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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 rationales for SRS capacity and coverage enhancement. 

Discussion
Background 
LTE supports SRS transmission by UE in UL subframe or UpPTS in special subframe. SRS in normal subframe can be configured on last symbol of the subframe while up to 6 symbols can be used for SRS in UpPTS. Additional number of symbols in UpPTS provides some capacity increase compared to earlier release of LTE, however with growing demand to support various types of services and application SRS capacity limitation becomes obvious. For power limited scenario, LTE supports narrow band (or sub-band) SRS transmission with frequency hopping.
Considering the limitations of LTE SRS design, the first release of NR supports very flexible configuration of SRS with the concept of SRS resource definition. Figure 1 shows an example of how SRS resources can be configured within a slot in NR. SRS resource can be mapped on last 6 symbols of a slot and 1 SRS resource can span 1, 2 or 4 symbols, this provides very flexible configuration of SRS as needed. NR also supports intra slot frequency hopping which allows UE to sweep the entire bandwidth quickly or within the slot. 

Figure 1: Example of SRS resource mapping in a slot

Capacity and coverage enhancement
One of the main objectives of this WI is to introduce more than one symbol for SRS transmission for one or more UEs in a normal UL subframe. Below we use terms newSRS for which is potentially introduced in LTE Rel-16 and legacySRS for which is already supported by LTE.
In current LTE specification, in a normal UL subframe last symbol of the subframe is higher layer configured for SRS transmission, when it is configured then 13 remaining symbols can be used for PUSCH transmission. When SRS is not configured in the subframe, all 14 symbols can be used for PUSCH transmission. 
Figure 2 shows a PRB structure where figure a) has a symbol occupied by legacySRS and figure b) shows the PRB without legacySRS.

a)                                                                                                                b)
Figure 2: potential newSRS mapping region

To increase the capacity and coverage newSRS can be mapped on 13 symbols or 14 symbols for the subframe. Similar to NR, SRS resource can be defined for newSRS where newSRS can span 1 or more symbols. One newSRS spanning more than 1 symbol improves coverage and in power limited scenario intra subframe frequency hopping can also be supported. Multiple UEs can be multiplexed in time, frequency and code domain to increase capacity.
Taking SRS design in NR as starting point, newSRS resource can span 1, 2 or 4 symbols, and can be mapped on all symbols except legacySRS if configured. The frequency domain comb structure and code domain cyclic shift is supported for multiplexing newSRS ports of one resource or multiple resources.

Figure 3: Example of newSRS resource

Figure 3 shows an example of newSRS resources, where there is one symbol occupied by legacySRS and remaining 13 symbols can be used for newSRS mapping.
Proposal:For SRS capacity and coverage enhancement, SRS design in NR can be a starting point. 

Conclusions
In this contribution we discussed potential enhancement of SRS and propose:
Proposal: for SRS capacity and coverage enhancement, SRS design in NR can be a starting point. 
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