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1. Introduction

This contribution highlights a problem with unspecified behavior in the 36.213 current text, related to the PUCCH CQI Report in the case of the Rank Indicator (RI) and PMI Report drops, as per the RAN1 Agreement. Further, additional performance issues also result from the same agreement. 

This contribution then proposes a modification to the RAN1 agreement, and proposes the related text modifications to 36.213. As background, the RI Report on PUCCH is dropped by the SR (Scheduling Request) transmission. The issues described in the contribution arise from the RAN1 agreement that:

· RI, Wideband (WB) CQI/PMI and Frequency-Selective (FS) CQI Reports on PUCCH are transmitted on different subframes, and

· FS CQIs are calculated using the most recently reported RI and WB PMI values. 

2. Issues on CQI/PMI/RI Report drop

CQI Reports are dropped for several reasons, as shown in Table A-1 in the Annex. Especially for the CQI reporting mode 2-1 on PUCCH [1], WB PMI and RI reported on different subframes might also be dropped in the same manner as CQI. The FS CQIs reported in mode 2-1 are not self decodable because the FS CQIs are calculated by using not only the most recently reported RI but also PMI [2]. As a result, the following 3 issues are created:

1. If the first transmission of RI/PMI is dropped in compliance with the current agreement and the 36.213 text, the UE behavior becomes unspecified since it is not defined in 36.213. This is because the following FS CQI Reports should be based on the RI Report which was just dropped, and therefore it is not specified how the UE should generate a valid next CQI Report. Figure 1 shows this issue.
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Figure 1: Example of the first transmission drop of PMI/RI

2. If the RI/PMI transmission is dropped (e.g. by DRX inactive cycle), the RI/PMI value used by the FS CQIs will use a stale RI/PMI value because of channel variation, resulting a performance penalty (Please See Figure 2).
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Figure 2: Example of PMI/RI drop by DRX

3. If the WB PMI is dropped, the following FS CQIs are calculated using the most recently reported RI and WB PMI. However, the most recently reported RI and the RI used by WB PMI might not be identical (Please see Figure 3). This inconsistency will also result a performance penalty.
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Figure 3: Example of Mismatch of RI between FS CQI and WB PMI

3. Proposed Fix
In order to solve above mentioned problems, it is preferable that RI Report and WB CQI/PMI Report for mode 2-1 should not be dropped and other feedback information should be dropped instead. Therefore, we propose following:

1. For CQI reporting modes 1-0, 1-1 and 2-0 on PUCCH (Figure 4-(1))

· If the RI transmission is dropped, it is re-scheduled on the next available PUCCH resource in advanced of the following CQI Report (i.e. WB CQI, WB CQI/PMI and FS CQI shall be dropped).

2. For CQI reporting mode 2-1 on PUCCH (Figure 4-(2))

· If the RI transmission is dropped, it is re-scheduled on the next available PUCCH resource in advance of the following CQI and PMI Report (i.e. WB CQI/PMI and FS CQI shall be dropped). 

· If the WB CQI/PMI transmission is dropped, it is re-scheduled on the next available PUCCH resource in advance of the following FS CQI Reports (i.e. the FS CQI shall be dropped). 

· In order to reduce the possibility of WB CQI/PMI drop, the offset value O, which denotes the interval between RI and WB CQI/PMI Report, is not allowed to be 0.
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Figure 4: Proposed rescheduling in case of RI/PMI drop

4. Proposed Modification to 36.213 Text
------------------------------------------- (Start of text proposal) -----------------------------------

7.2.2
Periodic CQI/PMI/RI Reporting using PUCCH

In the case where RI and wideband CQI/PMI reporting are configured, RI and wideband CQI/PMI are not reported in the same subframe (reporting instance):

· The reporting interval of the RI reporting is an integer multiple of wideband CQI/PMI period. 

· The same or different offsets between RI and wideband CQI/PMI reporting instances can be configured.

· Both the reporting interval and offset are configured by higher layers.  
· In case of collision of RI and wideband CQI/PMI the wideband CQI/PMI is dropped.
· In the case that the RI transmission is dropped, the RI is re-scheduled on the next wideband CQI/PMI reporting occasion.
In the case where RI and both wideband CQI/PMI and subband CQI reporting are configured:

· The same set of  CQI reporting instances, with period P, are used for both wideband CQI/PMI and subband CQI reports 

· The wideband CQI/PMI report has period H*P, and is reported on the set of reporting instances indexed by {0, H, 2H,…}.

· The integer H is defined as H=J*K+1, where J is the number of bandwidth parts.

· Between every two consecutive wideband CQI/PMI reports, the remaining J*K reporting instances are used in sequence for subband CQI reports on K full cycles of bandwidth parts. 

· The reporting interval of RI is M times the wideband CQI/PMI period, and RI is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and subband CQI reports.

· The offset (in subframes) between the RI and wideband CQI/PMI is denoted as O.

· In case of collision between RI and wideband CQI/PMI or subband CQI, the wideband CQI/PMI or subband CQI is dropped.

· In the case that the RI transmission is dropped, the RI is re-scheduled on the next wideband CQI/PMI or subband CQI reporting occasion. 
· In the case that the wideband CQI/PMI transmission is dropped, the wideband CQI/PMI is re-scheduled on the next subband CQI reporting occasion.
· The parameters P, K, M, O are configured by higher layer such as RRC message in a semi-static manner. The parameter K should be selected from the set {1,2,3,4}, and the parameter O is selected from the set { -1, …,-(P-1), -P}.

------------------------------------------- (End of text proposal) ------------------------------------
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6. Annex 

Table.A-1: Triggers that drop RI/PMI report on PUCCH
	Transmissions which  drop RI/PMI report
	Dropped report
	Notes

	Aperiodic CQI report
	RI / WB PMI
	When aperiodic CQI Report is requested by a trigger bit on PDCCH, aperiodic report on PUSCH is transmitted instead of scheduled periodic CQI Report.

	SR
	RI / WB PMI
	When SR is to be transmitted, CQI/PMI/RI Report on PUCCH is dropped.

	DRX
	RI/ WB PMI
	Any UL transmissions are invalid when UE is in the DRX inactive cycle.

	RI report on PUCCH
	WB PMI 
	If Offset O is set to 0 by eNB, RI and WB CQI/PMI can be scheduled in the same subframe. In such case, WB CQI/PMI is dropped.
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(1) Example of CQI Reporting mode 1-1


(2) Example of CQI Reporting mode 2-1
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