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1. Introduction
In Tuesday Ad-hoc session on “UE procedures for DL shared channel”, preliminary agreement was made on the rank report on PUCCH and PUSCH [1]. 

Rank reporting

· Rank indicates how to decode CQI/PMI (before next new rank is available), where rank and CQI/PMI may or may not be reported in the same subframe. 
· Doesn’t preclude the possibility of joint encoding of rank and CQI/PMI on PUCCH in the same subframe
· Preliminary list of possible options:
· Periodic reporting of rank, CQI/PMI on PUCCH, where rank and CQI/PMI 
1. Have different reporting periods (same reporting period is not possible); or
2. Different reporting periods and same reporting period are supported
· Periodic reporting of rank on PUCCH, CQI/PMI on PUSCH, where rank and CQI/PMI have different reporting periods
· Periodic reporting of rank and CQI/PMI together on PUSCH
· Aperiodic reporting of rank, CQI/PMI on PUSCH, where rank is separately encoded from CQI/PMI and the rank indicates how to decode CQI/PMI. 
· Rank is reported periodically and is used for CQI/PMI reporting on both PUCCH and PUSCH
· Is there a case(s) that it is beneficial for the Node B to configure the UE with the rank that is assumed for generating CQI/PMI?

· Come back later after developing further details on the rank report
2. Proposed Refinements

The following refinements of the rank reports and the relation to CQI/PMI reports are proposed for closed-loop spatial multiplexing:

· Aperiodic PUSCH report:

· Aperiodic reporting of rank information (RI) and CQI/PMI on PUSCH, where RI and CQI/PMI are always reported in the same subframe. The CQI/PMI is calculated assuming the simultaneously reported rank.
· Periodic PUSCH report
· Periodic reporting of RI and CQI/PMI on PUSCH, where RI and CQI/PMI are always reported in the same subframe, and hence reported with the same periodicity. The CQI/PMI is calculated assuming the simultaneously reported rank.
· Periodic wideband PUCCH report
· For each UE, the Node-B can configure a single CQI reporting resource for either a RI report or a wideband CQI/PMI report. A reporting instance is defined as a subframe where a report is performed.
· RI and wideband CQI/PMI are not transmitted in the same reporting instance.

· RI alone is reported instead of wideband CQI/PMI in every M-th CQI reporting instance according to higher layer configuration

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

· An example for M=4 is shown in Figure 1:
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Figure 1. Example for M=4

· The most recently transmitted RI is used by the UE to calculate the  wideband CQI/PMI reported on the configured resource.
· 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 
· The payload size for different scenarios are given in the following tables:

Table 1. Payload size in bits for CQI and 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
	7

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


Table 2. Payload size in bits for RI with closed-loop spatial multiplexing (PUCCH)
	Field
	2-Tx
	4-Tx

	RI
	1
	2


· Periodic frequency-selective PUCCH report
· Similar technique may be used for frequency-selective CQI/PMI and RI reports on PUCCH. Details on the relation between wideband CQI/PMI,  frequency-selective CQI/PMI reports and RI need to be determined if the reporting scheme for frequency-selective CQI/PMI reports for SU-MIMO is agreed upon.
The above refinements are also applicable for open-loop spatial multiplexing with the following exception:

· No PMI is reported

· The payload size for different scenarios for PUCCH are given in the following tables:

Table 3. Payload size in bits for CQI and PMI 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
	-
	-
	-
	-


Table 4. Payload size in bits for RI with open-loop spatial multiplexing (PUCCH)
	Field
	2-Tx
	4-Tx

	RI
	1
	2


In addition, in designing the necessary channel coding scheme for the above reporting, the coverage of  reporting of CQI and PMI for rank-1 should not be significantly compromised in order to accommodate the case of higher rank reporting.  
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