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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 symbol and additional SRS configuration
In RAN1#97 and RAN1#98 meetings the following agreements 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,

Agreement
Guard period for frequency hopping and/or antenna switching can be configured regardless of intra-subframe repetition configuration. 
· It is up to RAN4 to introduce a UE capability for those UEs which do not require guard period.
· Including whether to have separate UE capabilities for frequency hopping and antenna switching if such UE capability is introduced




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 time gap between additional SRS symbol transmission can be larger than one OFDM symbol even guard symbol is not required. Such flexibility may be needed to accommodate multiplexing of additional SRS transmission from other UE using other additional SRS configuration (e.g. repetition factor). In this case it seems natural to consider more general approach of additional OFDM symbol configuration for UL subframe by using 14 bits bitmap, where each bit indicates presence of SRS in the corresponding OFDM symbols of UL subframe. For UL subframe containing legacy SRS the same bitmap can be reused by truncation of the MSB bit in the bitmap and therefore prioritizing legacy SRS transmission over additional SRS if configured.

Proposal 1: 
· Guard period for additional SRS are configured as part of additional SRS symbol configuration, where additional SRS symbols are configured as bitmap of length 14 bits
· The first OFDM symbol in the subframe corresponds to LSB and the last OFDM symbol in subframe in the subframe corresponds to MSB in the bitmap. 
· If additional SRS symbol is overlapping with legacy SRS symbol, UE should transmit legacy SRS symbol.
3. 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 clarified. 
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
5. Multiplexing of SRS and physical channels
	Conclusion
sPUSCH and/or sPUCCH can be used to handle the collision between SRS and PUCCH/PUSCH.
· FFS: Introduction of sPUSCH and/or sPUCCH capability for Rel-16 UEs to enable sPUSCH and/or sPUCCH transmission in the SRS subframe.

For further discussion in RAN1#98bis
For the handling of collision of SRS and PUCCH/PUSCH transmission for UEs not supporting sPUSCH/sPUCCH, downselect from the following
· Alt2A: UE delays SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier
· Alt2B: UE drops SRS transmission in the additional symbols if the SRS collides with PUCCH/PUSCH/PRACH in the same carrier
· Alt3: UE does not expect to be triggered with aperiodic SRS in the additional symbols of the SRS that collides PUCCH/PUSCH/PRACH in the same carrier
· FFS: Details for collision situations for interband-CA, intraband-CA
· Alt4: It is up to eNB implementation



In RAN1#98, sPUCCH and sPUSCH were agreed to be used a one mechsnism to handle collision of additional SRS and PUCCH/PUSCH in one subframe. It should be noted that Rel-14 UE capability associated with support sPUCCH and sPUSCH would also require supports of other components, e.g., sDCI, subslot PDSCH (see table below) 

	sTTI operation
	
1) DL/UL configuration of stti length
2) sDCI monitoring in PDCCH and CRS based SPDCCH
3) Transmission of SPUCCH in formats 1, 3 and 4
4) Transmission of UL TM1 subslot/slot based PUSCH 
5) Configuration and decoding of CRS based subslot/slot based PDSCH incl. higher layer configured SPDCCH rate-matching mode

	Already agreed UE capability signaling: 
* different sTTI capabilities for different UL/DL sTTI length combinations and for each band of the reported band combinations. 
* UE capability is reported on skipping subframe processing to start processing slot/subslot PDSCH/PUSCH
* UE capability is reported on the maximum number of blind decodes in USS in one subframe for CCs configured with sTTI operation, including both legacy DCI formats and sDCI
* UE capability is reported on the supported processing timeline sets for subslot operation 



Such additional functionality is not essential for handling the collision with SRS and, therefore, should be excluded to reduce UE complexity. In other words only component 3 and 4 of sTTI functionality should be supported. Moreover sPUCCH and sPUSCH capability in components 3 and 4 should be amended by additional constraint of at most one sPUSCH and sPUCCH transmission occasion per UL subframe.

Proposal 4: Support sPUCCH and sPUSCH capability for efficient multiplexing of the additional SRS with corresponding physical channels in the same subframe. Introduce the corresponding capability with additional constrain of single sPUSCH or sPUCCH transmission occasion per UL subframe.

[bookmark: _GoBack]Regarding collision handling between SRS and PUCCH / PUSCH for UE not supporting sPUCCH / sPUSCH structures. Four alternatives were identified in RAN1#98 meeting to support transmission of the additional SRS with other uplink transmissions in the same subframe. Among four alternatives, the first two are not well justified considering aperiodic structure of SRS that could avoid the collision by scheduling. In the third alternative the triggering of SRS with other uplink channels should be allowed for inter-band CA. Based on the discussion above we propose to use Alt 4, but limited to intra-band CA scenario. 

Proposal 5: For SRS collision handling with PUSCH/PUCCH support modified Alt 4 limited to intra-band CA.
7. Conclusion
In this contribution we provide over views on the remaining issues for additional SRS support. The following proposals were made:
· Guard period for additional SRS are configured as part of additional SRS symbol configuration, where additional SRS symbols are configured as bitmap of length 14 bits
· The first OFDM symbol in the subframe corresponds to LSB and the last OFDM symbol in subframe in the subframe corresponds to MSB in the bitmap. 
· If additional SRS symbol is overlapping with legacy SRS symbol, UE should transmit legacy SRS symbol.
· 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
· Support sPUCCH and sPUSCH capability for efficient multiplexing of the additional SRS with corresponding physical channels in the same subframe. Introduce the corresponding capability with additional constrain of single sPUSCH and sPUCCH transmission occasion per UL subframe.
· For SRS collision handling with PUSCH/PUCCH support modified Alt 4 limited to intra-band CA 
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