[bookmark: _Ref409106980][bookmark: _Ref387147111][bookmark: _Ref416466774]3GPP TSG RAN WG1 Meeting #93		R1-1807123
Busan, Korea, May 21st – 25th, 2018
	
Agenda Item:	6.2.9
Title:  	Capability for SRS antenna switching
Source: 	Qualcomm Incorporated
Document for:	Discussion and Decision
1. Introduction
In RAN1#92bis meeting, we have the following agreement on SRS antenna switching [1]:
Agreement: 
Support SRS antenna switching for 1T4R antenna configuration when frequency hopping is disabled as
 

In addition, we had agreed CR R1-1805441 based on email approval of [92b-LTE-14].

In this contribution, we consider the UE capability for SRS antenna switching. We need to send a LS to RAN2 about the related parameters. In addition, we discuss PUSCH antenna selection and PUSCH MIMO enhancement based on the introduced 4-way SRS antenna switching.
2. UE capability for SRS antenna switching
How to configure the SRS antenna switching is dependent on the UE capability. eNB already knows the number of the antenna ports and the number of tx antenna chains of the UE. However, as discussed in previous meetings, the interaction of antenna switching for different band/band combinations may be cumbersome (e.g. capability CR endorsed in [3] by RAN2). 
Also, the capability of the switchable antennas may depend on a number of factors, such as the routing/switches from the Tx chains to the antennas, which is Band of Band Combination (BoBC) specific, as explained in [3]. For example, a UE with two chains may have no limitation of antenna switching and it is most efficient to configure SRS antenna switching 2T4R with 2 antenna pairs. The eNB is expecting the antenna pairs of {0,1} or {2,3} to be transmitted at SRS instances. However, some UE may have limited antenna switching due to the OEM product. For example, the tx chain1 is fixed to the UE antenna port0 but tx chain2 is switchable to the other UE antenna port1~3. Such UE could choose to support SRS antenna switching 1T4R and/or SRS antenna switching 2T4R. If the SRS antenna switching 2T4R with 3 antenna pairs is configured, the eNB is expecting the antenna pairs of {0,1} {0,2} and {0,3} to be transmitted at SRS instances (as introduced in [2]). If the SRS antenna switching 1T4R is configured, the antenna 0~3 will transmitted at SRS instances, respectively.
Accordingly, the eNB should configure the SRS antenna switching mode for 1T2R/1T4R/2T4R for each of the configured component carriers.
Based on [2], the UE capabilities for SRS antenna switching should include:
· [bookmark: _GoBack]Support of SRS-Antenna-Switching-1T2R 	(same as legacy ue-TransmitAntennaSelection)
· Support of SRS-Antenna-Switching-1T4R 
· Support of SRS-Antenna-Switching-2T4R with SRS-Antenna-Switching-2T4R-NrofPairs = 2
· Support of SRS-Antenna-Switching-2T4R with SRS-Antenna-Switching-2T4R-NrofPairs = 3
All the capabilities above should be per BoBC, similar to those introduced in [2].
Proposal 1: Send a LS to RAN2 to ask them to introduce the following independent UE capabilities for SRS antenna switching per BoBC:
· Support of SRS-Antenna-Switching-1T4R: Indicates the UE supports 1T4R in the corresponding band of combination.
· Support of SRS-Antenna-Switching-2T4R with SRS-Antenna-Switching-2T4R-NrofPairs = 2: Indicates the UE supports 2T4R with two antenna pairs ( in TS 36.213, Clause 8.2) for the corresponding band of band combination.
· Support of SRS-Antenna-Switching-2T4R with SRS-Antenna-Switching-2T4R-NrofPairs = 3: Indicates the UE supports 2T4R with three antenna pairs ( in TS 36.213, Clause 8.2) for the corresponding band of band combination.

3. PUSCH antenna selection and MIMO enhancement based on the introduced 4-way SRS antenna switching

In LTE Rel-8, the higher layer parameter “ue-TransmitAntennaSelection” is used for both SRS antenna switching 1T2R and PUSCH antenna selection 1T2R. Based on [2], we have agreed “The UE is not expected to be configured with either SRS-Antenna-Switching-1T4R or SRS-Antenna-Switching-2T4R simultaneously with ue-TransmitAntennaSelection”, which means the PUSCH antenna selection 1T2R cannot be used when SRS antenna switching 1T4R or 2T4R is configured.
Consider the use case of SRS antenna switching 1T4R in TDD system, the uplink channel estimation can be used for DL MIMO based on UL/DL reciprocity. If UE has a single port and supports SRS 1T4R, it is also capable to support SRS 1T2R based on antenna 0 and 1. Therefore, the UE can do PUSCH antenna selection based on 1T2R. When the UE has more than one antenna, it would be useful to allow PUSCH antenna selection 1T2R to achieve higher UL throughput. For this case, similarly to LTE Rel-8 operation, only antenna 0 and 1 are used for PUSCH 1T2R. 
If further enhancement on UL user throughput is desired, we should consider supporting PUSCH antenna selection 1T4R based on SRS antenna switching 1T4R to achieve larger transmit diversity gain. 
Another use case for SRS antenna switching 2T4R, besides the UL channel sounding of total 4 antennas for DL MIMO, the channel/phase estimation of different SRS antenna pairs can be used for UL MIMO (either coherent or non-coherent). For the case of non-coherent MIMO, the eNB may pick the best set of 2 antennas to transmit 2 spatial streams. For coherent MIMO, the eNB would need to get the phase estimation of all possible UE antenna pairs, there are in total 6 UE antenna pairs, such as {0,1} vs. {2,3}, {0,2} vs. {1,3}, and {0,3} vs. {1,2}, if the UE has the flexibility to pair all different UE antennas. For the sake of overhead control (and pending RAN4 confirmation on the feasibility of this technique), we could choose 3 antenna pairs of {0,1} {2,3} {1,2} to estimate the relative phases of all combinations (e.g., the relative phases between e.g. {0,2} could be derived based on {0,1} and {1,2}). The required SRS instances/resources could still be tolerable, i.e., 3K SRS instances. 

Proposal 2: Support PUSCH antenna selection 1T2R when SRS antenna switching 1T4R is configured.

Proposal 3: For UL throughput enhancement,
· Consider PUSCH antenna selection 1T4R based on SRS antenna switching 1T4R.
· Consider PUSCH UL 2-layer MIMO based on SRS antenna switching 2T4R.

4. Conclusion
Based on the discussion, we have following proposals:
Proposal 1: Send a LS to RAN2 to ask them to introduce the following independent UE capabilities for SRS antenna switching per BoBC:
· Support of SRS-Antenna-Switching-1T4R: Indicates the UE supports 1T4R in the corresponding band of combination.
· Support of SRS-Antenna-Switching-2T4R with SRS-Antenna-Switching-2T4R-NrofPairs = 2: Indicates the UE supports 2T4R with two antenna pairs ( in TS 36.213, Clause 8.2) for the corresponding band of band combination.
· Support of SRS-Antenna-Switching-2T4R with SRS-Antenna-Switching-2T4R-NrofPairs = 3: Indicates the UE supports 2T4R with three antenna pairs ( in TS 36.213, Clause 8.2) for the corresponding band of band combination.

Proposal 2: Support PUSCH antenna selection 1T2R when SRS antenna switching 1T4R is configured.

Proposal 3: For UL throughput enhancement,
· Consider PUSCH antenna selection 1T4R based on SRS antenna switching 1T4R.
· Consider PUSCH UL 2-layer MIMO based on SRS antenna switching 2T4R.
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