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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we propose to fix the remaining issues of SRS for positioning for Rel-16 NR positioning work item, including
· Extending usage of Rel-15 SRS and other Rel-16 SRS for full NR positioning
· UE SRS transmission capability
· SRS collision with PUSCH

Discussion 
Extension of SRS
In RAN1#99, we agreed that Rel-15 SRS can be used for UL-RTOA, AoA, and SRS-RSRP measurement associated with NR positioning.
	Agreement:
Support reuse of Rel-15 SRS resource set for NR UL RTOA, AoA and gNB RSRP measurements for positioning in NR.
· Note: There is no impact to specifications managed by RAN1
· Note: There is no impact to specifications managed by RAN4 for UE requirements
· Note: No new UE behaviour is expected



There seems no reason to forbid the usage of Rel-15 SRS for gNB Rx – Tx time difference measurement, and when it comes to UE Rx – Tx time difference, the Tx time can be simply set to the Tx subframe boundary. If small delay CDD was in use by the UE for the purpose of e.g., full power transmission, it is up to UE whether or not to shift the Tx time with the applied delay. 
Also in Rel-16, some enhancements to SRS in MIMO regarding
· AP-SRS spatial relation and pathloss reference RS update via MAC CE
· SP-SRS pathloss reference RS update via MAC CE
· Simultaneous multiple CCs/BWPs SP/AP SRS resource Spatial Relation activation
· SRS with default beam and pathloss
· Downgraded configurations for SRS antenna switching
· UL full power transmission
can also be used for positioning.
Proposal 1: Support reuse of 
1. Rel-16 SRS resource/resource set in eMIMO WI for UL RTOA, AoA/ZoA, and SRS-RSRP measurement for positioning in NR
1. Rel-15 and Rel-16 SRS resource/resource set for gNB Rx – Tx time difference and UE Rx – Tx time difference for positioning in NR
1. Note: There is no impact to specification managed by RAN1
1. Note: There is no impact to specification managed by RAN4 for UE requirements
1. Note: No new UE behaviour is expected

Simultaneous SRS transmission
Currently, the SRS in NR has many usages, such as beam management, codebook transmission, non-codebook transmission, and antenna switching. And now a new IE is introduced for SRS for positioning in RRC signaling, which means that the SRS for positioning and an SRS for another usage are configured independently. In addition, the period of an SRS resource for positioning is reused from Rel-15. If the BS configures multiple usages for the UE, and each usage contains multiple SRS resource sets, the UE inevitably needs to send the multiple SRS resources simultaneously, just like resource set-1 and resource set-2 in Figure 1.
[image: ]
[bookmark: _Ref31969373]Figure 1 Simultaneous transmission for multiple SRS resources

If the concurrent transmission issue of multiple SRS resources is not restricted, when multiple SRS resources are simultaneously transmitted on the same symbol, the UE processing capability will be greatly challenged. The total processing resource used for SRS resource are limited, and is different for different usages. For example, SRS resources used for non-codebook transmission may occupy more processing resources than SRS resources used for positioning. The processing resources include computing resources such as sequence generation and precoding operations, and storage resources such as the number of register.
In addition, considering simultaneously transmitting SRS for other usages and SRS for positioning would have negative impact on the UL coverage of SRS for positioning, we have the following proposal.
Proposal 2: UE is not expected to transmit SRS for positioning and SRS for other usages on the same symbol.
In fact, when SRS is used for positioning, the UE can be configured with a maximum of 16 SRS resource sets, and each SRS resource set can be configured with a maximum of 16 SRS resources. The current specification does not explicitly state that the resources in these resource sets will not be allocated to same time domain location, just like resource set-2 and resource set-3 in Figure 1.
In Rel-15, there is a UE capability about the number of SRS resources on the symbol for non-codebook based SRS transmission. Similarly, we propose to add another UE capability of simultaneous transmission of SRS for positioning on a symbol
Proposal 3: Introduce a UE capability of number of simultaneous transmission of SRS resource for positioning on a symbol for a single CC and intra-band CA. The candidate number at least includes 2.

Number of SRS transmission in a slot
When multiple SRS resources are simultaneously transmitted on the same slot, the UE processing capability will be greatly challenged. The processing resources include computing resources such as sequence generation and precoding operations, and storage resources such as the number of registers. These processing resources are directly proportional to the number of SRS resources that need to be supported. In Rel-15, there is a UE capability regarding the number of periodic/SP/AP SRS resources in a slot. A similar capability should be introduced for SRS for positioning.
Proposal 4: Add a new UE capability for the number of SRS resources for positioning supported by UE across all SRS resource sets per BWP per slot.

Number of spatial relations
In Rel-15, there are UE capabilities related to number of spatial relations UE can maintain provided by spatialRelations [2] and by corresponding ASN.1 code [3].
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	spatialRelations
Indicates whether the UE supports spatial relations. The capability signalling comprises the following parameters.
-	maxNumberConfiguredSpatialRelations indicates the maximum number of configures spatial relations per CC for PUCCH and SRS. It is not applicable to FR1 and applicable to FR2 only. The UE is mandated to report 16 or higher values;
-	maxNumberActiveSpatialRelations indicates the maximum number of active spatial relations with regarding to PUCCH and SRS for PUSCH, per BWP per CC. It is not applicable to FR1 and applicable and mandatory to report for FR2 only;
-	additionalActiveSpatialRelationPUCCH indicates support of one additional active spatial relations for PUCCH. It is mandatory with capability signalling if maxNumberActiveSpatialRelations is set to 1;
-	maxNumberDL-RS-QCL-TypeD indicates the maximum number of downlink RS resources used for QCL type D in the active TCI states and active spatial relation information, which is optional.
	Band
	FD
	No
	FD



SpatialRelations ::=                    SEQUENCE {
    maxNumberConfiguredSpatialRelations     ENUMERATED {n4, n8, n16, n32, n64, n96},
    maxNumberActiveSpatialRelations         ENUMERATED {n1, n2, n4, n8, n14},
    additionalActiveSpatialRelationPUCCH    ENUMERATED {supported}                              OPTIONAL,
    maxNumberDL-RS-QCL-TypeD                ENUMERATED {n1, n2, n4, n8, n14}
}

The existing UE capability is related to the spatial relations on the serving cell. For NR positioning, the spatial relations can be for the neighbouring cells. Therefore, it is reasonable to introduce another UE capability of the active spatial relations toward neighbouring cells.
Proposal 5: Introduce a new capability of the maximum number of active spatial relations for the non-serving cells.

SRS collision with PUSCH
In Rel-15, there is no collision between SRS and PUSCH, because SRS is only transmitted after PUSCH in a slot, based on the Rel-15 specification [4].
When PUSCH and SRS are transmitted in the same slot, the UE may only be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS.
The text is updated in the Rel-16 specification due to the feature introduction of NR_IIOT-Core [5] [6].
If a UE is not configured with [intraUEPrioritization] and PUSCH and SRS are transmitted in the same slot on a serving cell, the UE may only be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS. 
If a UE is configured with [intraUEPrioritization] and a PUSCH transmission would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).
The following agreement made in RAN1#99 [1] does not affect the above behavior with the understanding that the term SRS in the current specification is generic which includes both SRS configured for MIMO and SRS for positioning.
	Agreement:
If the SRS for positioning collides with PUSCH, the SRS is dropped in the symbols where the collision occurs.
· Note: The phase continuity between transmitted symbols on either side of a transmission gap may not be maintained



The current specification is contradicting about collision between SRS for positioning and eMBB PUSCH data. See Table 1 below.
[bookmark: _Ref31784290]Table 1 SRS collision rules with PUSCH in current spec
	
	eMBB PUSCH
	URLLC PUSCH

	SRS configured by SRS-Resource
	Non-overlapping
	Can be overlapping.

	SRS for positioning
	Non-overlapping according to NR_IIOT-Core
Can be overlapping according to NR_Pos-Core
	Can be overlapping



Therefore, we propose to clarify the understanding for SRS and PUSCH collision as follows:
1. SRS for positioning can be configured to be overlapping with eMBB PUSCH, which means that 
12. UE may only be configured to transmit SRS configured by SRS-Resource after the transmission of the PUSCH and the corresponding DM-RS.
12. UE may be configured to transmit SRS configured by [SRS-Pos-Resource] that is overlapping with the PUSCH and the corresponding DM-RS
1. SRS for positioning can be configured to be overlapping with URLLC PUSCH (intra-UE).
[bookmark: _GoBack]Thus, we suggest to merge the UE behavior for multiplexing SRS and PUSCH for positioning and URLLC/IIoT together in the TP#1 provided below. The behavior is updated to Table 2.
[bookmark: _Ref31784670]Table 2 Proposed SRS collision rules with PUSCH 
	
	eMBB PUSCH
	URLLC PUSCH

	SRS configured by SRS-Resource
	Non-overlapping
	Can be overlapping.

	SRS for positioning
	Can be overlapping
	Can be overlapping



Proposal 6: Adopt the following TP for TS 38.214 Clause 6.2.1
============================= Unchanged part omitted ===========================
If a UE is not configured with [intraUEPrioritization] and PUSCH and SRS configured by SRS-Resource are transmitted in the same slot on a serving cell, the UE may only be configured to transmit the SRS after the transmission of the PUSCH and the corresponding DM-RS. 
If a UE is configured with [intraUEPrioritization] and a PUSCH transmission would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).
============================= Unchanged part omitted ===========================

Feature grouping
Framework
In our companion contribution, we proposed four subfeatures for NR positioning, each associated with a positioning method [7]. For UL positiong and mulit-RTT positioning, support of SRS for positioning may be needed. So we suggest to introduce another sub-feature.
Proposal 7: NR positioning feature should include the following sub-features.
	13d. SRS for positioning
	
	
	
	


Basic feature group and additional feature groups
For SRS for positioning, there should be a basic feature group that all UEs claiming support of SRS for positioning should support, which serves as the prerequisite of other feature groups, i.e., mandatory feature group. In our view, the basic feature group can include the following.
	13d. SRS for positioning
	13d-1
	Basic SRS for positioning
	FFS
	


Proposal 8: Under the feature of SRS for positioning, a basic feature group should be defined, which can be regarded as mandatory to support the feature, followed by additional optional feature groups.

[bookmark: _Ref129681832]Conclusions
In this contribution, we have provided our considerations on the remaining issues of SRS for NR positioning. Based on the discussion, we have the following proposals and observations.
Proposal 1: Support reuse of 
1. Rel-16 SRS resource/resource set in eMIMO WI for UL RTOA, AoA/ZoA, and SRS-RSRP measurement for positioning in NR
1. Rel-15 and Rel-16 SRS resource/resource set for gNB Rx – Tx time difference and UE Rx – Tx time difference for positioning in NR
1. Note: There is no impact to specification managed by RAN1
1. Note: There is no impact to specification managed by RAN4 for UE requirements
1. Note: No new UE behaviour is expected
Proposal 2: UE is not expected to transmit SRS for positioning and SRS for other usages on the same symbol.
Proposal 3: Introduce a UE capability of number of simultaneous transmission of SRS resource for positioning on a symbol for a single CC and intra-band CA. The candidate number at least includes 2.
Proposal 4: Add a new UE capability for the number of SRS resources for positioning supported by UE across all SRS resource sets per BWP per slot.
Proposal 5: Introduce a new capability of the maximum number of active spatial relations for the non-serving cells.
Proposal 6: Adopt the following TP for TS 38.214 Clause 6.2.1
============================= Unchanged part omitted ===========================
If a UE is not configured with [intraUEPrioritization] and PUSCH and SRS configured by SRS-Resource are transmitted in the same slot on a serving cell, the UE may only be configured to transmit the SRS after the transmission of the PUSCH and the corresponding DM-RS. 
If a UE is configured with [intraUEPrioritization] and a PUSCH transmission would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).
============================= Unchanged part omitted ===========================
Proposal 7: NR positioning feature should include the following sub-features.
	13d. SRS for positioning
	
	
	
	


Proposal 8: Under the feature of SRS for positioning, a basic feature group should be defined, which can be regarded as mandatory to support the feature, followed by additional optional feature groups.
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