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1. Introduction
In RAN Meeting #80 [1] the following work item was approved with respect to SRS enhancement for increased capacity and coverage to further improve network performance. In RAN1 Meeting #94 [2], we made following agreements regarding this work item.
	
The work item aims to specify the enhancements identified for further improving network performance. The detailed objectives are as follows.

· 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

Agreement
The work for additional SRS symbols in this WI should consider the following scenarios
· TDD for non-CA
· TDD only CA
· FDD-TDD CA
RAN1 will strive for a common framework for all scenarios
Agreement
The time location of possible additional SRS symbols in one normal UL subframe for a cell include the following 
· Option 1: All symbols in one slot can be used for SRS from cell perspective
· E.g., The other slot in the subframe may be used for PUSCH transmission for sTTI-capable UE.
· Option 2: All symbols in one subframe can be used for SRS from cell perspective
· Option 3: A subset of symbols in one slot can be used for SRS from cell perspective
· E.g., The other slot in the subframe may be used for PUSCH transmission for sTTI-capable UE.
· Other options are not precluded
· FFS whether it has spec impacts or not for cell-specific configuration




In this contribution we provide design details for supporting enhanced multi-symbol SRS resource with more than one symbol in a normal UL sub-frame. 
2. Multi-symbol SRS enhancement for coverage and capacity
In LTE sounding reference signal (SRS) has been hugely helpful in improving network performance by enabling uplink frequency selective scheduling as well as providing performance improvements for DL MIMO, especially in TDD. Although SRS has been enhanced in previous releases, e.g., SRS coverage enhancement in Release 14 FeMTC, Release 14 SRS carrier based switching, further improvement is still needed. Firstly, SRS coverage enhancement is typically implemented in special subframe, which restricts the number of supportable UEs that require SRS coverage enhancement. As a result the work item specified to introduce more than one symbol for SRS for one UE or for multiple UEs on a UL normal subframe. 
Increased number of symbols in a SRS resource supports feature such as repeated transmission of RS that can enhance coverage via aggregation of the received symbols. Further, supporting enhanced (more than one symbol resource) SRS resource in a normal subframe that unlike `special subframes’ does not have scheduling restrictions, increases the SRS opportunity thus increasing the number of supportable UEs that require SRS coverage enhancement.
2.1 Enhanced SRS resource support
Although work item specifies the use of normal UL subframes for supporting enhanced SRS resource with more than one symbol, it also limits the options by noting that the enhancements on PUCCH and PUSCH are not in scope. Considering these guidelines, following two alternatives are possible:
2.1.1 Dedicated SRS subframe
One of the main issues of excluding PUSCH enhancement from scope of work item is that if any UE is scheduled for data in an UL subframe it only performs rate matching on the last symbol of an SRS subframe. This limits the possibility of including any data symbols in the subframe for SRS enhancement. The other possible option is to use the DMRS symbols for multiplexing SRS. However, considering that the main motivation for increasing the number of SRS symbols in a resource is to support aggregation of received signal via repetition in transmission, it is desirable that SRS symbols in a resource are adjacent. Hence, we propose using a subframe solely for SRS transmission, i.e., no PUSCH in enhanced SRS subframes. This does not impact Rel-15 legacy UE’s as they are not scheduled and the modification is transparent to their functioning. 
2.1.2 Sub-slot based SRS 
Dedicated SRS sub-frames do solve the SRS coverage and capacity enhancement issue but are not most efficient solution for the purpose. Another alternative in a network that supports short TTI based sub-slot frame structure is to use dedicated sub-slots for SRS. For instance, in LTE Rel-15 [2], we have the following subslot configuration for frame structure type-1 used for FDD. For FDD, 10 subframes, 20 slots, or up to 60 subslots are available for uplink transmissions in each 10 ms interval.

Table 4.1-1: SC-FDMA symbols in different subslots of subframe i
	Subslot number
	0
	1
	2
	3
	4
	5

	Slot number
	2i
	2i+1

	Uplink subslot pattern
	0, 1, 2 
	3, 4
	5, 6
	0, 1
	2, 3
	4, 5, 6



Each sub-slot or slot is a TTI and can be configured to a UE for data transmission. We can use this framework to design enhanced support for SRS, where more than one SRS resource is scheduled in a subframe and each SRS resource can contain one or more symbols for possible repetition for coverage enhancement. The design can be transparent to the legacy Rel-15 UE’s which can be scheduled for data transmission on sub-slots not used for SRS. Thus improving the resource usage as compared to the dedicated SRS subframes. 
Thus, 
Proposal 1: consider following options for supporting multi-symbol SRS for Rel-16:
	1. TDD: Dedicated sub-frame and or a slot.
2. FDD: Dedicated sub-frame and or a sub-slot.
This does not preclude multiplexing Rel-15 SRS opportunities in the same subframe.
Proposal 2: Last symbol of the dedicated UL sub-frame or a slot supporting multi-symbol Rel-16 SRS resource can be used for Rel-15 SRS transmission, if desired by gNB.
2.1.3 Cell-specific resource allocation
One of the main purposes of cell-specific SRS configurations is to make all UE’s within a cell aware of potential SRS resource transmission opportunity, so that PUSCH can be rate matched appropriately. In the work item for SRS enhancement for Rel-16, PUSCH enhancement is not in scope. As a consequence, the rate-matching functionality is inconsequential for Rel-16 multi-symbol SRS enhancement. Hence for more efficient resource usage, only UE specific configurations are sufficient. 
Observation 3: There seems to be no need to specify cell-specific configuration parameters for multi-symbol enhanced Rel-16 SRS resource.

2.1.4 Compatibility with legacy framework
Legacy SRS and enhanced SRS can be independently configured for a UE, and a UE can transmit both legacy and enhanced SRS (if needed). New RRC parameters need to be defined for specifying configuration and signalling details for new multi-symbol Rel-16 SRS resource. 

3. Conclusion
We provided following proposals and observations in regard to multi-symbol Rel-16 SRS enhancement 

Proposal 1: consider following options for supporting multi-symbol SRS for Rel-16:
	1. TDD: Dedicated sub-frame and or a slot.
2. FDD: Dedicated sub-frame and or a sub-slot.
[bookmark: _GoBack]Proposal 2: Last symbol of the dedicated UL sub-frame or a slot supporting multi-symbol Rel-16 SRS resource can be used for Rel-15 SRS transmission, if desired by gNB.
Observation 3: There seems to be no need to specify cell-specific configuration parameters for multi-symbol Rel-16 SRS resource.
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