proposal 3: 

· Adopt the predefined cycling operation in Equations (1) and (2)
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Appendix

Example text proposal

-------  START OF EXAMPLE TEXT CHANGE  -----------------------------------------------------------------

36.213
The periodic CQI reporting mode is given by the parameter cqi-FormatIndicatorPeriodic which is configured by higher-layer signalling.  
For the UE-selected subband CQI and for the higher layer configured CQI/PMI, a CQI/PMI report in a certain subframe describes the channel quality in a particular part or in particular parts of the bandwidth described subsequently as bandwidth part (BP) or parts. The bandwidth parts shall be indexed in the order of increasing frequency and non-increasing sizes starting at the lowest frequency.

· There are a total of N subbands for a system bandwidth given by
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· A bandwidth part j is frequency-consecutive and consists of 
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subbands where J bandwidth parts span S or 
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· Each bandwidth part j, where 0 ≤ j ≤ J-1, is scanned in sequential order according to increasing frequency.

· For UE selected subband feedback a single subband out of 
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 subbands of a bandwidth part is selected along with a corresponding L-bit label indexed in the order of increasing frequency, where
[image: image19.wmf]DL

2RB

log//

LNkJ

éù

éù

=

êú

êú

.
· For higher layer configured subband feedback, a single subband indexed 
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out of 
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 subbands of a bandwidth part is selected, where the subband indexing is in the order of increasing frequency.
The CQI and PMI payload sizes of each PUCCH reporting mode are given in Table 7.2.2-3.

Four CQI/PMI and RI reporting types with distinct periods and offsets are supported for each PUCCH reporting mode as given in Table 7.2.2-3: 

· Type 1 report supports CQI feedback for the UE selected sub-bands
· Type 1a report supports CQI and PMI feedback for the higher layer configured subbands 

· Type 2 report supports wideband CQI and PMI feedback.

· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI

The periodicity 
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 (in subframes) and offset 
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 (in subframes) for CQI/PMI reporting are determined based on the parameter cqi-pmi-ConfigIndex (
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) given in Table 7.2.2-1A for FDD and table 7.2.2-1C for TDD. The periodicity 
[image: image25.wmf]RI

M
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[image: image26.wmf],

OFFSETRI

N

  for RI reporting are determined based on the parameter ri-ConfigIndex (
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) given in Table 7.2.2-1B. Both cqi-pmi-ConfigIndex and ri-ConfigIndex are configured by higher layer signalling.  The relative reporting offset for RI 
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[image: image29.wmf]{0,1,...,(1)}

p

N

---


In the case where wideband CQI/PMI reporting is configured:

· The reporting instances for wideband CQI/PMI are subframes satisfying 
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· In case RI reporting is configured, the reporting interval of the RI reporting is an integer multiple 
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 of period 
[image: image32.wmf]p

N

 (in subframes). 

· The reporting instances for RI are subframes satisfying 
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· In case of collision of RI and wideband CQI/PMI the wideband CQI/PMI is dropped.

In the case where both wideband CQI/PMI and subband CQI or CQI/PMI reporting are configured:

· The reporting instances for wideband CQI/PMI and subband CQI or CQI/PMI are subframes satisfying 
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· The wideband CQI/PMI report has period 
[image: image35.wmf]P

HN

×

, and is reported on the subframes satisfying  
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 is defined as 
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 is the number of bandwidth parts.

· Between every two consecutive wideband CQI/PMI reports, the remaining 
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 reporting instances are used in sequence for subband CQI or CQI/PMI reports on 
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 full cycles of bandwidth parts except when the gap between two consecutive wideband CQI/PMI reports contains less than 
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 reporting instances due to a system frame number transition to 0, in which case the UE shall not transmit the remainder of the subband CQI reports which have not been transmitted before the second of the two wideband CQI/PMI reports. Each full cycle of bandwidth parts shall be in increasing order starting from bandwidth part 0 to bandwidth part 
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 is configured by higher-layer signalling.
· For the higher layer configured subband report, the subband index 
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 subbands of a bandwidth part is determined as 
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    where 
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· In case RI reporting is configured, the reporting interval of RI is 
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 times the wideband CQI/PMI period 
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, and RI is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and subband CQI reports.

· The reporting instances for RI are subframes satisfying 
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.In case of collision between RI and wideband CQI/PMI or subband CQI, the wideband CQI/PMI or subband CQI is dropped.

See section 10.1 regarding UE behaviour for collision between CQI/PMI/RI and ACK/NACK and the corresponding PUCCH format assignment.

The CQI/PMI or RI report shall be transmitted on the PUCCH resource 
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 as defined in [3], where 
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 is UE specific and configured by higher layers.
-------  END OF EXAMPLE TEXT CHANGE  -----------------------------------------------------------------
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