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1. Introduction
In RAN#82 meeting the work item on DL MIMO efficiency enhancements for LTE was approved [1]. According to WID description the performance of DL MIMO should be improved by using additional SRS transmission in the UL subframe. In this contribution we provide our views on the remaining issues related to support of the additional SRS symbols.
2. Guard period for SRS
In RAN1#97 the following agreement on guard period for additional SRS symbols was made. 

	Agreement
A guard period can be configured for frequency hopping and antenna switching of additional SRS symbols.
· If guard period is configured, it is 1 OFDM symbol
· FFS: Guard period for frequency hopping and/or antenna switching is always configured when intra-subframe repetition is not configured,



According to the agreement a guard period of one OFDM symbol can be configured when frequency hopping / antenna switching is used. It should be noted that the usage of SRS guard period is not required when additional SRS are configured with repetition due to multiple adjacent SRS transmission occasion in the same subframe. It is, therefore, recommended to restrict configuration of the guard periods only for the SRS transmission scenarios without intra-subframe repetitions. Such restriction would allow more efficient use of the UL subframe resources for the UE.

Proposal 1: SRS guard periods for antenna switching / frequency hopping are not used when additional SRS are configured with repetitions
2. The order of intra sub-frame repetition, frequency hopping and antenna switching
	Working Assumption
When intra-subframe frequency hopping/repetition and intra-subframe antenna switching are concurrently configured, frequency hopping should be performed before antenna switching.



In RAN1#97, the working assumption has been made defining the order of additional SRS transmission with frequency hopping and antenna switching. More specifically, the frequency hopping for additional SRS should be performed first followed by antenna switching. In more general scenario, when SRS repetition is used in conjunction with SRS frequency hopping and/or antenna switching, the SRS transmission order should be further clarify. 
More specifically, to maximize the processing gains and minimize the number of transient periods, it is recommended to perform SRS repetitions first, followed by SRS frequency hopping and then SRS antenna switching. Such SRS transmission order should make DL CSI acquisition on SRS more robust in the channels with fast fading as well as would minimize the number of SRS interruptions due to transient period. 

Proposal 2: To maximize the processing gains and minimize the number of transient periods, SRS transmission should be performed in the following order (1) repetition (2) frequency hopping (3) antenna switching
4. Remaining details of the frequency hopping
In Rel-15 the frequency hopping for the legacy SRS is only supported for periodic SRS transmissions. In the scenario where legacy and additional SRS are configured, the uplink subframe with additional SRS symbol may or may not contain the legacy SRS transmission. Considering that transmission of additional and legacy SRS are independent, the overall SRS transmission pattern becomes irregular. It is therefore natural to decouple frequency hopping patterns for additional SRS symbol and periodic legacy SRS.

Proposal 3: The frequency hopping patterns for the legacy periodic SRS and additional aperiodic SRS are independently defined
4. SRS power control
	Agreement 
At least for the case where there no legacy SRS transmission on the subframe, at least independent open loop power control of additional SRS symbols from legacy SRS symbols is supported.
· Further study the power control for SRS symbols when additional and legacy SRS symbols are transmitted in the same subframe.
· FFS: independent closed loop



According to the agreement from RAN1#97 meeting, the open loop power control for additional and legacy SRS is independent. On the other hand, when additional and legacy SRS are simultaneously present in the same subframe, independent power control configurations could make joint processing of received SRS at eNB not feasible due to ambiguity in the power control settings. Therefore, it is necessarily to fallback to the common (e.g. legacy) power control if both legacy and additional SRS are triggered in the same subframe.

Proposal 4: If independent power control is used for SRS, for the subframe where legacy and additional SRS are triggered, all SRS symbols transmission should follow the same power control configurations corresponding to legacy SRS to facilitate joint processing at eNB and avoid transient period.
4. Multiplexing of SRS and physical channels
	Agreement
For the handling of collision of SRS and PUCCH/PUSCH transmission, downselect from the following in RAN1#98
· Alt1: Use sPUSCH and/or sPUCCH
· Introduce sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.
· Multiplexing of sTTI on same subframe and same PRBs with additional SRS on symbols where SRS is not transmitted is supported
· Alt2: UE drops or delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier
· Choose between drop and delay
· Alt3: UE does not expect to be triggered with aperiodic SRS in the additional symbols of the SRS collides PUCCH/PUSCH/PRACH in the same carrier
· FFS: Collision on interband-CA, intraband-CA
· Alt4: It is up to eNB/UE implementation



According to the agreement from RAN1#97 meeting, four alternatives were identified to support transmission of the additional SRS with other uplink transmissions in the same subframe. Among four alternative, the first three has specification impact in RAN1. In the first alternative simultaneous transmission of SRS and other physical channel is achieved by using subslot transmission of PUSCH and PUCCH with TDM multiplexing with additional SRS symbols. Due to flexible configuration of sPUCCH and sPUSCH durations, this option is beneficial in the scenarios with high DL loading, where all UL subframes would require PUCCH transmission with ACK/NACK reports form the UE. The second alterative from the RAN1#97 meeting agreement relies on the dropping of SRS in case of collision with other uplink transmissions in the same uplink subframe. This option, however, is not well justified considering aperiodic structure of SRS that could avoid the collision by scheduling. In the third alternative UE is not expected to be triggered with SRS transmissions colliding with PUSCH or PUCCH. This alternative defines overlapping as error case and similar to the fourth alternative. Based on the discussion above the first alternative is more preferable and, therefore, recommended for specification. 

Proposal 5: Support sPUCCH and sPUSCH capability for efficient multiplexing of the additional SRS with corresponding physical channels in the same subframe.
5. Conclusion
In this contribution we provide over views on the remaining issues for additional SRS support. The following proposals were made:
· SRS guard periods for antenna switching / frequency hopping are not used when additional SRS are configured with repetitions
· To maximize the processing gains and minimize the number of transient periods, SRS transmission should be performed in the following order (1) repetition (2) frequency hopping (3) antenna switching
· The frequency hopping patterns for the legacy periodic SRS and additional aperiodic SRS are independent
· If independent power control is used for SRS, for the subframe where legacy and additional SRS are triggered, all SRS symbols transmission should follow the same power control configurations corresponding to legacy SRS to facilitate joint processing at eNB
· Support sPUCCH and sPUSCH capability for efficient multiplexing of the additional SRS with corresponding physical channels in the same subframe 
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