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1. Introduction

Issues on uplink transmission mode have been discussed in order to support uplink multiple antenna transmission efficiently. RAN1#61 meeting concluded transmission mode related issues as following [1]:
· At least two new Rel-10 UE-specific RRC-configured transmission modes for PUSCH of UE with multiple APs: 

· Single-antenna port mode

· Multi-antenna port mode supporting up to 2 TB (the number of antenna ports depends on the UE capability) 

· FFS whether or not a third RRC-configured multi-antenna transmission mode is needed

· For PUSCH, a dynamic switching between the configured transmission scheme and a single-port fallback scheme with the same DCI format for all RRC configured modes.
Accordingly, there are proposals on DCI format design and details on transmission mode for SU-MIMO support [2]-[11]. This document discusses these aspects.

2. Discussion
2.1. The transmission mode and search space arrangement
Before going into details on DCI format design, it is necessary to discuss the transmission mode and search space arrangement in case of UL multi-antenna transmission mode. Particularly, we think RAN1 needs first to take a decision on the new DCI formats and their relation to search space and transmission mode before DCI content issues such as available fields or transport block disabling are discussed.

Here intended discussion is dynamic scheduling side, while SPS related is treated in next section.
On Blind decoding and search spaces discussion during RAN1#62 meeting, following is agreed [13]:
· Uplink MIMO is supported by introducing a transmission mode in the UL with a new DCI format that is only transmitted in the UE specific search space on PDCCH and is not bit aligned to any DCI format.

Accordingly, draft CR for 36.213 [14] is provided including following table below the section for “Physical uplink shared channel related procedures”.
Table 8-3: PDCCH and PUSCH configured by C-RNTI
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	Mode 1
	[DCI format 0]
	Common and

UE specific by C-RNTI
	[Single-antenna port, port 0 (see subclause [8.1.1x])]


	Mode 2
	[DCI format 0]
	Common and

UE specific by C-RNTI
	[Single-antenna port, port 0 (see subclause [8.1.1x])]

	
	DCI format 4
	UE specific by C-RNTI
	Closed-loop spatial multiplexing  (see subclause [8.1.2x])


As an open issue, necessary discussion is whether to support another transmission scheme for DCI format 0 within Mode 2 i.e. “Closed-loop spatial multiplexing using a single transmission layer”. This would increase the payload size for DCI format 0 in UE specific search space, which has to be aligned with DCI format 1A, so an increased payload of DCI format 1A is a concern for such a supported transmission scheme.
Following an additional mode is also a discussion point, which is specific to rank 1 precoding.

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	Mode 3
	[DCI format 0]
	Common and

UE specific by C-RNTI
	[Single-antenna port, port 0 (see subclause [8.1.1x])]

	
	DCI format X
	UE specific by C-RNTI
	Closed-loop spatial multiplexing  (see subclause [8.1.2x]) using a single transmission layer


In general, the necessity for this kind of transmission mode is coming from expected coverage enlargement thanks to rank 1 precoding and the possibility of using a rather compact DCI format for same. However, as suggested in [15], corresponding discussion for Rel-8 downlink was based on comparison between DCI format 1B and 2. Those 2 transmission schemes are quite different mainly due to support of Resource Allocation Type 0 by DCI format 2 (and other non-compact grant formats), while length of resource allocation field in DCI format 4 above is same as that for Type 2 Resource allocation. So we think expected benefit in terms of coverage for PDCCH reception would be small compared to Rel-8 discussion.
According to discussion above, we’d prefer not to add an additional mode from simplicity perspective for Rel-10, concerning potential increase of standardization and test effort.
2.2. Impact for Semi-persistent scheduling
So far discussion on uplink transmission covers dynamic PUSCH. One possible discussion point is its impact for semi-persistent scheduling. Similar to the discussion we had on Rel-8 PDSCH [12], it is preferable to restrict single-antenna transmission scheme for SPS allocation which basically provides no change for SPS related behavior and avoids ambiguity for precoding control. So single-antenna transmission scheme should be used for the PUSCH for which PDCCH is configured by SPS C-RNTI irrespective to single-/multi-antenna port mode for dynamic scheduling.
2.3. Issues for DCI format 4 design
As indicated in section 2.1, DCI format 4 is to be designed to support up to 2 TBs so it should also support dynamic TB disabling or adaptive switching between single/multi codeword (CW) transmission, even though a different approach from the one for downlink assignment, i.e. disabled by specific combination of IMCS and rvidx field, is necessary. There are some proposals to use the NDI field, however error case avoidance should be considered for that. In that sense, following solutions would be attractive:
a) TB disabling is directly indicated by lowest value for IMCS [9]
b) Number of CW is indicated in PMI field [3][10]

c) TB disabling is indicated via NDI field with a restriction: when decoding fails simultaneously for both TBs, eNB cannot disable a TB if it was first scheduled transmission for that TB [8]
Our preference is b), concerning restrictions caused by the other options in terms of resource allocation. We think that an approach as b) can easily re-use the CQI-only triggering mechanism of Release 8, as the conditions for CQI-only and TB disable are orthogonal.
3. Conclusion
In this document uplink transmission mode related aspects are discussed. Our views are:
· The transmission scheme indicated by DCI format 0 is limited to "single-antenna port; port 0"; 
· Not to introduce additional transmission mode specific to rank 1 precoding;
· Single-antenna transmission scheme should be used for the PUSCH for which PDCCH is configured by SPS C-RNTI irrespective to single-/multi-antenna port mode for dynamic scheduling; and
· In DCI format 4 number of CW is indicated in PMI field
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