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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
For NR UL positioning, RAN1 continues discussions on UL-PRS design based on Rel-15 SRS. In RAN1#97, several agreements and further discussions on SRS enhancement have been made [5]. RE pattern and resource allocation are outlined with additional comb structures, further details of the new comb structures and configurations should be defined. Also, for FR2, UL beam correspondence discussion is required accordingly, since its UL PRS transmission needs to steer to neighbor cells. Remaining discussions are summarized as the bullets and the outcomes from RAN1#97 are captured.
· Staggered pattern construction in a SRS resource 
· SRS RE comb pattern (comb-8) and cyclic shift
· SRS resource configuration and spatial relation
· Define new usage of Rel-16 SRS for positioning purpose.

	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)




We review further to discuss on each agreement in this contribution. It is agreed to implement a staggered pattern within a SRS resource. One staggered pattern is supposed to be allocated to one SRS antenna port, the one pattern of SRS can be used for a specific channel link. In other words, all REs of one SRS stagger pattern should have the identical channel characteristics with respect to {gain, delay spread, delay shift, doppler shift, doppler spread and spatial Rx parameter}. By the agreement, Rel-16 SRS supports both the bar-type and the stagger type SRS with spatial parameter.

Rel-16 SRS spatial Relation Information
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(a)                                   (b) 
Figure 1. Beam sweeping support with Rel-16 SRS allocation 

Beam indication is required for a staggering pattern transmission. As the bar type pattern, DL beam correspondence is a simple way to obtain beam correspondence for UL, but a UE may not measure the SSB/DL PRS of all the cells that want to try to receive it for UL positioning especially with all neighbour cells. Moreover, if LMF intends to make specific measurements through a further narrow beam (i.e. for AoA measurement case), DL beam correspondence needs additional CSI-RS resource configurations through RRC signalling, and the staggered pattern needs more symbols and takes longer time to exhaustively search beams. 
Rel-15 SRS spatial information is indicated by CSI-RS port indication. A UL beam correspondence is limited to a DL beam correspondence. The mechanism with SRS-spatialRelationInfo has been introduced as an optional field in Rel-15 with considering with a serving cell operation. It is network overhead to configure DL reference signals every time from all candidate neighbor cells. Therefore, this is one item that Rel-16 UL-PRS should improve. As a baseline in Rel-15, UL beam correspondence can be made by DL correspondence, or a UE can select a TX beam based on the gNB signaling. However, for UL positioning, it requires more advanced TX control mechanism is required to enable transmission toward target neighbor cells. We propose that RAN1 also studies a mechanism that UL-PRS can be transmitted without configuring DL spatial relation.
Observation 1: For UL measurement with neighbour cells, UL beam correspondence should not be limited by DL beam correspondence. 
Observation 2: UE TX beams steering methods for SRS transmission toward a target neighbour cell need to be considered without DL RX beam correspondence (i.e. SSB or CSI-RS) as well as with DL RX beam correspondence.
Number of SRS symbols and RE pattern
In the meeting, it was agreed that 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}. In case of 8-symbols, it is to support comb-8, while 12-symbols was agreed without agreeing comb-12. A question rises about 8, 12 consecutive symbol usecases. For example, the 12 symbols are configured by an SRS resource, however not only unable to support comb-12 structure, but also it cannot support multiple beam sweeping since SRS-spatialRelationInfo contain a single beam information in an SRS resource. One possible way may be put 3-repeation of 4-symbol SRS or 6-repeation of 2-symbol SRS, however it is unclear if it is meaningful without beam-sweeping during the repetition under the current spec.
8-symbol SRS with comb-8 structure may be wanted to be repeated. In this case, we wonder how to set the repetitions. A network may want to set such repetition using several SRS resources, and the starting symbol position is allowed already. A baseline will be a subframe gets one 8-symbol SRS from the boundary, or the repetition can be made with ignoring the boundaries. Since symbol number {8,12} are not matched with the subframe length, we wonder if the configuration as below is possible through clarification. 

Observation 3: SRS resources with consecutive OFDM symbols of 8 and 12 may require repetitions which cross the slot boundary. 





Cyclic shift in a staggering pattern

When a staggering pattern has been made for a SRS resource, CS shift is given per SRS port. Regarding the way of giving CS to a SRS port in the staggered symbol structure, Rel-16 SRS should be able to make continuous CS along the frequency domain as if it is comb-1. Let’s put the comb-N (i.e. N=4 in Figure 1-(b)) with SRS symbol [ s(0), s(1), s(2), …. s(N) ]. When taking , the sum-up signal is expected to have a continuous CS shift as if it is comb-1, otherwise further channel estimation or correlation processes are distorted. For an example in Figure 1–(b), the REs of the staggered patterns starts with the same CS setting (i.e. cyclic shift  for an antenna port in TS 38.211 6.4.1.4.2 ).
There can be two ways to implement it. One is to give CS offset in TX side at the starting RE of each column of the pattern, another alternatively way is that the RX gives phase rotation to the SRS REs to make the continuous phase rotation. Both ways are equivalent and possible, one key point for discussion is that RAN1 must clarify the TX and RX behavior about which side gives the CS offset.
Proposal 1:  Clarify TX and RX behaviors regarding cyclic shift in staggered SRS structures. Since RE allocation has a sliding RE offset, CS offset is required to estimate correct channels over the different symbols.
Comb-8 Support




[bookmark: _Hlk16504413]In Rel15, comb-2 with Max CS=8, comb-4 with Max CS=12 have been introduced ( if  and  if ). 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 2. CS and time period
Two usecases of CS can be considered, one is for SRS AP definition and another is UE multiplexing. Regarding the AP definitions, the max number of SRS AP is defined up to 4, anyway 4-CS values are selected to separate SRS APs. Only when considering a single UE, max CS 12 may not be useful because 12 CSs exceed enough to support 4 APs. When multiplexing multiple UEs in limited SRS resources, the Max CS 12 be useful depending on channel delay properties. Possible number of UE multiplexing has been presented in [6]
When searching the background of the legacy Rel-15 SRS CS supports, in fact, we are unlcear why these CS configurations were agreed in the previous release discussion, and even it seems not somewhat questionable configuration, since max-CS 12 of comb-4 is somehow higher than max-CS 8 of comb-2. We note that as LTE Rel-12, only comb-2 and Max-CS up to 8 was supported. At that moment, it was reported that max CS more than 8 will not support high enough orthogonality between SRS sequences. It may also be related with transceiver performance of timing synchronization as releases evolved. 
From Table 1~3, 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 max-CS=12 with comb-8, it appears TCS=86.81us, which is at least double time period of the indoor channel EPA delay spread 45ns. 
However, we note that this analysis is done with some of ideal assumptions. The timing of multiple UE multiplexing can be aligned with near-perfect control of time advance and time synchronization. When UL control induces much timing error, the measured performance can be much degraded. Also, max-CS 12 is already supported by SRS comb-4, importance of timing control should be taken into account in the system operations through synchronization and TA control.
Observation 4: Based on analysis of interference, up to max-CS 12 can be properly used for indoor usecase with comb-8.
Observation 5: max-CS 12 is already supported with SRS comb-4, proper timing control should be taken into account in system operations through synchronization and TA control.

Table 1 : OFDM symbol length and sampling rate in NR numerology
	Case
	u
	SC space
[KHz]
	BW
[MHz]
	Below6G/
Above6G
	FFT size
	Sampling frequency
[MHz]
	Sampling time rate [ns]
	OFDM Symbol Length [us] 
without CP
	OFDM Symbol Length [us] 
with normal CP

	1
	3
	120
	400
	A
	4096
	491.52
	2.03
	8.33
	8.919

	2
	2
	60
	200
	A
	4096
	245.76
	4.07
	16.67
	17.839

	3
	1
	30
	100
	B
	4096
	122.88
	8.14
	33.33
	35.677

	4
	0
	15
	50
	B
	4096
	61.44
	16.28
	66.67
	71.354



Table 2 : Possible CS TX time period (TCS) per comb and CS configuration.
	case
	us
	Comb=8
	Comb=12

	
	
	CS=8 [ns]
	CS=12 [ns]
	CS=16 [ns]
	CS=8 [ns]
	CS=12 [ns]
	CS=16 [ns]

	1
	8.33
	130.21
	86.81
	65.10
	86.81
	57.87
	43.40

	2
	16.67
	260.42
	173.61
	130.21
	173.61
	115.74
	86.81

	3
	33.33
	520.83
	347.22
	260.42
	347.22
	231.48
	173.61

	4
	66.67
	1041.67
	694.44
	520.83
	694.44
	462.96
	347.22



Table 3 : 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


If comparing SIR, we adopt a indoor scenario and multiplex UEs over different CS, and  where  is a serving RX power in a given CS period and  is an interfering signal in another CS period. If there is clear separation, then signals are orthogonal and SIR becomes infinite. When testing with EPA channel profile, comb-8 with max CS=12 shows marginal SIR performance ( SIR=7dB ) in Figure 3-(a).
[image: ][image: ]
(a) case 1 [OFDM symbol length = 8.33 us]         (b) case 2 [OFDM symbol length = 16.67 us]
[image: ][image: ]
(c) case 3 [OFDM symbol length = 33.33 us]         (d) case 4 [OFDM symbol length = 66.67us]
Figure 3 : SIR measurement in each NR numerology in Table-1 depending on Max CS and comb size.

Other Comb-N Support 






A large comb size helps multiplexing capacity, so comb-8 has been agreed for UL-PRS in the last meeting.  Overall, comb-6 seems good to fit in one RB, but it was rejected due to  in TS38.211, while comb-8 has been accepted. Under this statement, the cyclic shift size should be a number of 2n, other than that cannot be acceptable without changing the spec. TS38.211 states “the low-PAPR sequence  is defined by a cyclic shift  of a base sequence  according to  where  is the length of the sequence.”  If we want to support comb size 6 or 12, then the power should be changed fromto . However, since comb-8 is agreed, we don’t see good reason to additionally introduce comb-6. Due to the above reason, the next possible number is comb-16, but its time period gets too short. Usually, the large comb size will be configured in indoor usecases. Additionally in our previous contribution [6] we highlight why comb-12 is not necessary for UL-PRS.
Observation 6: Since comb-8 has been agreed, comb-6 support seems unnecessary as a duplicated usecase. 
Proposal 2: Do not support additional comb sizes for the SRS for positioning. 
Define a new usage of Rel-16 SRS for positioning
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 3: Define a new usage of Rel-16 SRS for positioning purpose. 
Conclusion
In this contribution, we continued to discuss about Rel-16 UL-PRS design and possible enhancement from Rel-15 SRS. We shared observations and proposals as below.
Observation 1: For UL measurement with neighbour cells, UL beam correspondence should not be limited by DL beam correspondence. 
Observation 2: UE TX beams steering methods for SRS transmission toward a target neighbour cell need to be considered without DL RX beam correspondence (i.e. SSB or CSI-RS) as well as with DL RX beam correspondence.
Observation 3: SRS resources with consecutive OFDM symbols of 8 and 12 may require repetitions which cross the slot boundary. 
Proposal 1:  Clarify TX and RX behaviors regarding cyclic shift in staggered SRS structures. Since RE allocation has a sliding RE offset, CS offset is required to estimate correct channels over the different symbols.
Observation 4: Based on analysis of interference, up to max-CS 12 can be properly used for indoor usecase with comb-8.
Observation 5: max-CS 12 is already supported with SRS comb-4, proper timing control should be taken into account in system operations through synchronization and TA control.
Observation 6: Since comb-8 has been agreed, comb-6 support seems unnecessary as a duplicated usecase. 
Proposal 2: Do not support additional comb sizes for the SRS for positioning. 
Proposal 3: Define a new usage of Rel-16 SRS for positioning purpose. 
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