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1 Introduction

In RAN1#86 meeting, the issue on SRS switching for UE with multiple antennas was discussed and the following agreement were made [1].

Agreements:

· Support SRS from each of the multiple antennas with carrier switching for periodic and aperiodic SRS

· For 2 antenna cases, supported if UE is capable of UL 2x2 MIMO or 2 antenna switching

· For 4 antenna cases, supported if UE is capable of UL 4x4 MIMO or 4 antenna switching (if introduced)

· Details FFS

This contribution further discusses details on SRS switching for UEs with multiple antennas. 
2 Discussion

For TDD system, sounding is very important for system performance improvement. The DL CSI greatly depends on sounding. Since all antennas and all carriers would be utilized in DL reception, it is needed to support sounding for all antennas and all carriers of UE.  
With the different DL and UL capabilities, UE can sound one or several antennas at a time. The following summaries the different UL capability cases:

1. 2 Rx in DL

a. 1 Tx in UL, not supporting transmit antenna selection
b. 2 Tx in UL

c. 1 Tx in UL, supporting transmit antenna selection

2. 4 Rx in DL

a. 1 Tx in UL, not supporting transmit antenna selection
b. 2 Tx in UL, not supporting transmit antenna selection
c. 4 Tx in UL

d. 1 Tx in UL, supporting transmit antenna selection

e. 2 Tx in UL, supporting transmit antenna selection
For Cases 1a, 2a, 2b, it is not possible to sound all the antennas since transmit antenna selection is not supported, that is, UE is not capable of transmitting on the other antenna(s). These cases are excluded in our considerations below.
For 2 antenna cases, UE can support sounding of the 2 antennas through UL 2x2 MIMO (Case 1b) or 2 antenna switching (Case 1c), which are already supported in specifications for UEs with different capabilities. With the introduction of SRS carrier based switching, sounding of the 2 antennas can be performed on a PUSCH-less carrier without additional standard impact, via RRC configuration for P-SRS and RRC configuration plus DCI indication for A-SRS.

For Case 2c, the sounding by all 4 Tx antennas is already supported in R13, and it can be combined with SRS carrier based switching without additional standard impact. However, UEs supporting 4 Tx in UL rarely exist in the real network. It may need a long time before the UE with uplink 4 Tx capability can be popularized. For 4 Rx in DL, the typical UE capabilities should be Cases 2d and 2e. Therefore, to sound all the  4 uplink antennas, Cases 2d and 2e should be the main focus for SRS enhancement. 
For 4 antenna cases, if UE has only 1 UL Tx antenna capability (Case 2d) or 2 UL Tx antenna capability (Case 2e), 4 antenna switching should be introduced to sound all the antennas. The 4 antenna switching will benefit the sounding of all the CCs, including CCs with or without PUSCH. 

The sounding enhancement on frequency and spatial domains will significantly improve the DL throughput, which is the motivation of SRS carrier based switching WI. It is thus proposed to introduce 4 antennas switching (Cases 2d and 2e) for the SRS with carrier switching. 
Proposal 1: 4 Tx antenna switching is introduced for the sounding of UE with 1 or 2 UL Tx antenna capability. 
In Rel-13, for 2 antenna switching, the Tx antenna is switched at each SRS transmission instance for P-SRS. 2 Tx antenna switching over one carrier is performed based on a predefined pattern calculated from RRC configured parameters. For a UE with 4 antennas, the antenna switching should include all the 4 antennas. With the carrier switching in Rel-14, UE can also perform antenna switching for SRS transmission combined with carrier based switching. Therefore, the sounding can be preformed by different carriers and antennas. 

The switching of antennas for SRS transmission with carrier switching can be based on a predefined pattern calculated from RRC configured parameters. The mechanism is similar with 2 Tx antenna switching supported in Rel-13. The predefined switching pattern should facilitate the sounding of all antennas. All the antennas should have the opportunity of SRS transmission on CCs with or without PUSCH . The enabling of antenna switching with carrier switching can be configured by RRC.  The carrier switching for SRS transmission will perform the antenna switching based on the predefined pattern. 
Proposal 2: The SRS antenna switching with carrier switching is based on a predefined pattern. 

For SRS carrier based switching, P-SRS and A-SRS are both supported. For CCs with or without PUSCH, SRS should be configured separately by RRC. For CCs with PUSCH, legacy sounding procedure can be reused for all the antenna switching cases except for Cases 2d and 2e. For Cases 2d and 2e, new antenna switching formula can be defined to support sounding of all the 4 Tx antennas.  For Case 2d, in Rel-13, the formula for 4 Tx antenna switching was proposed in [2]. For case 2e, the 4 Tx antennas can be divided into 2 groups with 2 antennas in each group. Antenna switching can be performed both between antenna groups and between antennas within a group. 

Proposal 3: New formulas for 4 Tx antenna switching is defined for the sounding of UE with 1 or 2 UL Tx antenna capability.
For CCs without PUSCH, new sounding procedure can be defined to address the combination of antenna and carrier switching. The UE capable of UL 4x4 MIMO can sound 4 antennas at a time. For the UE with 1 UL Tx antenna capability, 4 Tx antenna switching is used for sounding 1 antenna at a time. With RF retuning time, frequent carrier switching will bring larger retuning time overhead. To support 4 Tx antenna switching, the overhead of switching antennas + carriers should be improved. 
The latency of sounding all the antennas and carriers may be large. To reduce the latency of sounding, it is better to sound all the 4 Tx antennas on a CC when carrier switching proceeds for SRS on the CC. The SRS from 4 Tx antennas should be transmitted on different symbols within a short interval to reduce latency. For TDD system, especially for PUSCH-less CC, multiple symbols (e.g., all 4 additional symbols in UpPTS) in a subframe should be considered to be used for SRS transmission of 4 Tx antennas by the same UE. In current TS36.213, it has “For TDD serving cell, and if the UE is configured with two or four additional SC-FDMA symbols in UpPTS of the given serving cell, all can be used for SRS transmission and for trigger type 0 SRS at most two SC-FDMA symbols out of the configured additional SC-FDMA symbols in UpPTS can be assigned to the same UE.” If such a restriction is removed, then all 4 additional symbols in UpPTS can be used by the same UE for SRS transmission. 
Proposal 4: Allow more symbols in UpPTS to be used by the same UE to reduce the overhead and latency of sounding with antenna and carrier switching. 
3 Conclusion

In this contribution, the issues on SRS switching for UEs with multiple antennas are discussed.  Hence, we propose:

Proposal 1: 4 Tx antenna switching is introduced for the sounding of UE with 1 or 2 UL Tx antenna capability. 
Proposal 2: The SRS antenna switching with carrier switching is based on a predefined pattern. 

Proposal 3: New formulas for 4 Tx antenna switching should be defined for the sounding of UE with 1 or 2 UL Tx antenna capability.
Proposal 4: Allow more symbols in UpPTS to be used by the same UE to reduce the overhead and latency of sounding with antenna and carrier switching.  
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