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1 Introduction
From the RAN1#61 meeting, it has been agreed that

· At least two new Rel-10 UE-specific RRC-configured transmission modes for PUSCH of UE with multiple antenna ports: 

· Single-antenna port mode

· Multi-antenna port mode supporting up to 2 transport blocks (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.
In this contribution, we discuss the number of PUSCH transmission modes that are needed for the LTE-Advanced UL, in light of these above agreements. We also consider a preliminary design of the UL MIMO DCI format, and discuss the necessary changes to the MIMO DCI format, compared to the Rel-8 UL format 0. Mode switching between single-antenna mode and other modes are also discussed for PUSCH transmissions. 

2 PUSCH Transmission Modes for LTE-Advanced

From past discussions and agreements in RAN1, up to three transmission modes can be potentially defined in Rel-10 and RRC signalling, as in Rel-8, can be used to configure an UL transmission mode (TM). 
· UL TM 1(Single-antenna port mode)

· DCI Format 0
· This is the single antenna port mode for contiguous and non-contiguous BW allocation where the UE monitors DCI Format 0. It was agreed from RAN1#62 [1,2] that DCI Format 0 is reused for non-contiguous BW allocation by having 1-bit flag in DCI Format 0 differentiate between contiguous and non-contiguous BW allocation. Baseline is that a padding bit is used as the differentiation bit.
· UL TM 2 (Multi-antenna port mode supporting up to dual-TB assignment)

· DCI Formats 0 and DCI Format 4
· This is the general UL SU-MIMO mode that can support to up to 2 CWs in one subframe. The fallback transmission scheme is supported by DCI Formats 0 while UL SU-MIMO is also supported by DCI Format 0B [6]. Since DCI Formats 0 and 0B are designed to have the same size, there is no additional BD required to differentiate between DCI Formats 0 and 0B.
· UL TM 3 (Multi-antenna port mode supporting single-TB assignment)

· DCI Formats 0 and DCI Format 0A
· This is the UL MIMO mode that defines a low-overhead DCI format supporting 1-TB assignment only in UL SU-MIMO using DCI Format 0A signaling. The fall-back transmission is supported by DCI Formats 0.
Since UL TM 2 is to fully support UL SU-MIMO, DCI Format 4 should include the information elements (IE) for 2 individual transport blocks (TB). DCI Format 0B is designed to support the grant of a new TB on the empty spatial layers previously occupied by a successfully decoded TB. A main benefit from DCI Format 0B is that UL SU-MIMO grant signalling is supported by the light DCI Format 0B which has the same size as DCI Format 0 [6].
Table 1: PDCCH and PUSCH configured by C-RNTI
	UL Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	UL TM 1
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port

	UL TM 2
	DCI format 0/0B
	Common and

UE specific by C-RNTI
	Single-antenna port or multi-antenna port precoding

	
	DCI format 4
	UE specific by C-RNTI
	Multi –antenna port precoding 

	UL TM 3
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port

	
	DCI format 0A
	UE specific by C-RNTI
	Multi –antenna port precoding with 1-TB assignment


The rationale behind UL Mode 3 is similar to that of DL Mode 6, where a low-overhead grant is used for low geometry UE’s rank-1 predcoding. Similarly, the overhead of DCI format 0A can be reduced for low geometry UEs, especially considering the potential problem of the PDCCH capacity discussed in [4]. 

We summarize the above discussion on PUSCH transmission modes in Table 1, using C-RNTI as an example. 
Discussion on number of Blind decodes and UL/DL DCI format linking:

With new UL modes for SU-MIMO, a modest increase in the number of 16 BDs is required at the UE and the total number of BDs increases from 44 to 60 (in the absence of carrier aggregation). This increase in the number of BDs is rather modest and will not result in significant increase in the complexity of a UL SU-MIMO capable UE or in the CRC false pass probability.  

On the other hand, this increase in the number of BDs can avoid the UL/DL DCI format linking, which is very restrictive and can result in significant waste of PDCCH resource. The UL/DL format linking will have a few undesirable attributes:

· Both UL and DL are simultaneously forced to be either in multi-antenna or in single-antenna transmission modes. This imposes significant scheduling inflexibility and may not work for a UE configured with 2 Rx antennas but only 1 Tx antenna;

· UL and DL are forced to have the same resource allocation type; again this imposes unnecessary scheduling restrictions;

· The padding bits needed to link DL and UL DCI formats could result in significant waste of PDCCH resource. 
Proposal:  DL TM and UL TM should be configured independently and no link between UL and DL DCI formats is necessary.
3 IEs in DCI Format 4
This contribution primarily focuses on DCI Format 4; further discussions are required to identify the benefits from introducing DCI Format 0A. Table 2 considers an example for extending the Rel-8 DCI Format 0 to DCI Format 4.   
Further discussion is provided for some IEs to indicate how the outcome of several currently active discussions in RAN1 can change the size of the IEs in DCI Format 4.

· RA flag IE – 1-bit flag for differentiation between contiguous and non-contiguous BW allocation

· RA IE – same as RA IE in Rel-8 DCI Format 0
· MCS IE – For 2CWs, we propose to have 10 bits. Delta MCS is no longer applicable, since it was agreed that layer shifting will not be supported in UL SU-MIMO.

· NDI IE – It has been agreed from RAN1#60bis [3] to define 2 NDI bits for UL SU-MIMO without HARQ bundling.
· CSI IE – Depending on the discussion on UL DMRS, this IE may be augmented by 1 bit to accommodate an OCC indicator. However, our preference is to not increase the bits of the CSI IE and to use the 3 bits to jointly indicate OCC and CS.

· FH indicator IE – We do not see the need to keep the FH functionality in the case of MIMO operation. 
· PMI IE – Since the precoding codebooks for UL SU-MIMO are rank-specific and have different sizes for different ranks, the PMI and RI are jointly coded into the PMI IE. The bit-width of the PMI IE depends on the number of UE transmitter antennas. For a UE with 2 transmitter antennas, a 3-bit PMI is sufficient to indicate one of 7 precoders. On the other hand, since a total of 56 precoders are agreed for ranks 1-4, a straightforward signaling scheme would require 6-bit PMI for the 4Tx case. However, it is shown in [5] that with simple code-point optimization this IE can be reduced to 5 bits.
· Swap Flag IE – Similar to Rel-9 DL, due to precoded DMRS, the need for swap flag is not clear.

· SRS Activation IE – Since it has been agreed from RAN1#60bis [3] to support aperiodic SRS in Rel-10, a new IE is included to indicate activation of SRS transmissions from multiple antennas. It is simpler to explicitly introduce an SRS activation IE than it is to rely on a code-point. The need for more than 1 bit is FFS.
· Indication of TB disabling: There were a few contributions [7,8] discussing this topic in the previous meeting. An approach similar to Rel-8 was proposed in [7] to use a codepoint combining a specific MCS value and PRB value to indicate the disabling of a given TB. On the other hand, it was proposed in [8] to jointly code PMI, rank and disabling of a given TB. In our view, both approaches work equally well, and we would prefer a simple approach, such as the one proposed in [7], without the need of joint coding. One comment on the approach suggested in [7] is that it does not allow the rank-1 precoding grant with a large RB assignment. To solve such potential scheduling constraint, an alternative solution needs to be prepared for a large RB assignment. A modified solution would be that both the highest MCS with small RB assignment and the lowest MCS with large RB assignment indicate disabling of the corresponding CW.
Table 2: IEs in DCI Format 4.

	Information Field
	Rel-8 Format 0 
	Rel-10 Format 4
	Comment

	RA flag
	0
	1
	Differentiation between contiguous and non-contiguous BW allocation

	RA
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	MCS or TBS
	5
	10 or less
	MCS Levels

	NDI
	1
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	New Data Indicator

	TPC
	2
	2
	Power control command

	CSI
	3
	3
	DM-RS CS

	FH Indicator
	1
	0 or 1
	FH (Yes/No)

	CQI Request
	1
	1
	CQI report (Yes/No)

	PMI
	0
	3 or 5
	2 Tx or 4 Tx

	Swap Flag
	0
	0 or 1
	TB to CW Swap Flag

	SRS Activation
	0
	1
	SRS Activation

	CRC (C-RNTI)
	16
	16
	C-RNTI masked in the CRC


4 Conclusion
This contribution discussed three potential UL transmission modes for Rel-10 and DCI Formats associated with each UL transmission mode. In addition, potential changes in DCI Format 4 to support UL MIMO transmission in Rel-10 were discussed. The expected increase in the number of BDs is 16, in the absence of carrier aggregation, which will not result in significant increase in complexity for a UL SU-MIMO capable UE or in CRC false pass probability. This increase in the number of BDs can avoid the UL/DL DCI format linking, which is very restrictive and can result in significant waste of PDCCH resource. 
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