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Introduction
Most of the issues for Rel-16 NR Positioning Support WI were resolved in RAN1#98bis [1] and RAN1#99 [2]. In RAN1#100-e meeting, the following agreements were achieved on several remaining issues on UL SRS for positioning (SRS-Pos) [11]. In this contribution, we discuss some remaining issues on SRS-Pos, including collision handling between SRS-Pos and PUSCH, symbol-specific cyclic shifts for SRS-Pos and SRS-Pos coordination among multiple gNBs.

 (
Agreements
:
The TP for TS38.214 in Section 3 of 
R1-2001286
 is agreed.
Agreements
:
The text proposal in Section 3.1 of 
R1-2001287
 for TS38.214 is agreed.
Agreements:
Add the parameter slot offset for an SRS resource when SRS is configured with the higher layer parameter [SRS-for-positioning] and when the higher layer parameter 
resourceType
 in SRS-Resource is set to 'aperiodic'.
Send an LS to RAN2 to inform of the update of higher layer parameters
Agreements:
Endorse the 
text proposal for TS38.214 
in section 3.1 of the summary of the email discussion output in 
R1-2001288
.
LS to RAN
2
 approved in 
R1-2001386
, R1-2001483
Agreements:
Endorse the text proposal for TS38.214 in section 3.1 of the summary of the email discussion output in 
R1-2001288
.
Agreements:
The feature of default spatial relation info is not applicable to SRS for positioning
The feature of using one MAC CE to activate 
one same spatial relation info
 for multiple SRS resources in multiple CCs is not applicable to SRS for positioning.
The text proposal for TS38.214 in Section 3.1 in 
R1-2001289
 is endorsed.
)
Discussion
Collision handling between SRS-Pos and PUSCH
In RAN1#99 meeting [2], the following rules for collision handling between SRS-Pos and PUCCH/PUSCH were agreed.
	
Agreement:
The SRS collision rules for Rel-15 are reused for Rel-16 for SRS for positioning.

Agreement:
If the SRS for positioning collides with PUSCH, the SRS is dropped in the symbols where the collision occurs.
· Note: The phase continuity between transmitted symbols on either side of a transmission gap may not be maintained.




In the email discussion [100e-NR-Pos-ULRS-02] in RAN1#100-e, RAN1 reached the agreements about collision handling between SRS and PUSCH as follows [11],
	[bookmark: _Toc11352157][bookmark: _Toc20318047][bookmark: _Toc27299945][bookmark: _Toc29673219][bookmark: _Toc29673360][bookmark: _Toc29674353]
Agreement:
The text proposal in Section 3.1 of R1-2001287 for TS38.214 is agreed.
************* start TP for 38.214 ***************
6.2.1	UE sounding procedure
===================== Unchanged part omitted ========================
If a UE is not configured with [intraUEPrioritization] and PUSCH and SRS configured by SRS-Resource are transmitted in the same slot on a serving cell, the UE may only be configured to transmit the SRS after the transmission of the PUSCH and the corresponding DM-RS. 
If a UE is configured with [intraUEPrioritization] and a PUSCH transmission would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).
==================== Unchanged part omitted =======================
************* end TP for 38.214 ***************




[bookmark: _Hlk498636457][bookmark: _Hlk498636712]In Rel-15, SRS occupies at most 4 symbols in one slot, and it will be configured to be transmitted after the transmission of the PUSCH, so Rel-15 SRS will not collide with a PUSCH transmission. In Rel-16, SRS-Pos can be configured to occupy at most 12 symbols in one slot to expand its coverage and facilitate reception of neighboring gNBs. Due to limited uplink resource, a PUSCH transmission may be scheduled in overlapped symbols in one slot with an SRS-Pos transmission on a serving cell. In this case, the collision between SRS-Pos and PUSCH will occur. According to the agreement above, SRS-Pos is dropped in the overlapped symbols where the collision occurs. Moreover, in TS 38.214 [12], there is the description on the collision handling between PUCCH and SRS as follows,
· For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s), or only L1-SINR report(s). 
· A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK, link recovery request and/or SR. 
· PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s). 
The current collision rules between SRS-Pos and PUCCH/PUSCH is shown in Table 1:

[bookmark: _Ref36644648]Table 1: Collision rules between SRS-Pos and PUCCH/PUSCH in current spec
	                           PUCCH/PUSCH

SRS-Pos
	PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s)
	PUCCH carrying HARQ-ACK, link recovery request and/or SR
	PUSCH

	Semi-persistent and Periodic SRS-Pos
	Drop SRS-Pos
	Drop SRS-Pos
	Drop SRS-Pos

	Aperiodic SRS-Pos
	Drop PUCCH
	Drop SRS-Pos
	Drop SRS-Pos



From the above collision rules marked as BLUE color in Table 1, it can be observed that PUCCH and PUSCH have different behavior when aperiodic SRS-Pos collides with PUSCH and PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s). As the aperiodic SRS has a higher transmission priority than semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s), and considering that aperiodic SRS-Pos will be received by multiple TRPs involved in positioning, aperiodic SRS-Pos should has a higher transmission priority than PUSCH, and the aperiodic SRS should transmitted in the overlapped symbols when it collides with PUSCH. Therefore, we suggest the following rule of collision handling between SRS-Pos and PUSCH:
· PUSCH shall not be transmitted when aperiodic SRS configured by the higher layer parameter [SRS-for-positioning] is triggered to be transmitted to overlap in the same symbol with PUSCH.
The proposed collision rules between SRS-Pos and PUCCH/PUSCH is shown in Table 2, the changed collision rule is marked as RED color:
[bookmark: _Ref36645475]Table 2: Proposed collision rules between SRS-Pos and PUCCH/PUSCH
	                           PUCCH/PUSCH

SRS-Pos
	PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s)
	PUCCH carrying HARQ-ACK, link recovery request and/or SR
	PUSCH

	Semi-persistent and Periodic SRS-Pos
	Drop SRS-Pos
	Drop SRS-Pos
	Drop SRS-Pos

	Aperiodic SRS-Pos
	Drop PUCCH
	Drop SRS-Pos
	Drop PUSCH



[bookmark: _Ref36563105]Proposal 1: Aperiodic SRS-Pos should have a higher transmission priority than PUSCH, and PUSCH should be dropped in the overlapped symbols when colliding with aperiodic SRS-Pos.

[bookmark: _Ref36563121]Proposal 2: Adopt the following text proposal for collision handling between SRS-Pos and PUSCH in 38.214:
	-------------------------------------------------Start of Text Proposal for 38.211-----------------------------------------------
6.2.1	UE sounding procedure
----------------------------------------------------- Unchanged part omitted ------------------------------------------------ ---
For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s), or only L1-SINR report(s). A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK, link recovery request (as defined in clause 9.2.4 of [6, 38.213]) and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s). 
For PUSCH and SRS on the same carrier, PUSCH shall not be transmitted when aperiodic SRS configured by the higher layer parameter [SRS-for-positioning] is triggered to be transmitted to overlap in the same symbol with PUSCH.
----------------------------------------------------- Unchanged part omitted ------------------------------------------------ ---
--------------------------------------------------------End of Text Proposal -----------------------------------------------------



Symbol-specific cyclic shifts for SRS-Pos
For Rel-16 positioning, staggered patterns were agreed for the transmission of the UL SRS for positioning (SRS-Pos) as shown in the following agreement [2]:

Agreement: (RAN1#99)
For each pair of comb size and number of symbols of SRS, there is one single RE pattern. The patterns in the table below are selected
	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
	{0,4,2,6}
	{0,4,2,6,1,5,3,7}
	{0,4,2,6,1,5,3,7,0,4,2,6}



With the introduction of the staggered patterns for SRS-Pos, when the formula of the SRS cyclic shifts is re-used for the SRS-Pos, there are a number of potential issues. For example, there are phase discontinuities when a staggered SRS-Pos pattern is de-staggered (combined) for the SRS-Pos detection at the receiver. Also, when multiple UEs are multiplexed to the same REs for the transmission SRS-Pos based on the assignment of different cyclic shifts, the phase increments for different UEs on the REs are different. This may prevent the gNB from detecting the SRS-Pos signals from multiple UEs with the same correlation process. To overcome these issues, introducing different formulas for cyclic shifts for SRS-Pos was discussed in previous meetings without reaching a consensus [3].
In Rel-16, the maximum number of SRS resources per set for positioning is defined to be 16, and the maximum number of supported SRS resource sets for positioning can be up to 16 resource sets per BWP for a UE. In addition, for supporting the need to allocating many UEs simultaneously, the number of bits for the sequence ID for SRS-Pos is increased to 16. Furthermore, Rel-16 supports the configuration of a SRS resource with  symbols located in anywhere is a UL slot and comb-size {2, 4, 8}. Therefore, the detection of SRS-Pos signals is expected to be a much more difficult than the detection of the SRS signals, especially for the SRS-Pos from remote neighboring TRPs.
According to TS 38.211, SRS/SRS-Pos sequence in a OFDM symbol   will be generated according to





Where   is the come-size,   is the SRS-Pos sequence length. The cyclic shift applies to each elementof the base sequence  is related to the element index and the configured cyclic shift index -1} ,  for  respectively. For SRS, , and for SRS-Pos the quantity  is given the SRS-Pos staggering pattern, as shown in Table 3.

[bookmark: _Ref31874809]Table 3: The offset  for SRS-Pos
	
	

	
	
	
	
	
	

	2
	0
	0,1
	0,1,0,1
	-
	-

	4
	-
	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
	-
	-
	0, 4, 2, 6
	0, 4, 2, 6, 1, 5, 3, 7
	0, 4, 2, 6, 1, 5, 3, 7, 0, 4, 2, 6



For SRS, if we use comb-size 4 as an example, the maximum number of cyclic shifts  is 12. If we assume one UE is configured for SRS transmission with cyclic shift indexes  and base sequence , we have the mapping of SRS sequences to the REs as shown in Table 4, where  

[bookmark: _Ref30361052]Table 4: Mapping of SRS sequences (UE , Comb-size 4, Comb-size 4)
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As shown in Table 4, SRS sequence has the same phase incensement of  between the SRS REs for UE .
For SRS-Pos, however, due to the staggered pattern with , the mapping of SRS-Pos sequences is shown in Table 5. It shows that different phase offset incensements between the SRS-Pos REs for UE . 

[bookmark: _Ref30348485][bookmark: _Ref30347455]Table 5: Mapping of SRS-Pos sequences (UE , Comb-size 4, SRS-Pos pattern (0, 2, 1, 3))
	…
	…
	…
	…
	…
	…

	4m+3
	
	
	
	
	

	4m+2
	
	
	
	
	

	4m+1
	
	
	
	
	

	4m
	
	
	
	
	

	
	
	
	
	
	

	…
	
	
	
	
	

	…
	…
	…
	…
	…
	…

	11
	
	
	
	
	

	10
	
	
	
	
	

	9
	
	
	
	
	

	8
	
	
	
	
	

	7
	
	
	
	
	

	6
	
	
	
	
	

	5
	
	
	
	
	

	4
	
	
	
	
	

	3
	
	
	
	
	

	2
	
	
	
	
	

	1
	
	
	
	
	

	0
	
	
	
	
	

	Subcarrier ↑
Symbols →
	0
	
	
	
	Combined




Now let us assume there are total N UEs that are assigned to the same REs, but with different cyclic shift indexes . Then, under the same assumption of comb-size 4, with the staggered pattern with , the mappings of SRS-Pos sequences are shown in Table 6. It shows different phase offset incensements between the SRS-Pos subcarriers. It is known that the mapping makes it difficult to remove the cyclic shifts for the detection for the SRS-Pos, and causes aliasing problem of correlation peaks in SRS-Pos detection as discussed in previous meetings ([3-7]).

[bookmark: _Ref31876313]Table 6: Mapping of SRS-Pos sequences (N UEs, Comb-size 4, SRS-Pos pattern (0, 2, 1, 3), the 
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A number of solutions were proposed to resolve above problem with the similar idea to introducing an adjustment of the cyclic shifts as a function of the staggered pattern, such that the phase offset incensement between the SRS-Pos subcarriers to be the same ([3-7]), which can be summarized into the following two options in [3]:
	Option 1 :                 if configured
             otherwise

Option 2:                  

 configured via   and   
 is  configurable (range for cyclicshift is extended)
Note: the maximum value of cyclic shift   is not changed



In this paper, we propose a similar, but a simpler solution to the cyclic shits of the SRS-Pos as follows:


where 

The  is the frequency-domain starting position of symbol 

With above change, we have the same phase increment for the SRS-Pos symbols, and the aliasing problem due to the uneven phase increment should be resolved as shown in Table 7.
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	…
	…
	…
	…
	…
	…

	4m+3
	
	
	
	
	

	4m+2
	
	
	
	
	

	4m+1
	
	
	
	
	

	4m
	
	
	
	
	

	
	
	
	
	
	

	…
	
	
	
	
	

	…
	…
	…
	…
	…
	…

	11
	
	
	
	
	

	10
	
	
	
	
	

	9
	
	
	
	
	

	8
	
	
	
	
	

	7
	
	
	
	
	

	6
	
	
	
	
	

	5
	
	
	
	
	

	4
	
	
	
	
	

	3
	
	
	
	
	

	2
	
	
	
	
	

	1
	
	
	
	
	

	0
	
	
	
	
	

	Subcarrier ↑
Symbols →
	0
	
	
	
	Combined




	…
	…
	…
	…
	…
	…

	4m+3
	
	
	
	
	

	4m+2
	
	
	
	
	

	4m+1
	
	
	
	
	

	4m
	
	
	
	
	

	
	
	
	
	
	

	…
	
	
	
	
	

	…
	…
	…
	…
	…
	…

	11
	
	
	
	
	

	10
	
	
	
	
	

	9
	
	
	
	
	

	8
	
	
	
	
	

	7
	
	
	
	
	

	6
	
	
	
	
	

	5
	
	
	
	
	

	4
	
	
	
	
	

	3
	
	
	
	
	

	2
	
	
	
	
	

	1
	
	
	
	
	

	0
	
	
	
	
	

	Subcarrier ↑
Symbols →
	0
	
	
	
	Combined



Proposal 3: Symbol-specific cyclic shifts for SRS-Pos should be supported in order to keep phase continuities when a staggered SRS-Pos pattern is de-staggered for the SRS-Pos detection at the receiver.

Proposal 4: Adopt the following changes to Section 6.4.1.4.3 in TS 38.211:
	6.4.1.4.3	Mapping to physical resources





When SRS is transmitted on a given SRS resource, the sequence  for each OFDM symbol  and for each of the antenna ports of the SRS resource shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with  to resource elements  in a slot for each of the antenna ports  according to





The  is the frequency-domain starting position of symbol . 





SRS-Pos coordination among multiple gNBs
For UL positioning, the mutual interference of SRS-Pos transmissions among different cells is hard to predict. The UL positioning performance will suffer from the degraded SRS-Pos measurement accuracy caused by the mutual interference. It is necessary to adopt measures to resolve the problem.
One simple method is to UL muting in SRS-Pos transmission.  It means when one UE transmits the SRS-Pos on one certain resource, the neighboring cell should reserve this resource. This method requires inter-gNB coordination or enables LMF to coordinate the resource muting. It may cause additional resource overhead.
Another alternative is orthogonal SRS-Pos resource assignment via a common orthogonal resource pool. The serving gNB and neighboring gNBs should assign the SRS-Pos resource to UEs from the common orthogonal resource pool. This method also requires inter-gNB coordination or enables LMF to define orthogonal SRS-Pos resource pool. Within this resource pool, every SRS-Pos resource is orthogonal in time, or frequency or code domain with each other. As shown in Figure 1, gNB1~gNB4 obtain orthogonal SRS-Pos resource configuration from LMF, therefore the interference among SRS-Pos from the UEs belonging to these gNBs can be well avoided.
The third method is enabling interference cancellation. If a gNB for SRS-Pos reception is able to get the interfering signal resource configuration information, the gNB can conduct the interference cancellation when there is a collision between the SRS-Pos transmissions from different UEs in difference cells, or between the SRS-Pos transmission from a UE and the transmission of other UL signals from other UEs. To conduct interference cancellation, the hearing gNB not only requires getting the resource configuration information for the SRS-Pos to be measured but also the resource configuration information of the interfering SRS-Pos or other UL signals. SRS-Pos interference cancellation also requires the SRS-Pos resource information exchange among the gNBs and LMF.  As shown in Figure 1, gNB3 and gNB4 can exchange the hearing SRS-Pos configuration information and interfering SRS-Pos configuration information, it will facilitate the interference cancellation among SRS-Pos from the UEs belonging to neighboring gNBs.

              [image: ]
[bookmark: _Ref16238364]Figure 1: SRS-Pos resource coordination among the gNB

[bookmark: p6]Proposal 5:  Support SRS-Pos resource coordination to achieve orthogonal SRS-Pos resource assignment and/or SRS-Pos interference cancellation.

Conclusions
In this contribution, we discuss several remaining issues on UL SRS for NR positioning. Based on the discussion, we propose: 
Proposal 1: Aperiodic SRS-Pos should have a higher transmission priority than PUSCH, and PUSCH should be dropped in the overlapped symbols when colliding with aperiodic SRS-Pos.
Proposal 2: Adopt the following text proposal for collision handling between SRS-Pos and PUSCH in 38.214:
	-------------------------------------------------Start of Text Proposal for 38.211-----------------------------------------------
6.2.1	UE sounding procedure
----------------------------------------------------- Unchanged part omitted ------------------------------------------------ ---
For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s), or only L1-SINR report(s). A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK, link recovery request (as defined in clause 9.2.4 of [6, 38.213]) and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s). 
For PUSCH and SRS on the same carrier, PUSCH shall not be transmitted when aperiodic SRS configured by the higher layer parameter [SRS-for-positioning] is triggered to be transmitted to overlap in the same symbol with PUSCH.
----------------------------------------------------- Unchanged part omitted ------------------------------------------------ ---
--------------------------------------------------------End of Text Proposal -----------------------------------------------------



Proposal 3: Symbol-specific cyclic shifts for SRS-Pos should be supported in order to keep phase continuities when a staggered SRS-Pos pattern is de-staggered for the SRS-Pos detection at the receiver.

[bookmark: _Hlk500928298]Proposal 4: Adopt the following changes to Section 6.4.1.4.3 in TS 38.211  
	[bookmark: _Toc19796474][bookmark: _Toc26459700][bookmark: _Toc29230350]6.4.1.4.3	Mapping to physical resources





When SRS is transmitted on a given SRS resource, the sequence  for each OFDM symbol  and for each of the antenna ports of the SRS resource shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with  to resource elements  in a slot for each of the antenna ports  according to





The  is the frequency-domain starting position of symbol . 




Proposal 5:  Support SRS-Pos resource coordination to achieve orthogonal SRS-Pos resource assignment and/or SRS-Pos interference cancellation.
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