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1. Introduction
In the 3GPP RAN1 #52 held in February 2008,  the following is agreed for rank, CQI  (Channel Quality information) and PMI (Precoding Matrix Index)  feedback  carried on PUSCH channel [4]

· Periodic wideband PUCCH report (combination of PUCCH and PUSCH is not the scope of the decision)
· Multiplexing of RI and wideband CQI/PMI on PUCCH -> Alt1 below agreed. Revisit the decision if problems are found.
· Alt1: Agree on the proposal of R1-081116 with the addition of allowing different offsets between RI and CQI/PMI while keeping the period of RI is an integer multiple (including M = 1) of CQI/PMI period. 
· In case of collision between the rank and the wideband CQI/PMI, drop the wideband CQI/PMI.

· The most recently transmitted RI on the PUCCH is used by the UE to calculate the wideband CQI/PMI reported on the configured resource on PUCCH.
· The following PUCCH formats are used:

· Format 2 is used when CQI/PMI or RI report is not multiplexed with ACK/NAK 
· Format 2a/2b is used when CQI/PMI or RI report is multiplexed with ACK/NAK for short CP
· Format 2 is used when CQI/PMI or RI report is multiplexed with ACK/NAK for long CP
· The payload size for different scenarios are given in the following tables:

Table A1. Payload size in bits for wideband CQI/PMI with closed-loop spatial multiplexing (PUCCH)

	Field
	2-Tx 
	4-Tx 

	
	Rank=1
	Rank=2
	Rank=1
	Rank>1

	Wideband CQI
	4
	7 (4 + 3)
	4
	7 (4 + 3)

	Wideband PMI
	[2 or 3]
	[1 or 2]
	4
	4


Table A2. Payload size in bits for RI with closed-loop spatial multiplexing (PUCCH)

	Field
	2-Tx
	4-Tx & maximum 2 layers
	4-Tx & maximum 4 layers

	RI
	1
	1
	2


In this contribution, we discuss ways to include the frequency-selective PUCCH reports in the overall PUCCH report structure that includes rank, WB (wideband) CQI/PMI  and FS (frequency selective) CQI/PMI. 

2.  Multiplexing of Rank, WB CQI/PMI and FS CQI/PMI
We propose the following two options:  Option 1 can be viewed as direct extension of the current WA on rank and WB CQI/PMI multiplexing, whereas Option 2 introduces a new format for joint rank and WB CQI/PMI reporting on some subframes. 
Option 1: 
· For each UE, the Node-B can configure a single CQI reporting resource for either a WB CQI/PMI or an FS CQI/PMI report.  A reporting instance is defined as a subframe where a report is performed.  The periodicity of this reporting instance  is denoted as P (subframes).

· FS and WB CQI/PMI are not transmitted in the same reporting instance.

· WB CQI/PMI alone is reported instead of FS CQI/PMI in every L-th CQI reporting instance according to higher layer configuration. The period of WB reporting is L*P subframes.

· FS CQI/PMI  is reported in the remaining CQI reporting instances

·  In addition, for each UE, the Node-B can configure another CQI reporting instance for rank RI reporting. The periodicity of the rank reporting is M times that of the FS CQI/PMI, or M*P subframes.      

· An offset, denoted by O (typically between  0 to L*P-1 subframes),  is allowed between the RI  and WB CQI/PMI reporting

· In case of collision between RI reporting instance and the WB or FS CQI/PMI, drop the WB or FS CQI/PMI. 

· The parameters P, L, M, O are configured by higher layer such as RRC message in a semi-static manner.

· An example for P=2, L=4, M=8, O=1 is shown below in Figure 2.
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Figure 2: Example for P=2, L=4, M=8, O=1.

Option 2: 
· For each UE, the Node-B can configure a single CQI reporting resource for either a WB CQI/PMI or an FS CQI/PMI report.  A reporting instance is defined as a subframe where a report is performed.  The periodicity of this reporting instance  is denoted as P (subframes).

· FS and WB CQI/PMI are not transmitted in the same reporting instance.

· WB CQI/PMI alone is reported instead of FS CQI/PMI in every L-th CQI reporting instance according to higher layer configuration. The period of WB reporting is L*P subframes. It is possible, though, for the WB CQI/PMI to be jointly transmitted with rank bits in the same subframe. 

· FS CQI/PMI  is reported in the remaining CQI reporting instances

·  In addition, for each UE, the Node-B always transmit the rank RI reporting together with some or all of the  WB CQI/PMI feedback reports.

· RI report period is multiple of the WB feedback period, denoted by K*L*P subframes. Note that L*P is the reporting period of the WB CQI/PMI, and P is the reporting period of the FS CQI/PMI.

· Rank bits are reported only on the subframes where WB CQI/PMI exist. A new PUCCH format is defined for this joint feedback of RI and WB CQI/PMI, as we discuss later in this section. 

· Not all WB  CQI/PMI reporting subframes have rank report. For example, in the Figure 3 below, the WB CQI/PMI report in subframe #9 is not accompanied by rank report.

· The parameters P, L, K are configured by higher layer such as RRC message in a semi-static manner.

· An example for P=2, L=4, K=2, is shown below in Figure 3.
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Figure 3: Example for P=2, L=4, K=2.

We proceed to provide details on the new PUCCH format, for the case when WB CQI/PMI is jointly coded with RI.

· The following PUCCH formats are used (formats 2, 2a,2b are defined in 36.212[2]):

· Format 2 is used when the joint  WB CQI/PMI and RI report is not multiplexed with ACK/NAK 
· Format 2a/2b is used when joint CQI/PMI and RI report is multiplexed with ACK/NAK for short CP
· Format 2 is used when joint CQI/PMI and  RI report is multiplexed with ACK/NAK for long CP
· The payload size for the jointly coded RI and WB CQI/PMI is given in the tables rank and different scenarios are given in the following Table 1and Table 2 , for the case of closed-loop spatial multiplexing and open-loop spatial multiplexing, respectively. 

Table 1: Payload size in bits for joint WB CQI/PMI and RI bits with closed-loop spatial multiplexing (PUCCH).

	Field
	2-Tx 
	4-Tx 

	
	Rank=1
	Rank=2
	Rank=1
	Rank>1

	Wideband CQI
	4
	7 (4 + 3)
	4
	7 (4 + 3)

	Wideband PMI
	[2 or 3]
	[1 or 2]
	4
	4

	RI
	1
	1
	2
	2

	Total
	7 or 8
	9 or 10
	10
	13


Table 2: Payload size in bits for joint WB CQI/PMI and RI bits with open-loop spatial multiplexing (PUCCH).

	Field
	2-Tx 
	4-Tx 

	
	Rank=1
	Rank=2
	Rank=1
	Rank>1

	Wideband CQI
	4
	4
	4
	4

	Wideband PMI
	-
	-
	-
	-

	RI
	1
	1
	2
	2

	Total
	5
	5
	6
	6


3. Summary

In summary, we proposed two options for the rank, WB CQI/PMI and FS CQI/PMI  on PUCCH. We suggest RAN1 to accept these two options and allow eNB to semi-statically configure one of the options for the UE according to cell, antenna or channel condition. 

In particular we think the following two modes of operation is of particular interest:

(a) Always use option 1. This mode of operation is simplest but cannot benefit from the potential overhead reduction option 2 provides;

(b) Option 1 is used only for closed-loop SM, while option 2 is used only for open-loop SM. The benefit of such an approach is that the testing complexity remains the same as (a) while the overhead reduction benefit of option 2 can also be reaped.
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