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1. Introduction

In this contribution we address the transmission modes to be specified in Rel-10 for UEs with multiple UL transmit antennas, focusing on the following questions:

· What are the modes for each UL physical channels? How are they defined or configured?
· Under which possible scenario(s) UE enters/leaves a particular mode? 
· What is the UE behavior in a mode? Is it possible to use a transmission format different from the configured mode in some cases, either explicitly or implicitly? 

· Whether dynamic or semi-static signaling should be used to support entering/leaving a mode?  

· What is the signaling support for UL SU-MIMO, as well as for non-contiguous resource allocation? 
2. Modes Definition 

For a UE that is capable of simultaneous transmission from 2 or 4 antennas in a given component carrier (CC), a single-antenna port mode and a multi-antenna port mode can be defined. A few remarks:

· The term “mode”, as used in Rel-8, typically refers to a mode of operation enabled via RRC reconfiguration in a semi-static fashion. 

· We will use the term single-antenna port transmission and multi-antenna port transmission to describe a transmission format used in a UL physical channel, and single-antenna port mode and multi-antenna port mode to refer to an RRC configured mode of operation. Note that transmission from a single-antenna port may happen in some cases even though UE is configured as in multi-antenna port mode, in which case we just refer to as “single-antenna port transmission” instead of “single-antenna port mode”.  From a specification perspective, it does not seem to be problem as long as there is no ambiguity to both UE and eNB on the transmission format used for each physical channel. 
· The modes are defined on a per-CC basis. For UEs that have a reconfigurable architecture wherein multiple antennas can transmit on either the same CC or multiple CCs, the former configuration makes it possible to operate in a multi-antenna port mode and the latter may only support the single-antenna port mode.
2.1. Previous Discussion and Conclusion
Multi-antenna transmission in PUSCH, PUCCH, and SRS has been discussed with the following conclusions/status: 
For PUSCH:

· Precoding codebook

· 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)

· Rank-1 uses 1 CW and 1MCS, 1NDI, 1ACK/NACK

· Rank-2/3/4 uses 2 CW and 2 MCS, 2 NDI, 2 ACK/NACK

For PUCCH:

· Format 1/1a/1b: SORTD
· Format 2/2a/2b: FFS

For SRS:

· Rel-8 allows 2 antenna SRS 

· 4 antenna SRS: Signaling details are FFS
For PRACH:

· Same as Rel-8 (i.e., single antenna port mode)

RAN1#58 has also concluded the following with respect to 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
2.2. Configuration and usage scenarios 
At a high level, the need of defining single-antenna and multi-antenna port mode seems to be clear. Operation details still need to be defined, especially on the scenarios under which one transmission format is preferred over the other, the semi-static or dynamic signaling required to change transmission modes or transmission formats, and UE behavior in each mode. A brief list of potential scenarios and signaling is provided in the table below:
	
	Single-antenna port transmission
	Multi-antenna port transmission

	Operation scenarios 
	· UL MU-MIMO operation (e.g., via RRC)
· Before UE antenna configuration is known (i.e., eNB does not know the user-specific RRC state) 
· Due to DMRS or SRS constrain (configured via RRC) 
· Power consumption concern vs. limited gain under  AGI (configured via RRC)


	· When there is sufficient gain with precoding in PUSCH or diversity gain in PUCCH, while DMRS & SRS resources are available


	Configuration signaling
	· High layer (RRC)

· Dynamic configuration also possible for 2-Tx (two antenna selection vectors currently defined in the 3-bit codebook). Not possible in 4Tx codebook.
	· High layer (RRC)


Single-antenna port transmission is worth some further discussion here, especially on when such transmission format should be used, for example: (some cases also mentioned in [3])  

· When explicitly configured (independently configured for PUCCH, PUSCH, and SRS, as agreed)
· When 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 user-specific RRC UL-MIMO configuration (e.g., in UE’s PUSCH transmission on resources assigned by eNB in response to SR), single-antenna port transmission should also be assumed in PUSCH transmission.

What needs to be discussed are the cases when UE can dynamically transmit in single-antenna port format. Currently we can see several possibilities:

· The two antenna selection vectors defined as part of the 3-bit 2-Tx codebook will allow dynamic switch from multi-antenna precoding to single-antenna mode
· UE goes to single-antenna port transmission implicitly when it finds that only a single DM-RS port (i.e., a single cyclic shift) is assigned. An example of implicit single DM-RS port happens when the PUCCH transmission is to ACK/NACK a single-RB DL PDSCH. 

· If single DM-RS port is signaled explicitly in PDCCH, it may be used as a mechanism to dynamically switch to single-antenna transmission.

But it will be helpful to understand first the expected UE behavior during switch, as well as the pros and cons of dynamic switching:
· When switched to single-antenna transmission, UE power control will still need to maintain the same total transmit power. Even though it is a UE implementation issue, one likely behavior is that the UE will turn off all but one PA, which could mean a change of the operational point for that PA and thus introducing some power control inaccuracy. The issue of power control inaccuracy after switching must be considered carefully. 
· Dynamic switching (especially, fall-back) can potentially provide flexibility to obtain best tradeoff between power consumption and performance gain, such as under AGI. But AGI is a long term characteristics which may well be tracked with semi-static mode configuration.  

· Dynamic switching can potentially provide flexibility at eNB to manage DM-RS resources more effectively, as opposed to semi-static configuration.
· In order for a UE to optimize RF and PA for single-antenna transmission, in case of dynamically configured via PDCCH, the UE needs to have sufficient time to configure RF chain and PA after PDCCH decoding.

· Consequence due to potential ambiguity of transmission format at eNB and UE, such as when UE cannot decode PDCCH (i.e., error event) and PDCCH carries dynamic transmission format override,  needs further discussion.  
Based on the discussion above, we propose:
· Semi-static configuration of single-antenna port mode and multi-antenna port mode as the baseline

· Further study whether to allow dynamic override via PDCCH (e.g., antenna selection vectors in 2-Tx codebook)
Multi-antenna port mode for PUSCH (i.e., precoding) is typically aided by multi-antenna SRS transmission which could be configured separately from PUSCH. However, it makes sense for eNB to coordinate the configuration on physical channels to avoid unnecessary complication. 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. 
Once in multi-antenna port mode for either PUSCH or SRS transmission, the eNB may accumulate the AGI information from the DMRS or SRS. eNB can switch to single-antenna port mode based on AGI for example. However, once in the single-antenna port mode, unless multi-antenna SRS is always sent, which could mean a waste of SRS resources if UE still operates in single-antenna port mode (for PUSCH) due to high AGI, eNB does not have channel information to switch back to multi-antenna mode. We suggest:

· Further study of efficient mechanisms to enable mode switching such as low-overhead SRS transmission and AGI reporting from UE.
3. Signaling support for PUSCH 

PUSCH transmission needs to consider the following when defining signaling (DCI) support [1]

 REF _Ref260735553 \r \h 
[2]

 REF _Ref260735555 \r \h 
[5]:

· Single- and multi-antenna port  mode configured: discussed previously
· Contiguous and non-contiguous RA: Previous agreed to use allocation type 0/1 to support both
· In case of multi-antenna mode, one or two CW could be used
Before the details on DCI format (payload and numbers) can be optimized, we need to address:

· Should we optimize DCI to support non-contiguous RA and SU-MIMO separately?

Proposal: Supporting non-contiguous RA even for single UL antenna UEs is useful, which means that a separate DCI format could be defined for that case [6].

· Should we define DCI optimized for 1 CW and 2 CW separately, or strive for using the same DCI?

For UEs with 2 or 4 Tx, it is reasonable to still use allocation type 0/1 to support both contiguous and non-contiguous RA. It seems the biggest difference is in number of bits required to support 1 CW or 2CW, which is analyzed below 

· 1 CW: 1 MCS+RV (5 bit), 1 NDI (1 bit)

· PMI (2Tx): 3-bit (2-bit also possible with rank-1 only and no dynamic antenna selection)

· PMI (4Tx): 5-bit (size-24 for rank-1, 4-bit possible if group selection is not included)

· Total (MCS+RV & NDI & PMI): 9/8 bits for 2-Tx and 11/10bits for 4-Tx. Note that UE with 2/4-Tx will search for its own DCI formats.

· 2 CW: 2 MCS+RV (2x5=10 bits), 2 NDI (2x1=2 bits)

· PMI (2-Tx): not needed (implied by 2 MCS fields)

· PMI (4Tx): rank-2/3/4 (size 16+12+1=29 with 5 bit possible)

· Total (MCS+RV & NDI & PMI): 12 bits for 2-Tx and 17 bits for 4-Tx

For 2-Tx, at least 3~4 bits of difference is expected between 1 CW or 2 CW. For 4-Tx, the difference can be at least 6~7 bits.  

Proposal: Define separate DCI formats, one optimized for only 1 CW and the other for up to 2 CWs. An example can be seen in [6]..
4. Conclusions
In this contribution we address the transmission modes to be specified in Rel-10 for UEs with multiple UL transmit antennas, we propose:

· Semi-static configuration of (PUSCH?) single-antenna port mode and (PUSCH?) multi-antenna port mode as the baseline

· Further study whether to allow dynamic override via PDCCH (e.g., antenna selection vectors in 2-Tx codebook)
· DCI format for PUSCH:

· Supporting non-contiguous RA even for single UL antenna UEs in a separate DCI format
· Define separate DCI formats optimized for 1 CW and 2 CW
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