
3GPP TSG RAN WG1 meeting #61bis
R1-103598
Dresden, Germany, 28th June – 2nd July 2010

Source:
ZTE

Title:
PMI signalling for UL MIMO
Agenda Item:
6.4.1
Document for:
Discussion and Decision

1 Introduction

The size of precoding codebook for uplink spatial multiplexing has been agreed in RAN1#56bis meeting, i.e. 3 bits for uplink spatial multiplexing with 2 transmit antennae, and 6 bits for 4 transmit antennae. In [1], it was pointed out that for 4 transmit antennas if both 2 TBs are enabled, 5 bits are enough to serve this indication. While if only 1 TB is enabled, PMI should be able to indicate a precoder given in both codebooks of rank-1 and rank-2, 6 bits are needed. Different bit overheads for precoding information are required depending on the number of enabled TB(s). On the other hand，how to indicate TB disabling in DCI format is not discussed yet. Thereby, PMI signalling together with how to disable a TB in DCI signalling design for UL MIMO is discussed in this contribution.
2 Discussion 
As shown in table 1 and table 2, the number of precoding matrices corresponding to 1-4 layers is 24, 16, 12 and 1 respectively in case of 4 transmit antennae, and the number of precoding matrices corresponding to 1-2 layers is 6 and 1 in case of 2 transmit antennae. 
Table 1: Number of precoding matrixes with four transmit antennae
	Number of precoding matrixes
	1 TB disabled, 1 TB enabled 
	2 TB enabled 

	1 layer 
	24
	

	2 layers 
	16
	16

	3 layers 
	
	12

	4 layers 
	
	1

	Total 
	40
	29


Table 2: Number of precoding matrixes with two transmit antennae
	Number of precoding matrixes
	1 TB disabled, 1 TB enabled 
	2 TB enabled 

	1 layer 
	6
	

	2 layers 
	1
	1

	Total 
	7
	1


As we know, disabling of DL TB in R8/9 is indicated by (MCS+RV), but there is no RV indication in UL DCI. Therefore, considering the required PMI overhead depends on the number of enabled TB(s), the design of UL TB disabling indication and PMI signalling is jointly considered. Two options are envisioned below.
2.1 Option one 
PMI signalling is designed to indicate the information of enabled TB(s), and the number of layer(s) with corresponding precoding matrix if both TBs are enabled, while the information of precoding is indicated by the (MCS+NDI) bits of the disabled TB if single TB is enabled, as exemplified in table 3 and 4.
E.g. in case of 4 transmit antennae, PMI signalling can indicate the precoding matrix for 2, 3, 4 layers when both TB are enabled, while PMI signalling only indicate which TB is disabled and the corresponding precoding information of the enabled TB is given by the (MCS+NDI) bits of the disabled TB.
Table 3. Details of PMI signaling for 4Tx
	PMI signalling bit
	Description

	‘0’ to ‘15’
	16 matrix for 2 Layer precoding and two TB are enabled

	‘16’ to ‘27’
	12 matrix for 3 Layer precoding and two TB are enabled

	‘28’
	1 matrix for 4 Layer precoding and two TB are enabled

	‘29’
	TB1 is disabled

	‘30’
	TB2 is disabled

	other
	reserved


Table 4. Details of 2 bit PMI signaling for 2Tx
	PMI signalling bit
	Description

	‘0’ 
	1 matrix for 2 Layer precoding and two TB are enabled

	‘1’
	TB1 is disabled

	‘2’
	TB2 is disabled

	other
	reserved


2.2 Option two 
Another option is simply using 6 bits and 3 bits for precoding information indication for the agreed codebook size of 4 and 2 transmit antennae respectively, as shown in table 6 and 7. The MCS index 29 to 31 of PUSCH is useful for R8/R9 as shown in table 5, so there is a need using MCS and NDI jointly to indicate TB disabling in Rel-10. For example, NDI=new transmission and
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Table 5. Example of Modulation and TBS index table for PUSCH

	MCS Index
	Modulation Order
	TBS Index
	Redundancy Version

	0 to 9
	2
	0 to 9
	0

	10 to 16
	4
	9 to 15
	0

	17 to 28
	6
	15 to 26
	0

	29
	reserved
	reserved
	1

	30
	reserved
	reserved
	2

	31
	reserved
	reserved
	3


Table 6. Details of 6 bit PMI signaling for 4Tx

	PMI signalling bit
	Description

	0’ to ‘23’
	24 matrix for 1 Layer precoding 

	‘24’ to ‘39’
	16 matrix for 2 Layer precoding 

	‘40 ’ to ‘51’
	12 matrix for 3 Layer precoding 

	‘52’
	1 matrix for 4 Layer precoding

	other
	reserved


Table 7. Details of 3 bit PMI signaling for 2Tx

	PMI signalling bit
	Description

	‘0’ to ‘5’
	6 matrix for 1 Layer precoding 

	‘6’
	1 matrix for 2 Layer precoding 

	‘7’ 
	reserved


2.3 Comparison of the Alternatives
From the aspect of signalling overhead, we have the following observation:
· Option one can save one bit compared with option two.

At the same time, from the aspect of extensibility for future proof, following conclusion can be drawn
· Option one can have more reserved code points for the extension of precoding matrix. Given 6 PMI signaling for 4 transmit antennae case, Option one has 33 code points available for future usage while option two only has 11 code points left. Also for two transmit antennae case, option one has 4 more reserved code points compared with option 2.
3 Conclusion 

In this contribution, PMI signalling in DCI format for UL MIMO and methods to indicate TB disabling in the DCI format are discussed. Two options are provided, and according to the comparison above, Option one is preferred. We have the following proposals
· PMI signalling is designed to be able to indicate the information of enabled TB(s)/disabled TB;

·  When both TB are enabled, the number of layer(s) with corresponding precoding matrix is indicated by PMI signalling;

·  When one TB is disabled (i.e. single TB is enabled), PMI indicates which TB is disabled while the precoding information of the enabled TB is indicated by the (MCS+NDI) bits of the disabled TB.
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