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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 this contribution, we discuss some remaining issues on UL SRS for positioning (SRS-Pos), especially the cyclic shifts of SRS-Pos.

Discussion
For Rl-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 Rel16, the maximum number of SRS resources per set for positioning is defined to be16, 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, Rel16 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 1.
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	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 2, where  
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As shown in Table 2, 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 3. It shows that different phase offset incensements between the SRS-Pos REs for UE . 
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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 4. 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]).
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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 simplier 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 5.
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Conclusions
In this contribution, we discuss some remaining issues on UL SRS for NR positioning. Based on the discussion, we propose: 
[bookmark: _Hlk500928298]Proposal 1: 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 . 
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