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1. Introduction
In RAN1 Meeting #94b [1], we made following agreements regarding SRS enhancement for increased capacity and coverage enhancement.
	
Agreement
Aperiodic SRS transmission for additional SRS symbol(s) is supported. FFS on periodic SRS transmission for additional SRS symbol(s).

Agreement
The time location of possible additional SRS symbols in one normal UL subframe for a cell is down-selected from following options (down-selection to be made in RAN1#95):
-   Option 1: All symbols in only one slot of one subframe can be used for SRS from cell perspective
-   Option 2: All symbols in one subframe can be used for SRS from cell perspective. 
-   FFS whether cell-specific configuration of SRS resources in slot-level granularity is required or not

Agreement
For a UE configured with additional SRS symbols within one UL subframe, the SRS transmission is down-selected from following options
-   Option 1: Frequency hopping within one UL subframe is supported.
-   Option 2: Repetition within one UL subframe is supported
-   Option 3: Both frequency hopping and repetition within one UL subframe is supported.
-   FFS the maximum number of SRS symbol within one subframe/slot that can be allocated to a UE.


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
Increased number of symbols in a SRS resource supports feature such as intra-slot frequency hopping, repeated transmission of RS that can enhance coverage via power boosting and aggregation of the received symbols respectively. 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 Frequency hopping and or repetition
In #94b [1], there was discussion if a UE configured with additional SRS symbols within one UL subframe should support 
-   Option 1: Frequency hopping within one UL subframe is supported.
-   Option 2: Repetition within one UL subframe is supported
-   Option 3: Both frequency hopping and repetition within one UL subframe is supported.
Although narrow band frequency hopping with power boosting can be used for coverage enhancement, it does not cover all use cases. For instance, a cell edge UE that is coverage limited despite power boosting, can achieve increased coverage with repetition. Hence we propose to use both frequency hopping and repetition within one UL subframe. 
Proposal 1: For a UE configured with additional SRS symbols within one UL subframe, the SRS transmission supports both frequency hopping and repetition within one UL subframe.
Proposal 2: The maximum number of SRS symbol within one subframe/slot that can be allocated to a UE is 7.
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 3: 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.
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 1: 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: For a UE configured with additional SRS symbols within one UL subframe, the SRS transmission supports both frequency hopping and repetition within one UL subframe.
Proposal 2: The maximum number of SRS symbol within one subframe/slot that can be allocated to a UE is 7.
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