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1 Introduction
A few remaining issues related to the various PDSCH transmission modes as described in [1] include the signalling format for MU-MIMO, and the contents for closed-loop Rank-1 transmission. Besides, the description in Section 7.1 of [1] has not included the operations for all the transmission modes. This contribution proposes a merge of the MU-MIMO and closed-loop Rank-1 transmission modes, because of their similarity as discussed in [2]. In addition, MU-MIMO mode can also be viewed as a special case of closed-loop SM as supported by Format 2, by re-using the modulation and coding scheme field of the disabled codeword as discussed in [2]. Additional text proposals are included to clarify the operations of the missing transmission modes.
2 Relation between MU-MIMO, Closed-loop Rank-1 and Closed-loop SM transmission modes
In the multi-user MIMO mode as supported by Release 8, more than one user can be assigned the same physical resources (PRBs) but with different precoding matrices. Currently, it is assumed that a user in MU-MIMO mode can be assigned a precoding vector for Rank-1 transmissions, based on closed-loop, i.e., the PMI feedback by the UE. 
Therefore, closed-loop rank-1 transmission can be viewed as a special case of MU-MIMO mode. The difference is that MU-MIMO mode requires an additional 1 or 2 bits (2 or 4 Tx) to signal the number of users or power scaling factor as described in [2].
On the other hand, the latest version of DCI format 2 as defined in [1] supports both closed-loop rank-1 or rank-2 transmissions. As described in [2], the field for “modulation and coding scheme (5 bits)” of the disabled codeword for rank-1 transmission, i.e., Codeword 2 can be re-used for the signaling of EPRE as the number of users change, in and out of MU-MIMO mode. 
Thus, MU-MIMO can be supported by Format 2 without additional cost in overhead. 
3 
Proposed CR on the text changes for TS 36.213
The proposed corrections to TS 36.213 [1] are shown as follows. 
7.1
UE procedure for receiving the physical downlink shared channel
A UE shall receive PDSCH broadcast control transmissions, [namely Paging, RACH Response, and BCCH] associated with DCI formats 1A or 1C signalled by a PDCCH in the common search spaces.  Additionally, the UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions signalled via PDCCH UE specific search spaces, based on one of the following transmission modes:

1. Single-antenna port; port 0

2. Transmit diversity

3. Open-loop spatial multiplexing

4. Closed-loop spatial multiplexing

5. Multi-user MIMO and 
6. Closed-loop Rank=1 precoding

7. Single-antenna port; port 5

A UE not configured to receive PDSCH data transmissions based on one of the transmission modes may receive PDSCH data transmissions with DCI format 1A signalled by a PDCCH in its UE specific search spaces or the common search spaces.

A UE semi-statically configured with a transmission mode shall receive PDSCH data transmissions associated with a reference DCI format signalled by a PDCCH in its UE specific search spaces based on Table 7.1-1.  In the case of transmission modes 1, 2, and 7 a UE shall receive PDSCH data transmissions associated with reference DCI formats 1 or 1A in its UE specific search spaces or DCI format 1A in the common search spaces.   A UE with reference DCI format 1B or 2 may also receive PDSCH data transmissions associated with DCI format 1A signalled by a PDCCH in its UE specific search spaces or the common search spaces.  A UE shall be configured to use the PUCCH or PUSCH feedback mode corresponding to its reference DCI format.

Table 7.1-1: Reference DCI Format(s) supported by each Transmission Mode

	Transmission Mode
	Reference DCI Format

	
	

	1
	1, 1A

	2
	1, 1A

	3
	2

	4
	2

	5
	1B

	6
	1, 1A

	
	


7.1.1  
Single-antenna port

For the single-antenna port mode, the UE may assume that an eNB transmission on the PDSCH would be performed according to Section 6.3.4.1 of [3]

7.1.2

Transmit diversity 

For the transmit diversity mode, the UE may assume that an eNB transmission on the PDSCH would be performed according to Section 6.3.4.3 of [3]

7.1.3

Open-loop spatial multiplexing

For the open-loop spatial multiplexing transmission mode, the UE may assume, based on the rank indication (RI) obtained from an associated DCI as determined from the number of assigned transmission layers, that an eNB transmission on the physical PDSCH would be performed according to the following:

· RI = 1

: transmit diversity as defined in Section 6.3.4.3  of [3]
· RI > 1

: large delay CDD as defined in Section 6.3.4.2.2 of [3]
For RI>1, the operation of large delay CDD is further defined as follows:

· For 2 antenna ports, the precoder for data resource element index i, denoted by W(i) is selected according to 
[image: image1.wmf]1

)

(

C

i

W

=

 where 
[image: image2.wmf]1

C

 denotes the precoding matrix corresponding to precoder index 0 in Table 6.3.4.2.3-1 of [3].

· For 4 antenna ports, the UE may assume that the eNB cyclically assigns different precoders to different data resource elements on the physical downlink shared channel as follows.  A different precoder is used every 
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data resource elements, where 
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 denotes the number of transmission layers in the case of spatial multiplexing. In particular, the precoder for data resource element index i, denoted by W(i) in Section 6.3.4.2.2 of [3] is selected according to  
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denote precoder matrices corresponding to precoder indices 12,13,14 and 15, respectively, in Table 6.3.4.2.3-2 of [3].  . 

7.1.4

Closed-loop spatial multiplexing

For the closed-loop spatial multiplexing transmission mode, the UE may assume that an eNB transmission on the PDSCH would be performed according to the applicable number of transmission layers as defined in Section 6.3.4.2.1 of [3]. 

7.1.5 Multi-user MIMO and Closed-loop Rank=1 precoding
For the multi-user MIMO and closed-loop rank 1 precoding transmission mode, the UE may assume that an eNB transmission on the PDSCH would be performed according to transmission  layer 1 as defined in Section  6.3.4.2.1 of [3].
7.1.6 Single antenna port; port 5
For the single antenna port; port 5 transmission mode, the UE may assume that an eNB transmission on the PDSCH would be performed according to Sections 6.3.4.1 and 6.10.3 of [3].
4 Conclusions

Because of the close relationship between MU-MIMO, closed-loop rank-1 and closed-loop spatial multiplexing transmission modes, this contribution proposes to merge MU-MIMO and closed-loop rank-1 transmission modes. In addition, MU-MIMO can also be supported by the DCI format 2 for closed-loop MIMO naturally. This avoids the need to have MU-MIMO transmission mode configured through RRC, but to allow dynamic switching between MU-MIMO, closed-loop rank-1 and rank-2 transmissions. 
In the scenario that closed-loop SM is not configured as a transmission mode, a user can be switched between MU-MIMO and closed-loop rank-1 transmission modes dynamically, using DCI format 1B, e.g., as defined in [2], which is much more compact than DCI format 2. 
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