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1. Introduction

At the RAN1#61 meeting, the following was agreed regarding transmission modes and signalling to support SU-MIMO:

· 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

In RAN1#61bis, the following was agreed regarding PUSCH Resource Allocation:

· For single antenna transmission,

· Maximum number of clusters is 2

· Resource allocation scheme

· CQI RB indexing scheme is used
· Number of bits for the RA scheme
· 　
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· 　where PUL is RBG size for uplink and is equal to the DL RBG size as defined for Rel-8 in 36.213 section 7.1.6.1
· A 1-bit flag differentiates between contiguous and non-contiguous RA

· Baseline is that a padding bit is used. 

· DCI format size is same as DCI format 0 

· (without considering other aspects that are independent of contiguous vs. non-contiguous RA, which are considered separately)

· Baseline is no new RRC configured mode for non-contiguous RA; (can revisit if strong justification is identified). 

· For SU-MIMO, the same applies 

· Except for format 0 message size:  new SU-MIMO DCI format includes 1-bit flag　　　　　　　
In this contribution, we discuss some of the remaining issues regarding control signalling for UL MIMO. 
2. Multi-Antenna Port Transmission Mode supporting up to 2 TB 
In the RRC-configured Uplink Multi-antenna transmission mode (Mode 2) supporting up to 2 TB, the UE monitors 2 DCI formats – DCI format 0 single-port fallback scheme and DCI format 4 supporting SU-MIMO with contiguous/non-contiguous type 0/1 resource allocation scheme as shown in Table 1. DCI format 4 is of different size than DCI format 0 resulting in 16 additional blind decodes.
Table 1 - PDCCH & PUSCH for Multi-Antenna Transmission Mode supporting up to 2 TB
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	Multi-antenna mode (Mode 2) – 

PDCCH and PUSCH configured by C-RNTI
	DCI format 0
	Common and UE specific 
	Single-antenna port
contiguous/non-contiguous type 0/1 RA  

	
	DCI format 4
	UE specific
	Closed-loop spatial multiplexing, 
contiguous/non-contiguous type 0/1 RA  

	Multi-antenna mode (Mode 2)  – 

PDCCH and PUSCH configured by SPS C-RNTI
	DCI format 0
	Common and UE specific 
	Single-antenna port, 
contiguous/non-contiguous type 0/1 RA  


2.1. Two TB/codeword UL SU-MIMO DCI Format 4
The DCI format 4 for codebook-based closed-loop two codeword UL MIMO is expected to be quite similar to the DL SU-MIMO DCI Format 2 [2] as shown in Table 2 and Table 3 (without CIF and aperiodic SRS trigger).
Table 2 - PDCCH DCI Format 4
	PDCCH Field
	(bits)

	RA header

(type 0/type 1)
	1

	 RB assignment
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	 MCS+RV TB 1,2
	5 + 5 

	 NDI  TB 1,2
	1 + 1

	TB-to-codeword swap flag
	1

	 CSI and OCC 
(for DM RS)
	3

	 TPC
	2

	 CQI request 
	1

	 TDD: UL index
	2

	 Precoding info. (TPMI, TRI)  
	3 (2Tx) / 6 (4Tx) 

	 CRC
	16


Table 3 – FDD PDCCH DCI Format 4 sizes for 2Tx
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1.4 6 5 0 16 44

3 15 7 0 16 46

5 25 9 0 16 48

10 50 11 0 16 50

15 75 12 0 16 51

20 100 13 0 16 52


Some of the features of the UL SU-MIMO DCI format 4 include:
· No UL hopping flag bit,
·  5-bit MCS+RV for each of transport block 1 and 2, No bits for HARQ process due to synchronous HARQ in the UL, 

· 1-bit NDI field for each of transport block 1 and 2,

· 1-bit Transport block to codeword swap flag – as in Rel-8/9 DCI format 2/2A allowing flexibility in TB to codeword mapping,

· 3-bit CS (and OCC) for DM-RS field indicating the CS and OCC for the DM-RS on the lowest layer of the first codeword (layer 0),

· 2-bit TPC command the scheduled PUSCH transmission (No per-layer and/or per-PA TPC command bits [4]),
· Precoding information (TPMI+TRI):

· 3-bit for 2-Tx (rank-1: 6 vectors including two vector for antenna selection; 1 identity matrix for rank-2) 

· 6-bit for 4-Tx (rank-1:24, rank-2: 16, rank-3:12, rank-4:1)

· 1 codepoint used to indicate single antenna port transmission scheme supporting contiguous/non-contiguous type 0/1 RA scheme

· 1-bit aperiodic CQI-request bit.
Some additional fields related to other Rel-10 features such as carrier aggregation (CIF) and dynamic aperiodic SRS (SRS request) may also be present.
Proposal: 
· PDCCH DCI format & PUSCH transmission scheme for Multi-Antenna Transmission Mode according to Table 1.

· DCI format 4 for codebook-based closed-loop two codeword UL MIMO according to Table 2 including:

· No UL hopping flag bit

· 1-bit Transport block to codeword swap flag

2.2. Mechanism for Disabling of a TB in UL SU-MIMO
There may be instances where one TB transmission is desired requiring disabling of one of the TBs when using SU-MIMO DCI format 4 which supports signalling and scheduling of  two TBs. In the DL MIMO, this is achieved by reserving a code point in the MCS+RV signalling fields i.e. when 
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 and if rvidx = 1 is signalled for a TB, then that TB is disabled. However, a seperate rvidx field is not available in UL grants with a pre-defined RV pattern defined for the retransmissions.
Some alternatives for disabling a TB in case of UL SU-MIMO two TB DCI format (0_2) are considered below. A TB can be disabled by one of more combination of the following rules:

· when 
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is signalled then the TB is disabled. (simple, and follows Rel-8/9),
· when rank, TRI =1 is signalled as part of the precoding information, TB1 is enabled and TB2 is disabled or vice versa (use an unused state of Precoding Information field),
· when aperiodic CQI bit is set to 1 and 
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, then the corresponding TB is disabled.
· when NDI =0, the corresponding TBS is disabled.
In [5], the following was proposed that for transport block disabling, 

· Alt1: Add CW1 disabling mechanism indicated by, e.g. MCS for CW1 = 29 and N_RB=1 ( scheduling restriction

It is noted that while a first codeword (or transport block) is disabled, the second transport block would still be utilizing the resource allocation field within the UL MIMO grant. Therefore utilizing N_RB=1 to indicate codeword (transport block) disabling is not desirable. 

While it is possible to define new codepoints as mentioned in [5], it is preferable to just use the same codepoint as was done in Rel-8/9 for the DL. It is noted that simply using 
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is sufficient for UL MIMO as it has extremely low spectral efficiency (~0.23 bits/symbol). Therefore reserving the code point 
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for signalling TB disabling is expected to have no impact whatsoever on the UL performance. 
Proposal: 
· In UL MIMO DCI formats supporting two transport block/codeword scheduling, a transport block is disabled if  
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 is signalled for the corresponding transport block.
2.3. Aperiodic CQI-only grant and UL-MIMO
In [5], it was proposed to extend the Aperiodic CQI-only grant to UL MIMO DCI by extending the Rel-8 codepoint (MCS = 29, N_RB<=4) to include the MCS=29 also for the second transport block.
It is unclear whether there is a need for transmitting only UL control information using spatial multiplexing. Further, requesting CQI-only uplink transmissions via the single-port fallback scheme is always available and is more efficient from a PDCCH overhead perspective. If an aperiodic CQI-only grant is to be defined for UL MIMO DCI, the existing Rel-8 code point (MCS = 29, N_RB<=4) can be used just the first transport block (MCS = 29, N_RB<=4). Aperiodic CQI-only in MIMO DCI can be restricted to single-layer (TRI=1) transmission for robust UL control information transmission. Robustness of single-layer transmission is more important for control information than the increased spectral efficiency of higher-rank transmissions.  
Proposal:
· If Aperiodic CQI-only PUSCH using UL-MIMO DCI is supported, single-layer (rank-1) transmission is used. Existing Rel-8 code point (MCS = 29, N_RB<=4) is used for the first transport block (MCS = 29, N_RB<=4).  
2.4. Two TB to one TB transition
As in the DL, there may be dynamic switching in the UL between one TB (single antenna port transmission scheme) and two TBs (UL SU-MIMO transmission scheme). In this case, like in the DL, it may be specified that the TB associated with the single antenna port transmission scheme corresponds to Transport block 1.

Proposal:

· Define the 2 TB to 1 TB transition for UL-MIMO the same as in Rel-8 DL - TB associated with the single antenna port transmission scheme corresponds to Transport block 1.
3. Multi-Antenna Port Transmission Mode supporting Single-layer, Single-TB/codeword Transmission 

In Rel-8/9 DL SU-MIMO, a UE can be configured in a transmission mode (mode 6) supporting compact scheduling on one PDSCH codeword using single-layer closed loop transmission scheme. Such a mode has the benefit of a smaller DCI format payload supporting rank-1 beamforming to UEs in poor SINR conditions. A similar transmission mode can be defined in the uplink using optimized DCI format (similar to DL DCI format 1B) supporting compact scheduling of robust rank-1 single codeword transmissions. 
In such a Uplink Multi-antenna transmission mode supporting single layer/TB/codeword transmission, the UE monitors 2 DCI formats –DCI format 0 single-port fallback scheme and DCI format 0_1B supporting single-layer closed-loop UL spatial multiplexing as shown in Table 4. DCI format 0_1B is of different size than DCI format 0 resulting in 16 additional blind decodes.
Table 4 - PDCCH & PUSCH for Multi-Antenna Transmission Mode supporting single layer/TB/codeword transmission
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	Multi-antenna mode – 

PDCCH and PUSCH configured by C-RNTI
	DCI format 0
	Common and UE specific 
	Single-antenna port, 
contiguous/non-contiguous type 0/1 RA  

	
	DCI format 0_1B
	UE specific
	Closed-loop spatial multiplexing using a single transmission layer, 
contiguous/non-contiguous type 0/1 RA  

	Multi-antenna mode – 

PDCCH and PUSCH configured by SPS C-RNTI
	DCI format 0
	Common and UE specific 
	Single-antenna port, 
contiguous/non-contiguous type 0/1 RA  


The DCI format 0_1B with contiguous RB assignment scheme for single-layer closed-loop UL spatial multiplexing is shown in Table 5 and Table 6. UL non-contiguous PUSCH is not supported given this mode is used for cell-edge UEs and non-contiguous is not suitable for cell-edge UEs due to A-MPR. Note in DCI format 0_1B Table 5, a 2-bit rank-1 precoding information bit field is used in case of 2Tx as the dynamic antenna selection precoders are not included. 
Table 5 - PDCCH DCI Format 0_1B
	PDCCH Field
	(bits)

	 RB assignment
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	 MCS+RV TB 1
	5

	 NDI  TB 1
	1

	 CSI and OCC 

(for DM RS)
	3

	 TPC
	2

	 CQI request 
	1

	 TDD: UL index
	2

	 Precoding info. (TPMI)  
	2 (2Tx) / 5 (4Tx) 

	 CRC
	16



Table 6 – FDD PDCCH DCI Format 0_1B sizes for 2Tx
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1.4 6 5 0 16 35

3 15 7 0 16 37

5 25 9 0 16 39

10 50 11 0 16 41

15 75 12 0 16 42

20 100 13 0 16 43


It can be been seen by comparing single codeword DCI format 0_1B size in Table 5 and Table 6 to the two codeword DCI format 4 in Table 2 and Table 3 that considerable saving in PDCCH payload (15-20%) is achievable for optimized single-layer closed loop transmission scheme. Such overhead savings are considerable for cell-edge UEs which are typically employing rank-1 single-layer transmission and need multiple PDCCH CCE aggregations for the UL grants. 

Proposal:

· Define a third RRC-configured multi-antenna transmission mode supporting single-layer, single-TB/codeword transmission
· Define a compact scheduling UL DCI grant for single transmission layer, one PUSCH codeword, closed loop spatial multiplexing transmission scheme with precoding information
· Contiguous RB assignment scheme same as in UL DCI format 0. 
· No signalling of dynamic antenna selection rank-1 2Tx precoders 
4. Single Antenna Port Transmission Scheme
At the RAN1#58 meeting, the following was agreed regarding single antenna port mode:

· UL Single Antenna Port Mode is defined for the UEs with multiple transmit antennas.

· In this mode, the UE behavior is same as the UE behavior with single antenna from eNB’s perspective

· Exact UE implementation is left to UE vendors (e.g., PA architecture)

· PUCCH, and/or PUSCH, and/or SRS transmission can be independently configured for single uplink antenna port transmission

· Detail scenarios and operation FFS 

· UL Single Antenna Port Mode is the default operation mode before eNodeB is aware of the UE transmit antenna configuration
Some scenarios and use cases for single antenna port transmission are given below [1]:

· Explicit configured (independently configured for PUCCH, PUSCH, and SRS, as agreed). For example, power consumption concern vs. limited gain under AGI, DMRS or SRS resource constraints, etc. It may be beneficial for eNB to coordinate the configuration on physical channels to avoid unnecessary complication and resource wastage. For example, if PUSCH is sent in single-antenna mode due to AGI, PUCCH and SRS should also be in that mode for power saving.

· Implicitly required, regardless of UE’s configuration state, such as  

· When eNB does not know the UE antenna capability (during initial network entry before UE capability is communicated), single-antenna port mode for all physical channel is the default operation mode. 

· When eNB does not know the identity of the UE and thus the user-specific RRC UL-MIMO configuration single-antenna port transmission scheme should be assumed for the PUSCH transmission (e.g., in UE’s PUSCH transmission (Random Access Response) on resources assigned by eNB in response to RACH).

· PUCCH HARQ-ACK transmission in response to a single CCE DL PDCCH – Implicit single antenna port transmission due to single PUCCH resource assignment

· Implicit single antenna port transmission may be used in response to PHICH-triggered single transport block retransmission with UL SU-MIMO two-transport block initial transmission [3].  

UE behavior and scenarios when a UE can dynamic use a single antenna port transmission scheme may need to specified [4]. For example, UL power control could need the UE to maintain the same total transmit power potentially introducing some power control inaccuracy due to potential PA operating point change with implementations that turn off all but one PA for single antenna port transmission.
5. Conclusion
We propose the following regarding transmission modes and control signalling to support SU-MIMO:

Multi-Antenna Port Transmission Mode supporting up to Two TB/codeword:

· PDCCH DCI format & PUSCH transmission scheme for Multi-Antenna Transmission Mode according to Table 1.

· DCI format for codebook-based closed-loop two codeword UL SU-MIMO according to Table 2 including:

· No UL hopping flag bit

· 1-bit Transport block to codeword swap flag
Mechanism for Disabling of a TB in UL SU-MIMO:
· In UL MIMO DCI formats supporting two transport block/codeword scheduling, a transport block is disabled if  
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 is signalled for the corresponding transport block.
Aperiodic CQI-only grant and UL-MIMO:
· If Aperiodic CQI-only PUSCH using UL-MIMO DCI is supported, single-layer (rank-1) transmission is used.  Existing Rel-8 code point (MCS = 29, N_RB<=4) is used for the first transport block (MCS = 29, N_RB<=4).  

Two TB to one TB transition:
· Define the 2 TB to 1 TB transition for UL-MIMO the same as in Rel-8 DL - TB associated with the 1 TB single antenna port transmission scheme corresponds to transport block 1.
Multi-Antenna Port Transmission Mode supporting Single-layer Closed-loop UL Spatial Multiplexing: 

· Define a third RRC-configured multi-antenna transmission mode supporting single-layer, single-TB/codeword transmission
· PDCCH DCI format & PUSCH transmission scheme for Multi-Antenna Transmission Mode supporting single-layer, single-TB/codeword transmission according to Table 4.

· Define a compact scheduling UL DCI grant for single transmission layer, one PUSCH codeword, closed loop spatial multiplexing transmission scheme with precoding information
· Contiguous RB assignment scheme same as in UL DCI format 0. 
· No signalling of dynamic antenna selection rank-1 2Tx precoders 
Single Antenna Port Mode:
· Discuss need to specify UE behavior and scenarios when a UE can dynamic use a single antenna port transmission scheme.
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