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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. 
[bookmark: _Hlk4508044]Discussion
For UL-PRS, Rel-15 SRS design is under review as baseline. First, RAN1 is studying its reference signal RE pattern and resource allocation. In this contribution, we discuss Rel-15 SRS issues rising in the previous discussions and possible enhancement for the UL-PRS purpose. During RAN1#96-bis [6], the following discussion points were discussed about SRS configuration for NR positioning :
· SRS Comb-N extension adding Comb-1, Comb-N>4
· Number of SRS symbol extension from 6-symbols to longer than 6-symbols.
· SRS resource configuration and spatial relation to possible new SRS RE allocations
· Number of SRS sequences-IDs
· Timing advanced control toward neighbor cells
· Transmission power control toward neighbor cells.
· Define new usage of Rel-16 SRS for positioning purpose.

We discuss one-by-one of the listed items and preference in this contribution.
Number of SRS symbol and Comb-N structure
The current Rel-15 SRS supports comb-2 and comb-4, a question is whether extending the comb structures to comb-N > 4. In addition, comb-1 support has been discussed for long ToA measurement. Regarding SRS comb structure, RAN1-96bis has agreed below. The comb structure extension is related with the number of SRS symbols. Since a stagger structure is considered for ToA estimation for a full channel in a wide band, if N >5 is adopted, it is desirable to extend the number of SRS symbol longer than 4. Regarding SRS symbols, RAN1-96bis has agreed below.
RAN1-96bis 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.




Figure 1: comb-type and bar-type (repeated symbols) structures support of UL-PRS with comb RE allocation
Table 1: Possible estimation ToA range and estimation location range (LoS assumption)
	SCS [KHz]
	OFDM symbol 
duration [us]
	Estimation ToA range
Comb-6
[us]
	LoS
Distance [m]
	Estimation ToA range
Comb-12
[us]
	LoS
Distance [m]
	Normal CP length 
[us]

	240
	4.17
	0.70
	208.5
	0.35
	104.25
	0.288

	120
	8.33
	1.39
	416.5
	0.69
	208.25
	0.586

	60
	16.67
	2.78
	833.5
	1.39
	416.75
	1.172

	30
	33.33
	5.56
	1666.5
	2.78
	833.25
	2.344

	15
	66.67
	11.11
	3333.5
	5.56
	1666.75
	4.688



In Figure 1, comb structure and bar-type structure are illustrated. The bar type is supported in Rel-15, so Rel-16 SRS needs additionally to support comb structures for UL PRS. A large comb offset gives more flexibility and large capacity of MU scheduling, and the staggering RE structure also has benefit to boost TX power by steps up to configurations. Especially, when RAN1 discusses SRS beam sweeping for UL positioning, it may need more flexible RE structures such as N>4 comb structure. We think RAN1 needs to discuss comb-N structure with N>4 for positioning purpose. 
Comb-6 and comb-12 have been discussed, in the Table 1 and 2, we see benefits of comb-6. Its estimation range can cover channel delays almost 3-times of CP length. Assuming a CP length is possible propagation delay in the NR system design, it seems to have a good range of estimation and give more flexibility for MU multiplexing. However, comb-12 estimation range appears short to cover required channel delay as see in Table 1. Comb-12 just makes tightly the same range of the CP length. We simulate UTODA performances under UMa circumstances as in [6] . The simulations utilize 2 –symbol SRS with different comb-N structures like Figure-1 lower RE patterns. We see less usage of the comb-12 structure due to the short range in the outdoor circumstance, and its performance is degraded by more than 10m distance in Figure 2. We prefer to introduce comb-6 SRS only in Rel-15
[image: ]
Figure 2: UTDOA performance with SRS comb-N structures
Proposal 1: Consider comb-6 SRS structure additionally for UL positioning.
In addition, comb-1 structure has been discussed for benefit of long delay estimation [8]. Continuous SRS allocation in frequency REs (Comb-1) has been reviewed in Rel-15 SRS design discussions too, but issues such as TX power, PAPR and UE capacity for SRS resources have been identified during Rel-15 SRS discussions, so there may not need to revisit the same issues in NR-Positioning discussion. Comb-2 with staggering is expected to perform like the Comb-1 structure.  
SRS symbol allocation and SRS starting location
We propose staggering Comb-6 structure, the number of SRS symbol should be able to be allocated up to 6 symbols. Then the next question is where Rel-16 SRS can be allocated within a slot. In the last meeting, there was an agreement to discuss about the symbol allocation as
RAN1-96bis 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.

The number of symbols is related with the UE capacity in SRS resources. Associated with the comb-structures, we need to review the number of UEs multiplexed in SRS time symbols. From [8], we add more insights in the table.
Table 2: Number of UE capacity from SRS resource calculation (omni-directional UE transmission case).
	Comb
	#Symbols per SRS config 
	Structures :
(S) Staggered
or
(X) Repeated 
	Maximum number of UEs 
per a slot schedule
	  Max number of UEs by CS multiplexing
- 12 CS for Comb-4 and 8 CS for Comb-2.
- [12 CS] is assumed for Comb-6 and Comb-12.

	
	
	
	Last 6 OFDM symbols used
	Last 12 OFDM symbol can be used
	Last 6 OFDM symbols can be used
	Last 12 OFDM symbol can be used

	2
	1
	Single
	12
	24
	96
	192

	4
	1
	Single
	24
	48
	288
	576

	6
	1
	Single
	36
	72
	[432]
	[864]

	12
	1
	Single
	72
	144
	[864]
	[1728]

	2
	2
	S or X
	6
	12
	48
	96

	4
	2
	S or X
	12
	48
	144
	288

	4
	4
	S or X
	4
	12
	48
	96

	6
	2
	S or X
	18
	36
	[216]
	[432]

	6
	3
	S or X
	12
	24
	[144]
	[288]

	6
	6
	S or X
	6
	12
	[72]
	[144]

	
	
	
	
	
	
	


Note: If TX beam forming is considered, [Required SRS Number for beam/UE multiplexing] is divided by # of TX beams times of table number.
The cases in bold are the configurations possible under Rel-15 SRS. Also, Rel-15 SRS utilizes 12 CS for Comb-4 and 8 CS for Comb-2, but there is no CS definition for Comb-6 and Comb-12 in the current discussion. In this table, 12 CS is assumed for Comb-6 and Comb-12 for UE calculation. If new comb-N >4 structures are introduced, CS configuration Cyclic shift needs to be defined if Comb-6 or Comb-12 are proposed.
Different SRS ports should be able to be assigned for multiple UEs multiplexing. CS multiplexing does not guarantee orthogonality between multiplexed UEs. When time delay is long, inter UE interference is caused in channel estimation in the CS multiplexing. Although there is some performance caution in using CS, CS is widely used in LTE/NR RS port definitions as well as SRS port separation in Rel-15, and so will do in Rel-16 SRS. 
This table assumes omni-directional transmission per a UE, we count the number of UEs multiplexing in SRS resources through TDM, FDM and CS-multiplexing. However, if assuming TX beamforming and transmission toward neighbor cells, more resources are required. If TX beamforming is assumed, the current resource with 6-symbols allocations are used up easily. It needs symbol extension in Rel-16 SRS design for MU. For example, if a UE has multiple TX beams, the numbers of UE capacity in Table 2 is further reduced by dividing by the number of TX beams further, which means SRS resources per a TX beam per a UE.
Observation 1: If TX beamforming is assumed, the current resource with 6-symbols allocations are used up easily. It needs symbol extension in Rel-16 SRS design for MU.
Proposal 2: Extend the number SRS symbols from {1,2,4} symbols to at least {1,2,4,6} symbols for orthogonal UE multiplexing capacity.
Also, as analyzed in Table 2, we propose to extend the last 6-symbols allocation to the last 12 symbols. The 6 staggering symbol structure can be fit in the 12 symbols from the table above. 
Proposal 3: Extend Rel-15 SRS symbol allocations from the last 6-symbols to the last 12 symbols.
SRS resource configuration with staggered REs
In the last meeting, most of companies support the staggering RE structure. Figure 3-(a) is possible by Rel-15 SRS symbol repetition, spatial relation information is configured per a SRS resource configuration, which means one SRS resource is an unit of a beam configuration. For example, if needing to change a spatial information for beam sweeping, four of SRS resource can be configured as Figure 3-(a)
The staggering structure in Figure 3-(b) may be able to be configured with the same configuration concept. One intention of making the staggering structure is to construct a full channel estimation from comb REs. Therefore, the spatial information needs to be sustained in all staggered REs. In options below, we think option-(i) is more reasonable.  
RAN1-96bis Agreement:
Select one or both of the following options to support staggered SRS transmissions for UL SRS positioning
i. 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
ii. Configuration of the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set.

However, we see that option-(ii) can still work for SRS configurations in simple cases. Perhaps, a benefit of option-(ii) seems to make very flexible structure of SRS. One difficulty is found regarding the maximum number of SRS resource configuration = 64 under Rel-15. In option-(ii), many SRS resource configuration is required to express Figure 3-(b) RE structure with large comb size if adopting comb-6 or comb-12, it will exceed the Rel-15 allowances. Also, it causes signaling redundancy unnecessarily even for a simple structure of SRS transmission.  



(a)                                   (b)
Figure 3. Beam sweeping support with Rel-16 SRS allocation
Proposal 4: We prefer option-1 of staggered patterns in a single SRS resource. 

Number of SRS sequences-ID
In the last meeting, there was a proposal to extend bit width of parameter sequence-Id of the SRS resource configuration from 10-bits to longer (i.e. 16 bits) [9]. For performance, it will be good to obtain more randomness in code multiplexing. However, it would be ideal to investigate the number of UE capacity multiplexed in orthogonal manners as we discussed above first. Random code multiplexing belongs to quasi-orthogonal manners, and it works on the top of orthogonal resource allocation first. If the discussion of MU multiplexing finds a specific issue of lack of sequence ID, then the further code multiplexing can be considered. 
Proposal 5: First study UE multiplexing capacity in orthogonal manners through comb and symbol structures. If finding issues regarding lack of UE capacity, then consider modifying the number of code sequences ID.
Timing Advanced and Transmission Power Control
In NR systems, Rel-15 NR SRS transmission is configured for an individual UE-specific configuration by a serving cell, while LTE systems supports both a cell specific and a UE specific configuration. It is desirable to study for neighbour cell hearability through TA and TPC improvement associated with neighbour cells based on UE specific manners in NR systems. We observe that TA mis-alignment is one reason for the poor hearability in neighbour cell side. Especially, NR systems can operate with various NR numerology, there exist short OFDM symbols and short CP length. If TA values are not adjusted properly, UL hearability can be very poor despite whatever efforts. Also, TX power control targeting only at the serving cell causes an issue of neighbour cell hearability. This is one part of Rel-16 SRS that can be improved for UL positioning as well. 
Proposal 6: Study UE specific TA and TPC control mechanisms for neighbor cell hearability improvements.
In our companion contribution, [4], we address details.
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 7: Define a new usage of Rel-16 SRS for positioning purpose. 
Conclusion
The following observation was drawn:
Observation 1: If TX beamforming is assumed, the current resource with 6-symbols allocations are used up easily. It needs symbol extension in Rel-16 SRS design for MU.

The following proposals were made. 
Proposal 1: Consider comb-6 SRS structure additionally for UL positioning.
Proposal 2: Extend the number SRS symbols from {1,2,4} symbols to at least {1,2,4,6} symbols for orthogonal UE multiplexing capacity.
Proposal 3: Extend Rel-15 SRS symbol allocations from the last 6-symbols to the last 12 symbols.
Proposal 4: We prefer option-1 of sstaggered patterns in a single SRS resource.
Proposal 5: First study UE multiplexing capacity in orthogonal manners through comb and symbol structures. If finding issues regarding lack of UE capacity, then consider modifying the number of code sequences ID.
Proposal 6: Study UE specific TA and TPC control mechanisms for neighbor cell hearability improvements.
Proposal 7: Define a new usage of Rel-16 SRS for positioning purpose. 
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