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Introduction
A WID [1] on DL MIMO enhancement for LTE was approved in RAN#80 with following objectives:  
· Enhance SRS capacity and coverage [RAN1]
· Introduce more than one symbol for SRS for one UE or for multiple UEs on a UL normal subframe
· Baseline: the minimum SRS resource allocation granularity for a cell is one slot, when more than one symbol in a normal subframe is allocated for SRS for the cell
· Enhancements on PUCCH and PUSCH are not in scope
· Introduce virtual cell ID for SRS 
· Specify higher layer support of enhancements listed above [RAN2]
· Specify RF requirement of UE for the enhancements listed above [RAN4]

In this contribution we discuss potential issues to consider with more than one symbol for SRS transmission in a subframe.   

Discussion
In [2], we discussed the potential symbols in a subframe for new SRS mapping and definition of SRS resource. We discuss some of the issues which need reconsidering in new SRS design.
SRS resource and number of symbols
With introduction of more than 1 SRS symbols (newSRS) in normal UL subframe, remaining symbols in the PRB(s) cannot be used for PUSCH or PUCCH transmission. Similar to NR, SRS resource can be defined for newSRS where newSRS span 1 or more symbols which can be mapped on any symbols apart from last symbol if legacySRS is configured in the subframe. One UE can be configured with multiple newSRS resources which can be mapped in 1 subframe or newSRS resources for multiple UEs can be configured in the same subframe. 
Observation: 
· Definition of SRS resource as in NR is a flexible design for newSRS in LTE.

Time domain behavior
LTE supports 2 types of time domain behavior, periodic transmission and aperiodic transmission while NR supports 3 types which include semi-persistent transmission. There are different purposes of different types of time domain behavior. Periodic transmission is semi-statically configured which is less flexible and aperiodic transmission is dynamically triggered which can used for on-demand transmission and semi-persistent transmission is flexible than periodic but less dynamic.
Periodic SRS is useful for long term and nominal channel acquisition, for dynamic scheduling aperiodic SRS is more useful. In current LTE, legacySRS can be configured as periodic or aperiodic, however aperiodic transmission is more useful for newSRS. As it is mentioned in the WID scope that enhancement of PUSCH is out of scope that means whole PRB(s) cannot be used for PUSCH transmission where newSRS is present. In this sense, periodic and semi-persistent newSRS may not be efficient which impacts PUSCH transmission of legacy UEs as well as Rel-16 UEs.
Observation: 
· Aperiodic newSRS is more useful than periodic and semi-persistent.
 
Bandwidth
In current LTE specification, SRS transmission bandwidth is configured with two parameters CSRS and BSRS, where CSRS is configured cell specifically and BSRS is configured per UE. In NR, both CSRS and BSRS are configured UE specifically. For newSRS, transmission bandwidth parameters can be considered to be UE specific and multiple of 4 PRBs with tree structure, similar to NR.
Observation: 
· NR SRS transmission bandwidth configurations can be starting point for newSRS transmission bandwidth configurations. 
 
Frequency hopping
LTE supports frequency hopping across subframes, although multiple symbols can be configured in UpPTS for SRS transmission intra-subframe frequency hopping is not supported. In NR, frequency hopping can be inter slot or inter slot or intra-inter slot depending on how the SRS parameters are configured. 
For newSRS, as there are more symbols in a subframe intra subframe frequency hopping can be considered. Similar mechanism as in NR where newSRS spanning multiple symbols with repetition factor configured can be considered. 
Observation: 
· NR SRS intra, inter-subframe frequency hopping can be considered.
 
Antenna switching
LTE and NR both supports antenna switching for SRS transmission, however two mechanisms are completely different. NR supports SRS antenna switching with multiple resource configuration which is straight forward and clean solution. Similar mechanism as in NR can also be considered for newSRS in LTE where multiple resources with one or more ports are configured according the UE capability.
Observation: 
· Antenna switching mechanism in NR can be considered for antenna switching for newSRS in LTE.  

Relation between legacySRS and newSRS
Additional 2 or 4 symbols in UpPTS for SRS transmission was introduced in LTE Rel-13, however they cannot used simultaneously with 1 or 2 SRS symbols in UpPTS. Configuration of newSRS and legacySRS in normal UL subframe should not be mixed together, it should be possible to configure newSRS separately from legacySRS. If the subframe contains legacySRS then newSRS can only be configured on remaining 13 symbols, which provides clean and simple design for newSRS. An UE can be configured with both newSRS and legacySRS to be transmitted in the same subframe.
Observation: 
· NewSRS and legacySRS can be separately configured to a UE, it is possible for the UE to transmit both newSRS and legacySRS in same subframe.
 
Conclusions
In this contribution we discussed some of the potential issues with more than one SRS symbol in the subframe. We have following observations:
· Definition of SRS resource as in NR is a flexible design for newSRS in LTE.
· Aperiodic newSRS is more useful than periodic and semi-persistent.
· NR SRS transmission bandwidth configurations can be starting point for newSRS transmission bandwidth configurations. 
· NR SRS intra, inter-subframe frequency hopping can be considered.
· Antenna switching mechanism in NR can be considered for antenna switching for newSRS in LTE.  
· NewSRS and legacySRS can be separately configured to a UE, it is possible for the UE to transmit both newSRS and legacySRS in same subframe.
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