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1 [bookmark: _Ref189046994]Introduction
This contribution address  maintenance issues pertaining to UL reference signals for NR positioning. 
2 [bookmark: _Ref7792543][bookmark: _Ref7598514]SRS maintenance for release 16
2.1 SRS performance evaluation and potential improvements
The positioning error performance of the SRS was evaluated with a comb 2 and 8 cyclic shifts using the release 16 baseline. Each drop of UEs is done such that all UEs in the same cell are allocated an orthogonal resource.  
The baseline result was compared with two potential improvements. First the allocation of cyclic shift is done so that the distance between cyclic shifts in time is maximized over the SRS resource (compared to over the srs symbol in rel16). Second the sequence generation is done per resource instead of per symbol in rel16. The proposed solutions are given in section 2.2 and 2.3. in Figure 1, we show that the performance improves greatly by changing the way cyclic shifts are assigned to maximize the distance between cyclic shifts. The reason for this improvement is a reduction of the amount of ISI generated by the delay spread of the channel overlapping between users on the same comb and only separated by cyclic shift. The gain in performance is around 12 meters in the 90th percentile.  Moreover, additional improvement can be obtained by extending the SRS ZC sequence to span the whole resource instead of a single symbol.  


[bookmark: _Toc32609311]The separation between cyclic shifts is a limiting factor in performance of the rel16 SRS for positioning

When the gnodeB receives SRS for UL RTOA measurement, it will utilise the whole SRS resource to maximize the TOA range, i.e. it will collapse all symbol in the resource into a single symbol with TOA Range .  Currently, each of the symbols in the SRS resource are generated independently with distinct ZC low-PAPR sequences. When using each symbol with the same comb offset (rel15 legacy behavior), this allows some diversity between symbol and is desirable. However, when the different symbols in the resource have a different comb offset, the whole resource will be used to measure the TOA. In that case, the whole resource cross correlation should be optimized.   

[bookmark: _Toc32609312]The cross correlation  between SRS resources is a limiting factor in performance of the rel16 SRS for positioning
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Figure 1 Performance of release 16 SRS for positioning baseline (yellow curve) and proposed enhancements to the cyclic shift implementation (blue curve) and to the ZC sequence length (red line) 

2.2 Cyclic Shift allocation for staggered SRS
The allocation of cyclic shifts over a combed signal such as the SRS folds the cyclic shift range within the comb duration, so that the time-domain representation of the cyclic shift is periodic with period . In the legacy rel-15 SRS, the cyclic shift is applied to each symbol equally. Figure 2 illustrates how the cylic shift is applied on the frequency grid
[image: ]
[bookmark: _Ref31960020]Figure 2 Cyclic shift allocation for SRS. In this example, the resource spans 4 symbols. 
While this is the correct behavior for the non-staggered SRS comb, it should be modified when a fully or partially staggered pattern is used, to utilize the full range of the comb-1 equivalent symbol obtained by the combination of all symbols in the SRS resource.  One way to resolve this is to have the sequence distributed over the full SRS resource so that each symbol in the pattern features a part of the cyclic shift sequence.  Doing so would space each SRS resource every  instead of   in rel15. 
The current implementation of cyclic shift for SRS is as follow [38.211]:

For SRS bandwidth covering more than 36 active subcarriers (based on the size of the comb, the corresponding bandwidth is (6PRBs for comb 2,12 PRB for comb 4, 24PRBs for comb 8), the SRS is using a  Zadoff Chu (ZC) base sequence. Shorter base sequences use computer generated sequences (CGS).  The sequence is then mapped onto to the time-frequency grid, accounting for the comb size with 

where and is the comb factor. So that the SRS is mapped on the time frequency grid as:

where length of the sounding reference signal sequence is given by

where   is the bandwidth allocation in number of PRBs,   is the PRB size. 
As mentioned earlier, the current implementation of the CS multiplexes different shifts over a time span of , so that each cyclic shift is equaly spaced by   .  This is inefficient as we could either extend the space between cyclic shifts to improve separation between signals, or extend the number of multiplexed signals while keeping  the same separation between signals. 
In Figure 3, we show a possible allocation that would extend the space between cyclic shifts by utilizing the whole duration of the comb-1 equivalent SRS.
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[bookmark: _Ref31961750]Figure 3 Allocation of cyclic shifts to utilize the full duration of the SRS symbol

To utilize the extended range from the staggered SRS resource, the SRS equation for sequence generation needs to be made dependent of both the frequency index  and the symbol index, so that the generated sequence  spans the whole resource bandwidth : 
	
	(1)


	
	


Proposal 1 [bookmark: _Toc24126044][bookmark: _Toc32609314]The cyclic shift  of  the UL SRS with staggered pattern can be configured 1) per symbol, according to REL-15 behaviour or 2)  per SRS resource, across all symbol in the SRS resource, according to equation 1 above
Proposal 2 [bookmark: _Toc32609315]Text proposal 1 is endorsed in TS 38.211
2.3 Issue with ZC sequence
With the SRS for positioning, the SRS resource is used to form a comb-1 symbol that maximizes the range of the reference signal. With this use in mind, the construction of the RS with independent ZC sequences per symbol is sub-optimal as it yields a higher cross correlation property compared to stretching the ZC sequence over all symbols. When sequence hopping is not configured, it is beneficial to allow to extend the sequence to the whole resource length instead of the symbol length. 
[bookmark: _Toc32609313]The ZC sequence used to create the SRS for positioning can be configured to span either a symbol bandwidth of length  or the whole comb-1 equivalent resource length, i.e.  

3 Conclusion
In the previous sections we made the following observations: 
Observation 1	The separation between cyclic shifts is a limiting factor in performance of the rel16 SRS for positioning
Observation 2	The cross correlation  between SRS resources is a limiting factor in performance of the rel16 SRS for positioning
Observation 3	The ZC sequence used to create the SRS for positioning can be configured to span either a symbol bandwidth of length  or the whole comb-1 equivalent resource length, i.e. 
Based on the discussion in the previous sections we propose the following:
Proposal 1	The cyclic shift  of  the UL SRS with staggered pattern can be configured 1) per symbol, according to REL-15 behaviour or 2)  per SRS resource, across all symbol in the SRS resource, according to equation 1 above
Proposal 2	Text proposal 1 is endorsed in TS 38.211
4 [bookmark: _In-sequence_SDU_delivery]References
RP-190752, “New WID: NR Positioning Support”, Intel Corporation, Ericsson, Shenzhen, China, March, 2019 
5 Text Proposals for Specification CRs
Text proposal 1 (38.211):
	[bookmark: _Toc19796403][bookmark: _Toc26459629][bookmark: _Toc29230274]5.2.4	Low-PAPR sequence generation type 3
The low-PAPR sequence   is defined by a cyclic shift  of a base sequence  according to 


where  is the length of the sequence, is a symbol index defined in section 6.4.1.4.2 and  is defined in section 6.4.1.4.3. the definition of the base sequence  is given in section 5.2.2.
-----unchanged text omitted ------
[bookmark: _Toc19796473][bookmark: _Toc26459699][bookmark: _Toc29230349]6.4.1.4.2	Sequence generation
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 5.2.4 if SRS is configured with [SRS for positioning], clause 5.2.2 otherwise, with  and the transmission comb number  is contained in the higher-layer parameter transmissionComb. 
-----unchanged text omitted ------
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