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1. Introduction

A new WI [1] on LTE MIMO enhancement was agreed 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 some of the potential issues to consider.
2. Discussion
In LTE, except in UpPTS, only one symbol can be configured for SRS transmission in each UL sub-frame, however up to 6 symbols can be configured for SRS transmission in UpPTS. Considering the capacity limitation and lack of flexibility in LTE, NR introduced very flexible configuration of SRS resources supporting wide range of application. And, NR introduced SRS resource concept which does not exist in LTE.

One of the objectives of the WID is to enhance SRS capacity and coverage with introduction of more than one symbol for SRS transmission in normal UL sub-frame. For capacity and coverage enhancement, some of the concepts introduced in NR can be reused in LTE where SRS resource is defined and one SRS resource can occupy 1, 2 or 4 symbols on last 6 symbols of the slot. Figure 1 depicts the SRS resource mapping region within a slot in NR.
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Figure 1, SRS mapping region in a slot in NR
It is further stated in WID that enhancements on PUCCH and PUSCH are not in scope, which means mini-slot type of scheduling (PUSCH transmission on part of symbols in a sub-frame) is not allowed. With such condition, if only last 6 symbols in a slot are supported for SRS transmission in normal UL sub-frame then remaining symbols are wasted. Thus we propose to utilize all symbols in the UL sub-frame for potential SRS transmission. Furthermore, the legacy SRS may be configured on last symbol of the UL sub-frame, then remaining 13 symbols can be utilized for enhanced SRS transmission.
Proposal: enhanced SRS can be configured on either 14 symbols or first 13 symbols of a normal UL sub-frame.
A UE can be configured with legacy SRS on last symbol of a normal UL sub-frame and at the same time it should be possible to configure enhanced SRS on the same sub-frame. The UE behavior should be clarified when both legacy SRS and enhanced SRS are configured on the same sub-frame. In our view, legacy SRS and enhanced SRS are independently configured to a UE, and it should be possible for a UE to transmit both legacy and enhanced SRS with a sub-frame.
Observation1: a UE can be configured with legacy and enhanced SRS within a sub-frame, the UE can transmit both legacy and enhanced SRS within a sub-frame if configured.

SRS resource is defined in NR, where one SRS resource can span 1, 2 or 4 symbols. Introduction of SRS resource allows flexible implementation of frequency hopping and antenna switching for SRS transmission in NR. Similar concept can be considered for enhanced SRS in LTE.
Observation2: SRS resource definition is useful for enhanced SRS in LTE.

With multiple symbols configurable for enhanced SRS transmission in a normal UL sub-frame, it is possible for intra-sub-frame frequency hopping for SRS transmission. Intra-slot frequency hopping is supported in NR Rel-15.
Observation3: intra-sub-frame frequency hopping for transmission of enhanced SRS can be considered.

Similar as in NR, antenna switching transmission of enhanced SRS can be efficiently supported with configuration of multiple SRS resources with single or multiple ports each depending on antenna switching capability. And, with 13 or 14 symbols potentially available for enhanced SRS transmission within a normal UL sub-frame, a full cycle of antenna switching within a sub-frame could be possible.
Observation4: it is possible for a UE to transmit enhanced SRS with antenna switching within a sub-frame.
3. Conclusion

In this contribution with discussed some of the issues on enhanced SRS for LTE in comparison with SRS in NR, we have following observations and a proposal:
Observation1: a UE can be configured with legacy and enhanced SRS within a sub-frame, the UE can transmit both legacy and enhanced SRS within a sub-frame if configured.

Observation2: SRS resource definition is useful for enhanced SRS in LTE.

Observation3: intra-sub-frame frequency hopping for transmission of enhanced SRS can be considered.

Observation4: it is possible for a UE to transmit enhanced SRS with antenna switching within a sub-frame.

Proposal: enhanced SRS can be configured on either 14 symbols or first 13 symbols of a normal UL sub-frame.
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