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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 has been discussing reference signal RE pattern and resource allocation. There are remaining issues in the SRS design to improve UL positioning performances. In this contribution, we continue to discuss Rel-15 SRS design and issues rising from the previous discussions. Possible enhancement points and the remaining issues will be further discussed in this contribution.
SRS Allocation Pattern
Regarding the SRS symbol pattern, RAN1 has made a few fundamental agreements such as a staggered pattern with different combs. In the last meeting, overall patterns have been agreed with options, however it still needs further discussion to specify exact pattern types. The candidate patterns are narrowed down with several options as below.
	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:
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	
{0}
	{0, 1}
	FFS: {0, 1, 0, 1} and/or {0, 0, 1, 1}
	 N/A
	N/A

	4
	N/A
	{0, 2}
	FFS: {0,2,1,3} and/or {0,1,2,3}
and or {0,2,3,1}
	FFS: {0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3}
and/or {0,0,1,1,2,2,3,3}
	FFS: {0,2,1,3, 0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3,0,1,2,3}
and/or {0,0,0,1,1,1,2,2,2,3,3,3}

	8
	N/A
	N/A
	N/A
	FFS: {0,4,2,6,1,5,3,7} 
and/or {0,4,1,5,2,6,3,7}
and/or {0,1,2,3,4,5,6,7} 
and/or {0,4,6,2,5,7,3,1}

	N/A







Basic patterns are listed with options, but further selection is required. One difference from Rel-15 is about the staggered pattern. Two possible ways of repetitions are given as option 1: with G consecutive Res. FFS total number of symbols with respect to comb size, and option 2: with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size.
Regarding the multiple symbols with the same comb offset, we prefer option-2. First, option-2 makes RE patterns by reusing Rel-15 SRS resource configurations. The number of cyclic repetition and the pattern can be calculated by the total number of SRS symbol, comb-offset and comb-size. For an example, one SRS pattern can be constructed by comb-offset and comb-size (ex. given comb-size=4, comb-offset=2), the single pattern can be repeated with in the total number of SRS systems (if the total number of SRS symbol=12, then the pattern can be repeated 6 times). This way is simpler to construct a comb pattern with the existing SRS parameters. Also, one stair pattern is supposed to be repeated, but the rest of symbols may not be always guaranteed to make full repetition in certain cases. A receiver may be able to consider all of symbols in the pattern repetitions, or it may have a choice to use a partial number of the patterns out of the total repetitions up to receiver implementations, which can be a benefit of the Option-2. 
Proposal 1: Select only one option between the G symbol repetition and cyclic repetition of the comb pattern, unless specific usages are identified which necessitate both.
Proposal 2: We prefer option-2; ‘with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size.’

Observation 1: Option-2 does not need a new parameter introduction for SRS configuration. Also, a receiver can consider to use all of symbols in pattern repetitions, or it may have a choice to use a partial number of the patterns out of the total repetitions up to receiver implementations.
In the last meeting, a usecase of Option-1 has been mentioned to schedule together with Rel-15 bar-type SRS and Rel-16 stair-type SRS. It is possible if a gNB intends to mix the two types of the SRS configuration for positioning and sounding up to implementation, however it is doubted if FW software code easily takes such code complexity to mix different patterns in one resource in implementation. In addition, the bar-type and the stair-type still can be mixed even with option-2 if it is really needed as Figure-1 (left). We think its gain is trivial comparing to the complexity, and it seems unlikely to schedule the two different patterns in such mixed allocation in such complex way.





Figure 1 : (Left) Comb with stair structure with symbol repetition. (Right) Comb with stair structure with a pattern repetition. (note : both are possible to multiplex with Rel-15 SRS like red REs the right figure, but its usecase would be unlikely to multiplex SRS with different patterns in the same resource.)
Also, it is interesting to introduce non-stair-type SRS configuration (i.e. RE offsets as {0,2,1,3}). 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 RE pattern should be determined by a single one-to-one mapping.
A concern is caused in a situation that mixes up with UEs using a stair-pattern (i.e. RE offsets as {0,1,2,3}), and UEs using a non-stair pattern (i.e. RE offsets as {0,2,1,3}). 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,  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 if UEs only support one type of SRS staggered pattern to avoid further complication in the scheduling of SRS for positioning.  
Observation 2: 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.
Therefore, it is desirable to have a single SRS pattern to multiplex the SRS resources easily and effectively. For an example, select one pattern out of each option in the agreement table. 
Proposal 3: It is ideal to make a single SRS pattern per value of (number of symbols, comb size) to multiplex the SRS resources easily. Our preference is indicated in the table. 
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

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

	4
	N/A
	{0, 2}
	Select one of {0,2,1,3}, {0,1,2,3} and  {0,2,3,1}
	Select one of {0,2,1,3, 0,2,1,3} and {0,1,2,3, 0,1,2,3}
and/or {0,0,1,1,2,2,3,3}
	Select one of {0,2,1,3, 0,2,1,3, 0,2,1,3}and {0,1,2,3, 0,1,2,3,0,1,2,3}
and/or {0,0,0,1,1,1,2,2,2,3,3,3}

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

	N/A



Full range for cyclic shift with staggered comb 
In the last meeting, the CS cycle of the comb-8 is agreed to 6. 
	Agreement:
For UL SRS for positioning configured with comb size 8, the number of cyclic shifts is 6



Now, comb-8 can be used with MaxCS 6. However, we see there is a remained issue to construct the comb stair pattern with the CS. This needs to be reviewed over the existing comb-2 and 4 too as well as comb-8. 
[image: C:\Users\dayoon\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\FF1400A6.tmp][image: C:\Users\dayoon\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\A2D97BA4.tmp] Give different CS offset for continues CS over REs 

(a)                                   (b) 
Figure 2. SRS allocation with full band CS. 
(left) Rel-15 comb bar type (right) Rel-16 comb stair type 

The sounding reference signal sequence for an SRS resource shall be generated according to




where  is given by clause 6.4.1.4.3,  is given by clause 5.2.2 with  and the transmission comb number  is contained in the higher-layer parameter transmissionComb. 




Now, the maximum number of cyclic shifts is  if ,  if , and  if The Rel-15 spec gives CS phase rotation along the frequency domain. Rel-15 implementation of CS for SRS is given in TS38.211 :


where is the CS with constant phase ration steps, and where cyclic shift  is given in 6.4.1.4.2	Sequence generation, the total rotation bandwidth is determined by  depending on the size of the comb.
In Rel-16 updates, the stair comb patterns are introduced, the CS rotation needs to be revised in order to make the full range CS over the comb-stair patterns. The possible modified CS with the staggered comb sequence is designed with the time symbol index:

where 
	
	


and the equation supports both Rel-15 bar-type SRS and the Rel-16 comb-stair SRS. In order to support both of the SRS types, it is possible to set  as 0 when the bar-type SRS pattern is configured, and a ‘RE-offset number’ when comb-stair type is configured. The ‘RE offset number’ will be given from the table defined Comb RE allocation offset in the table of the pattern agreement, which will be further agreed based on this meeting discussion.
Proposal 4: Revise the CS equation to cover full range for cyclic shift with staggering comb patterns. 
Frequency hopping support for Rel-16 SRS
In the last meeting, the SRS frequency hopping has been discussed. A working assumption has been made no to support frequency hopping for the positioning purpose.
	Working assumption:
Frequency hopping of SRS for positioning is not supported.



There were companies proposed not to support the frequency hopping due to lack of usecases, however the working assumption captures too broad scopes. If excluding the hopping function, it needs specific reviews on Rel-15 existing inter/intra hopping and new hopping functions (i.e. hopping with staggering comb patterns). Companies mainly argued that if the UE hops then it may lose phase coherence and make it unlikely the gNB can combine the measurement for a full TOA estimation across hops. For Rel-15 sounding purpose SRS, the frequency hopping over SRS resources can measure UL frequency diversity gain for data transmission, while SRS for positioning purpose does not require such function. Therefore, SRS frequency hopping for positioning may not have good reasoning in this sense.
However, disabling the hopping function needs more dedicated reviews. A first question is if it is desirable to disable the Rel-15 existing SRS hopping function. Basically, RAN1 has agreed to improve Rel-15 SRS for Rel-16 positioning purpose, we have a sceptical view whether disabling the existing function in the previous release can be regarded as a new improvement in Rel-16. Moreover, we notice that one benefit from SRS frequency hopping is to obtain TX coverage enhancement by spectral power boost, it would be helpful to improve ToA estimating accuracy. Also the hopping function is optionally turns on and off in Rel-15 specs, it seems unnecessary to reverse the Rel-15 existing function.
In addition, regarding the concern of losing phase coherence due to hopping, the concern is true under dynamic or deep frequency selective channels. However, if a channel is flat and static such as FR2 beamforming channels, the phase coherence issue will not be critical in combining channels of multiple hops for ToA estimation, since each frequency hopping occasion has a constant phase rotation from a single tap propagation. In this case, TX power can be boosted, a frequency hopping can have a benefit in a sense of multiple TX resources slicing over a given time. Therefore, depending on the channel circumstance, the frequency hopping function can have useful usecase for positioning purpose too.
If not wanting frequency hopping in Rel-16, we can consider not to introduce the frequency hopping for the new staggering patterns case-by-case. Especially, it is hard to make hops with the large size staggering comb pattern in an intra-slot, it is considerable to disable the frequency hopping selectively over the new Rel-16 SRS patterns. 
Observation 3: Disabling the SRS frequency hopping in Rel-16 requires case-by-case reviews (i.e. inter/intra slot hopping, hopping of comb patterns). Also, the Rel-15 hopping functions can already be controlled on and off by RRC signals if they are not wanted. 
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. 
In the WID we have the following objective
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
The agreements made throughout the Rel-16 WI have refered to “SRS for positioning purposes”. However, the UE can’t assume the purpose of a configured RS in specification. There are SRS parameters which have restricted values for Rel-16 positioning and there are extentions of current SRS parameters for Rel-16 positioning. It is clear that we have been enhancing the existing SRS and that we intended to do so for positioning purposes. In order to properly capture this in specification we need to introduce a new value of higher layer parameter usage. If we don’t introduce this new value of usage for positioning then the specification will be unclear and many more questions will be raised. Such as if all the enhancements we have agreed to for positioning purposes apply to all exisiting values of usage and how to deal with on a case by case bases the different properities of the four exisiting usages. It is a small change to add a new usage for positioning which is clearly in line with the exisiting agreements that have been made. 
Proposal 5: Define a new usage of Rel-16 SRS for positioning purpose. 
Conclusion
In this contribution we make the following proposals and observations: 
Proposal 1: Select only one option between the G symbol repetition and cyclic repetition of the comb pattern, unless specific usages are identified which necessitate both.
Proposal 2: We prefer option-2; ‘with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size.’

Observation 1: Option-2 does not need a new parameter introduction for SRS configuration. Also, a receiver can consider to use all of symbols in pattern repetitions, or it may have a choice to use a partial number of the patterns out of the total repetitions up to receiver implementations.
Observation 2: 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.
Proposal 3: It is ideal to make a single SRS pattern per value of (number of symbols, comb size) to multiplex the SRS resources easily. Our preference is indicated in the table. 
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

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

	4
	N/A
	{0, 2}
	Select one of {0,2,1,3}, {0,1,2,3} and  {0,2,3,1}
	Select one of {0,2,1,3, 0,2,1,3} and {0,1,2,3, 0,1,2,3}
and/or {0,0,1,1,2,2,3,3}
	Select one of {0,2,1,3, 0,2,1,3, 0,2,1,3}and {0,1,2,3, 0,1,2,3,0,1,2,3}
and/or {0,0,0,1,1,1,2,2,2,3,3,3}

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

	N/A




Proposal 4: Revise the CS equation to cover full range for cyclic shift with staggering comb patterns.
Observation 3: Disabling the SRS frequency hopping in Rel-16 requires case-by-case reviews (i.e. inter/intra slot hopping, hopping of comb patterns). Also, the Rel-15 hopping functions can already be controlled on and off by RRC signals if they are not wanted. 
Proposal 5: Define a new usage of Rel-16 SRS for positioning purpose. 
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