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Introduction
 In RAN1 #98b meeting, parameters and measurements needed DL and UL only positioning techniques were discussed. The agreements made during the study item phase related to UL PRS were captured in TR 38.855 [2]. In Section 2, proposals related to UL PRS designs and UE behavior for sending PRS are described. The contribution is summarized in Section 3.
RS design for UL positioning
Slots and SRS pattern configurations
Similar to the DL PRS setting [3], one SRS resource should support staggered patterns to reduce overhead. In RAN1#98b, the following agreement was made:

	Agreement:
An SRS resource for positioning can contain multiple symbols with the same comb offset when the comb size is less than the number of symbols in the SRS resource. Select at least one of the following options
· Option 1: with G consecutive Res. FFS total number of symbols with respect to comb size
· Option 2: with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size
· Note: This does not preclude partial or full staggering which needs to be further discussed



While Option 1 allows placement of SRS with the same comb offset in consecutive number of symbols Option 2 allows staggered patterns with cyclic repetition. Considering placement of SRS in the frequency domain which can be robust against frequency selectivity, Option 2 is more desirable, while Option 1 may offer better sounding performance via averaging. To guarantee robust positioning performance in frequency selective channels, we have the following proposal. 

Proposal 1: When an SRS resource for positioning contains multiple symbols with the same comb offset when the comb size is less than the number of symbols in the SRS resource, support option 2, “with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size”.

Based on the above proposal, we make the following proposals for the offset pattern for SRS for positioning. The proposed patterns are chosen from the list of candidates agreed in RAN1#98b and the selected patterns are indicated in red fonts. For comb size 4, the pattern {0,2,1,3} is chosen to maximize the distance between SRS REs in adjacent SRS symbols. The similar approach is taken for the RE offset pattern for comb size 8.

Proposal 2 : Support the RE offset combinations shown in Table 1

Table 1 Comb offsets for number of symbols and comb size
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	
{0}
	{0, 1}
	{0, 1, 0, 1} 
	 N/A
	N/A

	4
	N/A
	{0, 2}
	{0,2,1,3} 

	{0,2,1,3, 0,2,1,3}
	{0,2,1,3, 0,2,1,3, 0,2,1,3}

	8
	N/A
	N/A
	N/A
	{0,4,2,6,1,5,3,7} 
	N/A



Multiplexing SRS with other channels
For Uplink based positioning, SRS designs must be optimized to improve sounding accuracy. In a factory environment, multiple TRPs (transmission reception points) may be deployed and SRS sent from IoT devices must be received securely by multiple TRPs. Thus, to increase reception reliability there is a need to increase the number of SRS symbols from the current Rel. 15 SRS framework.
 In RAN1#97, the number of SRS symbols used for positioning was discussed. Currently, in Rel. 15, up to 4 NR SRS symbols can be placed in the last 6 symbols in a slot. In RAN1#97, due to the need for frequent sounding for NR-U, up to 14 symbols was agreed to be used for Rel. 16 SRS. For NR positioning, it is possible to place SRS symbols anywhere in a slot. To increase coverage of SRS for positioning in FR2, the number of consecutive SRS symbols can be increased up to 12. Thus, the degree of freedom in the placement of SRS symbols in a slot and the maximum number of SRS symbols create an environment in which multiplexing with other channels is challenging.
In this section, to improve positioning accuracy to minimize interference for UTDOA, a slot dedicated for SRS positioning is proposed. For example, in the slot dedicated for positioning, UE configured with SRS symbols should not expect to receive other channels in the corresponding slot. Such configuration is useful when multiple UE devices such as sensors are configured to position themselves jointly. In such a case, configuration of periods dedicated for positioning will be useful in applications where locations of devices must be updated periodically and jointly. Thus, we make the following proposals.

Proposal 3: A slot or multiple slots dedicated for positioning are supported for NR positioning, i.e., UE is not expected to receive other channels in the slot dedicated for positioning

 As described earlier, having up to 12 symbols will lead to a slot dedicated for positioning. In Rel. 15 NR, prioritization rules between SRS and PUCCH are specified in TS 38.214 [5]. Similarly, prioritization rules between SRS for positioning and PUCCH should be discussed in NR positioning. Prioritization rules between SRS and PUCCH are considered when SRS and PUCCH are scheduled on overlapping symbols. Such mechanism is implemented to allow scheduling flexibility. Whether to extend the rules specified in TS 38.214 for SRS with 8 or 12 consecutive symbols should be discussed. 
As mentioned in the previous proposals, UE should not expect that SRS and other channels are not placed in the same slot at least for SRS configured with 12 symbols. Thus, the following proposals are made.

Proposal 4 : For SRS for positioning up to four symbols that is placed in the last six symbols in a slot, the prioritization rules between short PUCCH and SRS should be applied to SRS for positioning 

Proposal 5 : When 12 symbols are configured for SRS for positioning, the corresponding slot should be dedicated for positioning, i.e., UE is not expected to receive other channels in the slot dedicated for positioning

Conclusion 
In this contribution we made the following proposals related to density and configuration for SRS for positioning.

Proposal 1: When an SRS resource for positioning contains multiple symbols with the same comb offset when the comb size is less than the number of symbols in the SRS resource, support option 2, “with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size”.

Proposal 2 : Support the RE offset combinations shown in Table 1

Proposal 3: A slot or multiple slots dedicated for positioning are supported for NR positioning, i.e., UE is not expected to receive other channels in the slot dedicated for positioning

Proposal 4 : For SRS for positioning up to four symbols that is placed in the last six symbols in a slot, the prioritization rules between short PUCCH and SRS should be applied to SRS for positioning 

Proposal 5 : When 12 symbols are configured for SRS for positioning, the corresponding slot should be dedicated for positioning, i.e., UE is not expected to receive other channels in the slot dedicated for positioning
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Appendix : Agreements from the past meetings

	Agreement:
Support the following configurations of SRS for positioning
· Semi-persistent configuration
· Periodic configuration
· Aperiodic configuration

Agreement:
For positioning, regarding the number of SRS symbols per resource, decide by RAN1#97 whether to increase the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4}. 
· If it is not decided to increase the number of SRS symbols per resource by RAN1#97, increasing the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4} will not be considered further after RAN1#97.

Agreement:
For positioning, regarding the possible SRS symbol locations per slot decide by RAN1#97 whether the SRS can be configured only in the last N symbols of a slot with N>6 
· If the above decision is not made by RAN1#97, configuring SRS only in the last N symbols of a slot with N>6 will not be discussed further after RAN1#97.

Agreement:
Select one or both of the following options to support staggered SRS transmissions for UL SRS positioning
· Staggered patterns (a collection of SRS symbols from the same antenna port with different offsets for at least some symbols) in a single SRS resource
· Configuration of the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set.

Agreement:
SRS transmissions for positioning are realized with staggered patterns (a collection of SRS symbols from the same antenna port with different offsets for at least some symbols) in a single SRS resource
· FFS: construction of the pattern inside the SRS resource structure

Agreement:
For positioning, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}
· FFS: Other values including 3,6,14
· Note: Values of 1, 2 and 4 within an SRS resource can already be configured in Rel-15

Agreement:
For positioning, starting positions in the time domain for the SRS resource can be anywhere in the slot, i.e. an offset loffset  range of {0,1,…,13}.

Agreement:
For positioning, with regard to UL Beam management/alignment towards serving and neighbouring cells, at least the following (option 2 from prior agreement) can be used:
· UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources
· FFS: other options

Agreement:
For positioning, the SRS comb size set is extended from {2,4} to {2,4,8}
· FFS: Additional comb sizes: 1, 6, 12
· Note: For the comb sizes of 6 and 12, the number of PRBs may be restricted if currently defined sequences are to be used
· FFS: Maximum number of cyclic shifts for the different comb sizes (cyclic shifts for comb sizes of 2 and 4 already exist in Rel-15)

Agreement:
· The RE pattern of an SRS resource for positioning is configured with a comb offset for the first symbol in an SRS resource. 
· The relative RE offsets of following symbols are defined relative to the comb offset of the first symbol in the SRS resource. 
· A relative RE offset of each of the following symbols is derived from the configured number of symbols for an SRS resource, the comb size for the SRS resource and the SRS symbol index within the SRS resource.
· FFS: The use of the following for deriving the relative offset in addition to the above
· A configurable number of consecutive symbols with the same offset
· Repetition factor
· No additional parameters will be considered

Conclusion:
No additional comb sizes for SRS for positioning purposes will be introduced in Rel-16 beyond those already agreed.

Conclusion:
No additional number of symbols per SRS resource other than the values already agreed is supported

Agreement:
An SRS resource for positioning can contain multiple symbols with the same comb offset when the comb size is less than the number of symbols in the SRS resource. Select at least one of the following options
· Option 1: with G consecutive Res. FFS total number of symbols with respect to comb size
· Option 2: with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size
· Note: This does not preclude partial or full staggering which needs to be further discussed

Agreement:
The supported relative RE offsets for combinations of the number of symbols (1,2,4,8,12) and comb sizes (2,4,8) for SRS are given in the table below. At least one pattern for each pair are to be selected from the following options:

Agreement:
· SRS for positioning supports semi persistent configuration with MAC CE activation/deactivation, with SRS for positioning to be received at the serving cell and neighbor cell
· The aperiodic SRS for positioning is triggered by a DCI
· There is no impact to Rel-15 DCI (reuse the triggers in place in rel-15)
· The support of the reception of aperiodic SRS for positioning by the neighbor cell, is up to decision by RAN2 and RAN3 working groups

Agreement:
For UL SRS for positioning configured with comb size 8, the number of cyclic shifts is 6





