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Discussion and Decision

1 Introduction
Precoding is used in closed loop DL MIMO operation to optimize the channel state condition. The details for the different precoding code books have been decided for both 2 and 4 transmit antenna systems but the signaling of the precoding information has yet to be defined. Related to precoding and MIMO operation there are other information fields that have to be signaled as well like transmission rank and codeword indicator. In this contribution we discuss the signaling of precoding  and associated information for formats 1B and 2.
2 Proposal
The precoding is uniquely defined by the transmission rank and the precoder matrix index (PMI), which is defined separately for the 2 and 4 tx antenna cases. Most of the contributions which have so far been submitted assume that the PMI shall always be explicitely included in the DL control signaling. The problem with this approach is that the PMI needs four bits for the 4 Tx antenna case and will therefore contribute quite significantly to the length of the DL control information (DCI). This means that the complete MIMO signaling  grows to 6-7 bits, which seems to be a little too much.
In most cases the eNodeB will follow the CQI/PMI recommendations from the UE. We feel that explicit signaling of the PMI will cause an unnecessary high overhead and therefore a different approach is taken in  this contribution, where the PMI is signaled indirectly and needs less bits without sacrificing flexibility. One property of the PMI codebooks in LTE is that they have a nested property, which basically means that precoder matrixes of lower rank are included in the higher rank matrixes. This gives a natural fall back mechanism for reduced rank signaling.

In addition to the PMI we also have to signal the transmission rank. Table 1 and Table 2 show the signaling structure for the 2 and 4 Tx antenna cases.
Table 1. Precoding signalling for the 2-Tx antenna case
	
	Precoding signaling

	1 code word, rank = 1
	A:
Open loop Tx diversity (SFBC)
B:
Closed loop, follow CQI report from UE
C: 
Closed loop, use precoding in last acked transmission

D:
Use precoding explicitly set by RRC signaling

	2 code words, rank = 2
	A:
Open loop spatial multiplexing
B:
Closed loop, follow CQI report

C:
Closed loop, use precoding in last acked transmission

D:
Use precoding explicitly set by RRC signaling


Table 2. Precoding signalling for the 4-Tx antenna case
	
	RI
	Precoding signaling

	1 code word
	Rank = 1
	A:
Open loop Tx diversity (SFBC + FSTD)
B:
Closed loop, follow CQI report from UE
C: 
Closed loop, use precoding in last acked transmission

D:
Use precoding explicitly set by RRC signalling

	2 code words
	Rank = 2, 3, 4
	A:
Open loop spatial multiplexing

B:
Closed loop, follow CQI report

C:
Closed loop, use precoding in last acked transmission

D:
Use precoding explicitly set by RRC signalling


The basic idea is that the we have for the precoding indication four possibilities for the 2- and 4 Tx antenna case. The interpretation is a little different depending on the transmission rank. The signaling cases A, B, C and D are further explained as follows:

A:
This is the signaling case for open loop, which is used when there is no reliable CQI/PMI information available. The logical choice in case of one code word to use it for transmit diversity. For two code words it defines open loop large delay spatial multiplexing. The use case for A with rank>1 is spatial multiplexing  to a high mobility UE, where there is no valid CQI report. The rank=1, one code word  case can be used as a fallback mode from higher ranks.
B:
This is the primary closed loop transmit scheme with wide band  or frequency dependent precoding, which for one code word means only rank-1 precoding and for two code words spatial multiplexing with rank >1. The precoding is based on the information in the CQI/PMI report.

C:
This is an alternative closed loop scheme, which is equivalent to B but the precoding is based on the last acked transmission for that UE. This can be used when there is no reliable CQI/PMI report available.
D:
This signaling case is used for a low mobility user  when no valid CQI report is available but the eNodeB has some other means of concluding the optimal precoding like using direction of arrival information or channel reciprocity (TDD). The precoding vector is explicitly set by RRC signaling and is after acknowledgement associated with signaling type D.
The number of bits needed for the precoding and associated rank signaling for format 2 and 1B is
· 2 Tx antenna case: 2 + 1, for precoding and transmission rank respectively 
· 4 Tx antenna case: 2 + 2, for precoding and transmission rank respectively
3 Conclusions

This contribution proposes a method for signaling the precoding and transmission rank. The proposed scheme is similar for the 2 and 4-Tx antenna case.
In order to finalize the MIMO signaling exact fallback rules for defining the behaviour when the transmission rank changes are needed. Another open issue is how to signal a blanked code word when using the two code word signaling. This has already been addressed in contributions [1], [2].
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