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Introduction
[bookmark: _Hlk510705081]As part of the WID [1], RAN1 has the following objective related to reference signals for NR positioning:
Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
This contribution presents Nokia’s view on the uplink reference signal design for NR positioning. For Nokia’s view on the downlink reference signal design for NR positioning see [2]. In addition, see our companion contributions [3] and [4] for our views on UE/gNB measurements and physical layer procedures for NR positioning respectively. 
Discussion
[bookmark: _Hlk20831536]For Rel-16 UL positioning, RAN1 is discussing reference signal RE pattern and resource allocation with agreements. There remain core issues in the SRS design to improve UL positioning performances. In this contribution, we continue to discuss Rel-15 SRS design and issues rising in the previous discussions. Possible enhancement points should be further clarified in this meeting. 
The box below captures the agreements so far, that enable comb-8 structures and extension of the number of SRS symbols to 12. Needs of comb-8 were discussed to enhance SRS resource capacity for UE multiplexing. The other options like comb-12 turned out negative because of Rel-15 spec impact. We may need to consider that the current UE multiplexing capacity is enough to support NR positioning features. 
	RAN1#97 agreements
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)

RAN1#98 agreements
Agreement:
· The RE pattern of an SRS resource for positioning is configured with a comb offset for the first symbol in an SRS resource. 
· [bookmark: _Hlk21008438]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



In the last meeting, RAN1 concluded ‘no additional comb sizes and ‘no additional number of symbols per SRS resource’, therefore we narrow down SRS configurations within the given scope. The other agreements are about comb-offset configuration on the first symbol and the following symbols in an SRS resources, but this seems not enough to identify Rel-16 SRS RE patterns. We further discuss from these agreements.
SRS mutliplexing capacity enhancement
UL UE multiplexing to transmit SRS is possible in several ways. Firstly, orthogonal multiplexing can be considered with comb RE offset and OFDM symbols, and this part has bee concluded with no more new number from the last meeting. Although RAN1 has an agreement extending to comb-8, in our view it seems not dramatically improve the multiplexing capacity only with the comb extension. Next, semi-orthogonal multiplexing can be considered with CS multiplexing and SRS sequence, which may inevitably accept certain level or interferences.
· Orthogonal multiplexing with RE-offset and OFDM symbols
· CS multiplexing (as semi-orthogonal multiplexing)
· Sequence multiplexing (as semi-orthogonal multiplexing)
There were a few suggestions from a few companies to extend SRS ID bits from 10bits to 16bits. SRS support sequence hopping, it helps spreading interference across different sequences. However, DCI spec impact is significant. Although it does not make the gold sequence generation procedure in TS38.211, but the cost of increased 6 DCI-bits is essential. 
Another options to mitigate interference is CS multiplexing. We further discuss it in the below, several companies proposed 6 with comb-8 in the last meeting, this is also due to considering the spec impact limitation. For example, if setting 12 for comb-8, it requires PRB-bundling size to 8RBs from 4RBs. For positioning purpose, such a narrow 4-RB allocation will not be enough, 8-RB granularity can be considered in a wide band. Since comb-8 structures make sparse RE allocation, it can be also a justification of a wide band allocation for timing estimation.
Rel-15 SRS design may be good enough for UE multiplexing in a serving cell, but Rel-16 SRS needs improvement for NR positioning where several cells cooperate with receiving SRS from UEs to neighbor cells in a coverage area. Therefore, the suggested SRS multiplexing methods are needed to cover more large scopes of usecases depending on situations.
Our point is that RAN1 should reasonably consider spec impacts for the multiplexing improvements, since both of the semi-orthogonal ways make spec impacts and resource allocation issues. RAN1 may select both or one of CS multiplexing and sequence multiplexing improvements.
Observation 1: Both large CS multiplexing and sequence multiplexing can achieve the SRS multiplexing capacity improvement with interference mitigation as semi-orthogonal multiplexing ways.
Comb-8 CS support




[bookmark: _Hlk16504413]In Rel15,  if  and  if  have been introduced. Since comb-8 has been agreed, further detail configurations of comb-8 support should be defined. One of the details is about CS size for comb-8. A cyclic time shift is equivalent to applying a phase ramp in the frequency domain. If an OFDM symbol duration is T and the channel impulse response duration is less than TCS in Figure 2. If comb-1 is configured, T=OFDM symbol size. If comb-2 is configured, T=a half of OFDM symbol size, basically, the comb-N size split over the TX period of CS, TCS by factor of N.


Figure 1. CS and TDM multiplexing
From Table 1, we analyse max-CS and TX time period in each NR numerology. NR provides multiple setting of OFDM symbol lengths, the short OFDM symbol (u=3) support mini-slots or indoor usecases. Therefore the worst case of the CS multiplexing will be u=3 case. When setting 12 with comb-8, it appears TCS=86.81us, which is at least double time period of the indoor channel EPA delay spread 45ns. The timing of multiple UE multiplexing can be aligned with reasonable control of time advance and time synchronization. 
Observation 2: Based on analysis of interference, 12 can be properly used for indoor usecase with comb-8.
Proposal 1: consider comb-8 with a large  12 with PRB-bundling size extension for multiplexing purpose.
This also requires PRB-bundling size to 8RBs, which is possible to extend it in practical usecases. It makes also changes of the minimum PRB-bundling size in the spec, but this is a scheduling issue. In the most of usecases, SRS RBs will be larger than 4-PRB bundling in Rel-16 SRS. For positioning purpose, such a narrow 4-RB allocation will not be common, 8-RB granularity can be considered in a wider band. Since comb-8 structures make sparse RE allocation, it can be also a justification of a wide band allocation for timing estimation. 
Table 1 : Possible CS TX time period (TCS) per comb and CS configuration.
	case
	us
	Comb=8

	
	
	CS=6 [ns]
	CS=12 [ns]
	CS=16 [ns]

	1
	8.33
	173.61
	86.81
	65.10

	2
	16.67
	347.23
	173.61
	130.21

	3
	33.33
	694.44
	347.22
	260.42

	4
	66.67
	1388.89
	694.44
	520.83



Table 2 : 3GPP channel model delay characteristics 
	 
	 
	Max dealy
	Delay RMS

	3GPP
	EPA
	410 ns
	45 ns

	
	EVA
	2510 ns
	357 ns

	
	ETU
	5000 ns
	991 ns



SRS symbols pattern candidates
Regarding the SRS symbol pattern, RAN1 has made a few fundamental agreements such as a staggered pattern with different combs, however it still needs further discussions to specify exact pattern types. There were several proposals until the last meeting, and as we reviewed, they fall in patterns 
· Staggered RE pattern with comb allocation ( Figure 2 - (a) and (b) )
· Bar-type RE pattern with symbol repetition (Figure 2 - (c) )
· Paritial staggered RE pattern with bar-type allocation ( Figure 3 – (a) )
· Non-stair-type SRS configuration with comb allocation ( Figure 4 )

Based on this pattern discussion, we can further specify SRS pattern configuration parameters like a repetition factor, a configurable number of consecutive symbols for a pattern etc.
A minimum unit of an SRS pattern configuration is a SRS resource, so we discussion any possibility that is possible to configure in a SRS resource configuration. Maybe, for further more patterns, more number of SRS resource configurations still possible, but we focus on patterns configurable by a SRS resource configuration. 




  
(a)     						 (b)		      			(c)
Figure 2: Staggered RE pattern with relative RE offsets=1 (a) and relative RE offsets=2 (b), and Bar-type RE pattern with symbol repetition (c)
From Figure 2, all pattern should be configurable by an SRS resource. An SRS resource configuration indicates parameters in the examples
	Examples
	Figure 2-(a)
	Figure 2-(b)
	Figure 2-(c)

	start of SRS symbol [0..13]
	4
	4
	4

	comb-N ( KTC )
	4
	4
	4

	a number of SRS symbol ()
	4
	2
	4

	RE offset in the initial symbol
	0
	0
	0

	RE offset in following symbols
	1
	2
	0



Based on the agreement “the relative RE offsets of following symbols are defined relative to the comb offset of the first symbol in the SRS resource”, the staggering pattern with RE-offset > 1 in following symbols can be supported, we assume a parameter of the relative RE offsets of following symbols will be available in Rel-16 SRS configuration.
Proposal 2: Staggered RE pattern with comb allocation is supported for comb-2,4 and 8 with a RE offset of the first symbols and relative RE offset of following symbols that are possible to be defined as below.
    For comb-2, relative RE offset of following symbol=1.
    For comb-4, relative RE offset of following symbol=1 or 2.
    For comb-8, relative RE offset of following symbol=1, 2 or 4.
Proposal 3: A staggered RE location in frequency domain per a symbol is derived from a RE offset of the first symbols , a relative RE offset of following symbols and a SRS symbol index from the first SRS symbol.
   - The number of SRS symbols is given in a SRS resource to complete a staggered pattern accordingly.
In a case of a single pattern assingment, the proposal 2,3 can make a one-to-one RE mapping. On the top of Figure-2, a repetition factor can be configured. Here one difference from Rel-15 is about the staggered pattern. If applying a repetition based on the patterns of Figure 2, there are two possible ways of repetitions. When applying repetition factor=2 to Figure 2-(a), we see two ways illustrated in Figure-3. In our view, the two figures (a) and (b) in Figure-3 have identical results when the symbols are consolidated. Therefore we assume one of each (a) or (b) will be enough to support the repetition. Also so it does between (c) and (d) in Figure 3. We slightly prefer to make a pattern like (b) or (d), since we can assume further usages of beam sweeping on the pattern, if ‘spatialrelation’ support the sweeping in a SRS resource.  
Proposal 4: Discuss symbol repetition ways with staggering patterns. Options are (i) each symbol repetition or (ii) a pattern repetition. 
Proposal 5: Select only one of the repetition options, unless specific usages are identified which necessitate both. 



(a)                  (b)



   (c)                  (d)
Figure 3 : Staggered RE pattern with repetition : (a),(b) each two possible cases with KTC=4, R=2, relative RE offset=1, and (c), (d) each two possible cases with KTC=4, R=4, relative RE offset=2
Also, it is interesting to introduce non-stair-type SRS configuration. We see a benefit from this kind of RE shift as Figure 3. It will be helpful for the case of a UE in a high mobility scenario where the receiver may want to perform coherent combining only across a subset of OFDM symbols due to faster decorrelation. One drawback is a configuration difficulty. 
From the agreement “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,”, we assume a kind of a vector type of RE location determination derived from the parameters, and the mapping should be determined by one-to-one.
A concern is caused in a situation that mixes up with UEs using a stair-pattern (Figure 2) and UEs using a non-stair pattern (Figure 4). The comb allocation should make orthogonal resource allocation. However, when they mix up, the orthogonality will be broken due to RE collision in certain symbols. Therefore, as a network vender, we think that it is not ideal to support both in a deployment, in that sense, the usecase will be limited in UL cases. It would be ideal from network prespective if UEs only support one type of SRS staggered pattern to avoid further complication in the scheduling of SRS for positioning.  
Observation 3: Although we see some benefits from non-stair-type SRS configuration, a concern is caused in a situation that mixes up with UEs using a stair-patterns and UEs using non-stair patterns. When they mix up in a deployment, the resource orthogonality will be broken due to RE collision in certain symbols, in that sense, the usecase will be limited in UL cases.
[image: ][image: ]
Figure 4 : Non-stair-type SRS configuration
UL SRS signalling introduction
In the email reflector discussion, “list of higher layer parameters for NR positioning” has been shared. Regarding UL configurations, parameters related to UL SRS configuration/measurements are listed in the table. It seems new and not existed in a LTE routine of signalling if all descriptions are captured correctly.
For the RAN RRC signal, it is unknown what SRS measurement configuration is required at a RRC level. It is good to further clarify the contents.
[bookmark: _GoBack]Observation 4: In the email reflector discussion, “list of higher layer parameters for NR positioning,” it is an unknown  SRS measurement configuration is listed. This needs clarification.
	[bookmark: _Hlk20856352][bookmark: _Hlk20856383]NR UL PRS/SRS Measurement Configuration
	FFS in RAN1
	New 
	FFS in RAN1
	FFS in RAN1 whether and how it is defined if introduced. Details TBD. Motivation is to request gNB to conduct measurements and report results of measurements based on UL PRS processing.
	FFS for RAN2 WG
	FFS for RAN2 WG

	
	UL-PRS-MeasurementReportConfig
	
	UL-PRS-MeasurementReportConfig
	
	
	(38.331, 36.355, 37.355, etc)



New usage of Rel-16 SRS for positioning purpose
From the discussions and observations, we can identify specific SRS configurations for positioning purpose. We discuss about SRS resource allocation, TA, TPC and beamforming, and these features are required only for positioning, but not for sounding. Rel-15 SRS has been defined for sounding and UL CSI purpose, of which configurations are differentiated from positioning purpose. In conclusion, NR positioning reference signal can be designed based on Rel-15 SRS framework, but NR positioning SRS has specific purposes, configurations and TX behaviours. Therefore, a network should be able to configure Rel-16 positioning SRS configurations separately from Rel-15 SRS configurations. 
Proposal 6: Define a new usage of Rel-16 SRS for positioning purpose. 
Conclusion
In this contribution we make the following proposals and observations:

Observation 1: Both large CS multiplexing and sequence multiplexing can achieve the SRS multiplexing capacity improvement with interference mitigation as semi-orthogonal multiplexing ways. 
Observation 2: Based on analysis of interference, 12 can be properly used for indoor usecase with comb-8.
Proposal 1: consider comb-8 with a large  12 with PRB-bundling size extension for multiplexing purpose.
Proposal 2: Staggered RE pattern with comb allocation is supported for comb-2,4 and 8 with a RE offset of the first symbols and relative RE offset of following symbols that are possible to be defined as below.
    For comb-2, relative RE offset of following symbol=1.
    For comb-4, relative RE offset of following symbol=1 or 2.
    For comb-8, relative RE offset of following symbol=1, 2 or 4.
Proposal 3: A staggered RE location in frequency domain per a symbol is derived from a RE offset of the first symbols , a relative RE offset of following symbols and a SRS symbol index from the first SRS symbol.
   - The number of SRS symbols is given in a SRS resource to complete a staggered pattern accordingly.
Proposal 4: Discuss symbol repetition ways with staggering patterns. Options are (i) each symbol repetition or (ii) a pattern repetition. 
Proposal 5: Select only one of the repetition options, unless specific usages are identified which necessitate both. 
Observation 3: Although we see some benefits from non-stair-type SRS configuration, a concern is caused in a situation that mixes up with UEs using a stair-patterns and UEs using non-stair patterns. When they mix up in a deployment, the resource orthogonality will be broken due to RE collision in certain symbols, in that sense, the usecase will be limited in UL cases.
Observation 4: In the email reflector discussion, “list of higher layer parameters for NR positioning,” it is an unknown  SRS measurement configuration is listed. This needs clarification.
Proposal 6: Define a new usage of Rel-16 SRS for positioning purpose. 
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