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1
Introduction

In LTE-A, uplink spatial multiplexing of up to four layers is supported. In RAN1#55b, non-contiguous data transmission with a single DFT per component carrier (CL-DFT-S-OFDM) is supported.  In RAN1#60, it was agreed not to have layer shifting. In RAN1#60bis, it was further agreed that:

· 2 NDIs (one NDI per CW) in the DCI format associated with UL SU-MIMO. 

· 2 HARQ A/N

· Limit PHICH design to one to one mapping between an A/N and an existing PHICH resource

In this contribution, we focus on the details in the related UL DCI format design and UL transmission modes for UL MIMO operation..
2
Discussion
In LTE Rel-8, DCI format 0 is used to scheduling SIMO based uplink transmissions, which contains the following information fields:

· Flag format0/format1A differentiation: 1-bit

· Hopping flag: 1-bit

· Resource block assignment and hopping resource allocation: 
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· MCS and RV: 5 bits

· NDI: 1 bit

· TPC: 2 bits

· Cyclic shift for DM RS: 3 bits

· UL index (TDD only): 2 bits

· Aperiodic CQI request: 1 bit

The support of uplink spatial multiplexing involves the following design aspects in DCI:
· Number of codewords and layer mapping:

· As agreed in RAN1#56, same layer mapping as downlink LTE Rel-8, with a maximum of 2 codewords (TBs)

· HARQ

· Since layer shifting is not supported, 2 NDIs and 2 RVs are needed for the 2 TBs, as agreed in RAN1#60bis.

· MCS

· 2 MCS fields for the 2 TBs, where each MCS field is the same as those in Rel-8 UL.
· Precoding

· For FDD and TDD, by default, precoding is performed according to a predefined codebook. However, for TDD, UL transmissions may operate without the precoding information in DCI. 

· Application of a single precoding matrix per uplink component carrier (frequency non-selective in a component carrier) is supported. However, per-RB precoding for TDD should also be considered.
· Dynamic rank adaptation is supported

· For uplink spatial multiplexing with two transmit antennas, 3-bit precoding codebook, as specified in [1]
· For uplink spatial multiplexing with four transmit antennas, a 6-bit precoding codebook is used, as specified in [1]
· DM-RS multiplexing

· Cyclic shift (CS) separation is the primary multiplexing scheme

· Orthogonal cover code (OCC) separation between slots as complementary multiplexing scheme, where the OCC index is implicitly derived. That is, there is no need to explicitly signal the OCC index.
On the other hand, the support of CL-DFT-S-OFDM necessitates the need to assign multi-cluster PUSCH transmissions, in addition to the contiguous resource allocation as currently defined in DCI format 0. UL resource allocation supporting multi-cluster PUSCH transmissions is still under discussion, e.g., in [2]. However, generally speaking, there is a need to size-match the DL and UL DCI formats, as currently done for DCI formats 0 and 1A, in order to minimize the number of distinct DCI format sizes per transmission mode and consequently, the number of blind PDCCH decodes. 
In addition, there are a few issues still under discussion:

· While it was agreed in RAN1#60 that dynamic aperiodic SRS is supported, the details are still FFS

· Whether to have per antenna UL power control is FFS

· How to support aperiodic CQI request for multi-carrier operation is FFS

Note that since dynamic rank adaptation is supported, the new DCI format has to support scheduling where only one TB is enabled. In LTE Rel-8/9, a special combination of IMCS=0 and RV = 1 is defined to indicate a disabled TB in DL DCI formats 2/2A/2B, where the MCS and RV fields are separately signalled. Since there is one information field containing both MCS and RV in the new UL DCI format, the same TB disabling mechanism can not be readily applied. In order to provide the necessary means to disable one of the TBs, we propose the following:

For 2Tx: 

· Instead of 3-bit RI/PMI, use a 1-bit RI (2 bit savings) 

· RI=0 (rank 1, one TB enabled)

· MCS1 and NDI1 is for the enabled TB

· NDI2 indicates which TB is enabled

· MCS2 indicates 6 code points of rank 1 PMI and  one code point for 'TxDiv', where TxDiv scheme is TBD;  the remaining 25 code points are reserved 

· RI=1 (rank 2, both TBs enabled)

· MCS1, NDI1 is for TB1 and  MCS2, NDI2 is for TB2  

For 4Tx

· Instead of 6-bit RI/PMI, use 5-bit PMI (1 bit saving) 

· PMI=0 (rank 1, one TB enabled)

· MCS1 and NDI1 is for the enabled TB

· NDI2 indicates which TB is enabled

· MCS2 indicates 24 code points of rank 1 PMI and one code point for 'TxDiv', where TxDiv scheme is TBD; the remaining 7 code points are reserved 

· Alternative 1 (for rank>1, always enabling two TBs)

· PMI=1...29 (rank 2-4, both TBs enabled)

· MCS1, NDI1 is for TB1 and  MCS2, NDI2 is for TB2. 
· 2 PMI code points (=30/31) are reserved. 

· Alternative 2 (for rank=2,  one or two enabled TB)
· PMI=1 (rank 2, one enabled TB)

· MCS1 and NDI1 is for the enabled TB

·  NDI2 indicates which TB is enabled

·  MCS2 indicates 16 code points for rank 2 PMI; the remaining 16 code points are reserved 

· PMI=2...17 (rank 2, two enabled TB)

· MCS1, NDI1 is for TB1 and  MCS2, NDI2 is for TB2
· PMI=18…30 (ranks 3 and 4, two enabled TB)

· MCS1, NDI1 is for TB1 and  MCS2, NDI2 is for TB2

· 1 PMI code point (=31) is reserved
The proposal offers the capability of indicating the disabling of one of the TBs, and achieves PDCCH overhead reduction at the same time. 

In light of the discussion above, DCI format supporting LTE-A uplink transmissions is envisioned to contain the following information fields:

Table 1 DCI format in supporting LTE-A UL

	Field
	Bit-width
	Notes

	Flag UL/DL DCI differentiation
	1
	Size-matching DL/UL DCI

	Resource block assignment 
	FFS
	FFS

	MCS and RV – 1st TB
	5
	Same definition as in DCI format 0 for one TB

	NDI – 1st TB
	1
	Same as Rel-8

	MCS and  – 2nd TB
	5
	For two enabled TBs, same definition as in DCI format 0 for the second TB; otherwise, indicating PMI/RI information

	NDI – 2nd TB
	1
	For two enabled TBs, same as Rel-8; otherwise, indicating which TB is enabled

	PMI/RI
	1 or 5
	1 bit if 2 Tx indicating RI, and 5 bits if 4 Tx indicating PMI/RI and/or # of enabled TB

	TPC for the first antenna
	2
	Same as Rel-8

	TPC for the second antenna
	2
	FFS whether per antenna should be supported

	Cyclic shift for DM RS
	3
	Same as Rel-8, CS for other than antenna port 0 is implicit [3]

	UL index (TDD only)
	2
	Same as Rel-8

	Aperiodic CQI request
	1 or FFS
	FFS on how to support multi-carrier operation

	Aperiodic SRS request
	FFS
	FFS


We propose to introduce one UL transmission mode utilizing the new DCI format scheduling UL MIMO transmissions. The new DCI format supports closed-loop precoding operation.The new UL transmission mode is not necessarily tied with DL MIMO transmissions, but is limited by the size of DL DCI formats due to the size-matching of DL and UL DCI formats for the purpose of maintaining the same number of blind decodes as in Rel-8 on a per carrier basis, as detailed in [2]. 
On the other hand, the compact DCI format (DCI format 0, or a variation of it) is not expected to contain any precoding field and hence is not associated with closed-loop precoding operation. It remains open on which transmission scheme the compact DCI format should use. Possible design options include:

· Single antenna port operation

· Some virtualization of antenan ports. Particularly, precoding sweeping can be performed across different PUSCH H-ARQ transmissions of the same packet, across different RBs within one subframe, etc. A long term precoding can also be semi-statically configured on the per UE basis. 

A UE can be configured to use one of the above schemes when the compact DCI format is associated with PUSCH.
3
Conclusions
This contribution discusses the details in DCI format design supporting UL MIMO transmissions, clustered resource assignment and other aspects of LTE-A uplink enhancements. The following information fields are envisioned:
	Field
	Bit-width
	Notes

	Flag UL/DL DCI differentiation
	1
	Size-matching DL/UL DCI

	Resource block assignment 
	FFS
	FFS

	MCS and RV – 1st TB
	5
	Same definition as in DCI format 0 for one TB

	NDI – 1st TB
	1
	Same as Rel-8

	MCS and  – 2nd TB
	5
	For two enabled TBs, same definition as in DCI format 0 for the second TB; otherwise, indicating PMI/RI information

	NDI – 2nd TB
	1
	For two enabled TBs, same as Rel-8; otherwise, indicating which TB is enabled

	PMI/RI
	1 or 5
	1 bit if 2 Tx indicating RI, and 5 bits if 4 Tx indicating PMI/RI and/or # of enabled TB

	TPC for the first antenna
	2
	Same as Rel-8

	TPC for the second antenna
	2
	FFS whether per antenna should be supported

	Cyclic shift for DM RS
	3
	Same as Rel-8, CS for other than antenna port 0 is implicit

	UL index (TDD only)
	2
	Same as Rel-8

	Aperiodic CQI request
	1 or FFS
	FFS on how to support multi-carrier operation

	Aperiodic SRS request
	FFS
	FFS


Uplink PUSCH transmissions without the explicit precoding information in the DCI should also be considered for TDD systems. In addition, per-RB precoding for TDD should also be considered. 
One new UL transmission mode should be defined to utilize the new DCI format scheduling UL MIMO transmissions. The transmission scheme associated with the compact DCI format (format 0 or a variation of it) should be further discussed.
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