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1 Introduction

In RAN1#82, substantial progress was made on reduction of downlink transmission modes (TM) for low-complexity and coverage-enhanced (LC/CE) UE. The following has been agreed:
	· Reduced transmission schemes corresponding to TM support for LC UEs and UEs operating CE

· Support TM1 and TM2 for CRS based demod

· Support TM9
· Do not support: TM3, TM4, TM5, TM7, TM10

· FFS: support of other TMs

· FFS: Any modification is needed for existing TMs
· FFS: To create new TM(s)
· FFS: how to handle MBSFN subframes




In this contribution we discuss the remaining issues on transmission mode reduction. 
2 Remaining TMs 
It is desirable to eliminate unnecessary TMs to reduce UE implementation complexity. Reduction of TM support also eliminates the corresponding DCI format and CSI reporting format, resulting in complexity reduction for both eNodeB and UE.

There are ten downlink transmission modes defined in LTE Rel-11 as shown in Table 1. The TMs that have been agreed to be supported are marked in green; the TMs that are not supported are marked in gray. Among the 10 TMs, only TM6 and TM8 are FFS.

Table 1: Downlink transmission modes in LTE Rel-11
	TM
	Purpose
	Layer mapping for single layer operation

	1
	Single antenna port, port 0
	Single antenna port

	2
	Transmit diversity
	SFBC / SFBC+FSTD

	3
	Large delay CDD
	SFBC / SFBC+FSTD

	4
	Closed-loop spatial multiplexing
	Rank 1 precoding

	5
	Multi-user MIMO
	Rank 1 precoding

	6
	Closed-loop spatial multiplexing  using a single transmission layer
	Rank 1 precoding

	7
	Single-antenna port, port 5; Rel.8 DMRS
	Single antenna port / SFBC / SFBC+FSTD

	8
	Dual layer transmission, port 7 and 8 or single-antenna port, port 7 or 8; Rel.9 DMRS
	Single antenna port / SFBC / SFBC+FSTD

	9
	Up to 8 layer transmission, ports 7-14 or single-antenna port, port 7 or 8; Rel.10 DMRS
	Single antenna port / SFBC / SFBC+FSTD

	10
	Up to 8 layer transmission, ports 7-14 or single-antenna port, port 7 or 8; Rel.10 DMRS + Rel.11 CSI enhancements
	Single antenna port / SFBC / SFBC+FSTD


In terms of the CRS based rank 1 precoding, it is different from DMRS based modes since the UE must, for each RE, multiply the estimated MISO channel with the precoding vector signalled in the TPMI. On the other hand, TM 6 has less RS overhead since there is no need to set REs aside for DMRS. Since TM6 is already defined as closed-loop spatial multiplexing using a single transmission layer, it is a good choice for closed-loop spatial multiplexing. TM6 also has the benefit of using the compact DCI format 1B, and CSI reporting of TM6 already takes into account the single layer condition. 

For DMRS-based TM8, 12 REs need to be set aside for DMRS in a PRB pair. The DMRS overhead is on top of the CRS that always exist. Thus TM8 is not as efficient as TM6 due to the DMRS overhead. Moreover, there is already the DMRS-based TM9. Thus there is no compelling reason to support TM8.

In summary, we have the following proposals.
Proposals:

· Support TM6.

· Do not support TM8.
3 Other TM issues
There are also the FFS on defining new TM or modifying existing TM. As already mentioned, a reduced set of TMs means also that the DL DCI formats to be monitored by a LC/CE UE are also reduced. From UE complexity perspective, new TMs should be introduced only when it is absolutely necessary.  
The existing TMs, which will be supported, are sufficient to fulfil the needs of LC/CE UEs. Thus there is no need to introduce new TMs. 

Currently no issues are found with existing TMs, and no modification is found necessary. On the other hand, the DCI formats associated with the supported TMs may need to be modified to better fit the needs of LC/CE UEs.

For MBSFN subframes, DMRS-based TM9 can be explicitly scheduled by eNodeB for PDSCH transmission. This is the same as in legacy system.
Proposals:

· No modification is needed for existing TMs
· Do not create new TM(s)
· DMRS-based PDSCH transmission is allowed in MBSFN subframes, the same as legacy.
4 Conclusions

In this contribution, the remaining issues related to TM reduction are discussed. Based on the discussion, we have the following proposals.
Proposals:

1. Support TM6.

2. Do not support TM8.

3. No modification is needed for existing TMs
4. Do not create new TM(s)
5. DMRS-based PDSCH transmission is allowed in MBSFN subframes, the same as legacy.
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