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1. Introduction
For the support of closed-loop precoding, the PDCCH needs to have the possibility to signal several different entities:

· Transmission rank: RI
· Precoder matrix indicator: PMI
· Precoder confirmation

The first two entities are used for explicit precoder indication whereas the third is used for confirming to the UE that the PDSCH transmission is indeed based on precoders derived from the latest precoder report [1]-[6]. The latter allows support of frequency-selective precoding. One of the key characteristics of the precoder codebooks in LTE is that they satisfy the so-called nested property, i.e., the precoder matrices of lower ranks are obtained as column subsets of higher rank precoder matrices [9]. 
· For 2 antenna ports, all the columns of each of the 2 precoding matrices in the 2-layer codebook are included in the 1-layer codebook of size-4.

· For 4 antenna ports, a precoding matrix in the n-layer codebook (n = 1, 2, 3) is a sub-matrix of the precoding matrix in the (n+1)-layer codebook corresponding to the same PMI index. 
Such nesting facilitates the support of rank override.
This contribution proposes refinements of the signaling of CQI and precoder related information on PDCCH in order to reduce signaling overhead and provide efficient support of rank override.
2. Proposed Refinements
Reserve one entry in TBS table, denoted “0” [7]

 REF _Ref194920427 \n \h 
[8]. Used for assisting in encoding of precoder information as well as for aperiodic CQI reporting functionality as listed below.
2.1. PDCCH Format 0

An aperiodic CQI report is requested by setting the CQI bit to 1. If in addition TBS=0, the request corresponds to a CQI-only report.
2.2. PDCCH Format 1B for Closed-Loop Rank-One Precoding

To maximize coverage for closed-loop precoding, it is proposed that rank-one closed-loop precoding can be signaled using a separate format 1B similar to format 1A but in addition containing 4 bits for explicit signaling of rank-one PMI.
2.3. PDCCH Format 2 for Closed-Loop Spatial Multiplexing

The signaling of TBS and precoding information, for support of the closed-loop spatial multiplexing mode in PDCCH format 2, is encoded as follows.
TBS values:
· The TBS values for the two codewords determine the interpretation of the precoder information bits

· The TBS value pair (TBS1, TBS2) for the two codewords thus signals the following:

· (TBS, 0): One codeword transmitted
· (TBS1, TBS2): Two codewords transmitted
Precoder information bits:
· Encompass PMI, precoder confirmation, and RI

· Interpretation depends on (TBS1, TBS2)

· Support of transmission rank override for precoder confirmation (support of frequency-selective precoding)
· Override by using specified columns of all recommended precoders in the latest received  confirmation compliable precoder report
· Only the multi PMI reports on PUSCH are confirmation compliable (i.e., reliable error detection mechanism present)
· For 2 antenna ports, the selected column is indicated upon rank override from the recommended RI=2 to RI=1.
· For 4 antenna ports, the precoding matrix corresponding to the recommended PMI index is chosen upon rank override. 
· RI, PMI and precoder confirmation jointly encoded as specified in Table 1 and Table 2.
· 1 codeword, RI=2 for 4 Tx corresponds to transmitting one codeword on layer 0 and 1.

· The size of precoder information field is as follows:
· 2 antenna ports: 3 bits

· 4 antenna ports: 6 bits

Table 1: PDCCH for 2 Tx MIMO. The TBS entries point out the number of codewords and determine the interpretation of the precoder information, which is jointly encoded.

	1 codeword:

 (TBS, 0)
	Total #messages for precoding info
	#messages
	Message

	
	6
	4 + 1 + 1
	RI=1: PMI=0,1,2,3

RI=1: Precoder report confirmed, use 1st precoder columns

RI=1: Precoder report confirmed, use 2nd precoder columns

	2 codewords:

(TBS1, TBS2)
	3
	2 + 1
	RI=2: PMI=1, 2
RI=2: Precoder report confirmed


Table 2: PDCCH for 4 Tx MIMO. The TBS entries point out the number of codewords and determine the interpretation of the precoder information, which is jointly encoded.

	1 codeword:

(TBS, 0)
	Total #messages for precoding info
	#messages
	Message

	
	34
	16 + 1
	RI=1: PMI=0,1,…,15

RI=1: Precoder report confirmed, use the precoder indicated by the reported PMI index for each precoder report

	
	
	16 + 1
	RI=2: PMI=0,1,…,15

RI=2: Precoder report confirmed, use the precoder indicated by the reported PMI index for each precoder report

	2 codewords:

(TBS1, TBS2)
	51
	16 + 1
	RI=2: PMI=0,1,…,15

RI=2: Precoder report confirmed, use the precoder indicated by the reported PMI index for each precoder report

	
	
	16 + 1
	RI=3: PMI=0,1,…,15

RI=3: Precoder report confirmed, use the precoder indicated by the reported PMI index for each precoder report

	
	
	16 + 1
	RI=4: PMI=0,1,…,15

RI=4: Precoder report confirmed, use the precoder indicated by the reported PMI index for each precoder report
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� In this contribution we have assumed that the 2 Tx codebook consists of 4 elements for rank one and 3 elements for rank 2 as in R-081565. Regardless of the outcome of that discussion, the general principles and the joint encoding proposed herein holds – the only thing that would change if the original (6, 3) codebook is kept is that some additional messages for the support of the 2 Tx codebook are needed.





