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In RAN1 meeting #97, the following agreements were achieved regarding UL RS for NR positioning [1]. 
Agreement:
SRS transmissions for positioning are realized with 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
· FFS: construction of the pattern inside the SRS resource structure
Agreement:
For positioning, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}
· FFS: Other values including 3,6,14
· Note: Values of 1, 2 and 4 within an SRS resource can already be configured in Rel-15
Agreement:
For positioning, starting positions in the time domain for the SRS resource can be anywhere in the slot, i.e. an offset loffset  range of {0,1,…,13}.
Agreement:
For positioning, with regard to UL Beam management/alignment towards serving and neighbouring cells, at least the following (option 2 from prior agreement) can be used:
· UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources
· FFS: other options
Agreement:
For positioning, the SRS comb size set is extended from {2,4} to {2,4,8}
· FFS: Additional comb sizes: 1, 6, 12
· Note: For the comb sizes of 6 and 12, the number of PRBs may be restricted if currently defined sequences are to be used
· FFS: Maximum number of cyclic shifts for the different comb sizes (cyclic shifts for comb sizes of 2 and 4 already exist in Rel-15)
In this contribution, we present our views on UL SRS enhancements for positioning.
UL SRS enhancement for positioning 
In NR Rel-15, in frequency domain, SRS is per BWP configured; while in time domain, SRS can be configured with maximum 6 symbols within a slot. According to different functionalities, SRS can be used for codebook based transmission, non-codebook based transmission, antenna switching and beam management. One or more SRS resource set(s) can be configured for a UE with one of the above usages. Each SRS resource set may involve one or more SRS resource(s), and each SRS resource may involve one or more SRS antenna port(s). In addition, SRS frequency hopping and carrier switching are also supported as in LTE. To guarantee accuracy of positioning in different scenarios in NR, a flexible and extended SRS design is required as current SRS design is not sufficient. During the study item, some enhancements of SRS for positioning were studied though no agreement on whether and which enhancements are needed.
SRS configuration enhancements
For better positioning correlation performance and uplink coverage, the following agreement was reached at RAN1 #97 regarding the possible SRS staggered pattern:
	Agreement:
SRS transmissions for positioning are realized with 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
· FFS: construction of the pattern inside the SRS resource structure


For example, SRS with a staggered pattern in a single SRS resource is depicted in Fig.1.  In order to support staggered pattern for an SRS resource, some modifications for SRS configuration may need to be introduced. 
[image: ]
Fig. 1 A staggered pattern of a SRS resource
In NR Rel-15, the parameter ‘comb offset’ specified in TS38.331 [2] are used to indicate the lowest RE position across all symbols in a RB. However, when configuring a staggered pattern, a single value of ‘comb offset’ may not be enough. One way is to configure a set of comb offsets corresponding to each symbol of an SRS resource. Although any desired pattern can be obtained, but the signaling overhead is over kill for positioning purpose to specify a diagonal pattern. Instead, we propose to introduce a new higher layer parameter which may be called ‘RE offset’ to indicate the inter-symbol comb offset between any two consecutive SRS symbols.  In addition, for positioning, the parameter ‘comb offset’ should no longer indicate a fixed RE position across all symbols, but instead indicate the lowest RE position of the first symbol in a SRS resource. Compared to the existing specification of SRS RE mapping, some minor modifications to generate a staggered pattern for SRS resource are as follow. 
	The frequency-domain starting position of SRS is defined by


where

where
· 
is ‘comb offset’ which represents the lowest RE position in a RB of first symbol 
· 
is the inter-symbol comb offset between any two consecutive SRS symbols
· 

, which is same as the existing specification and represents the sequential SRS symbol number, counted from the start of SRS resource. For the start symbol of the SRS resource, 




Proposal 1: When configuring staggered pattern of SRS resource for positioning, introduce a new higher layer parameter to indicate the inter-symbol comb offset between any two consecutive SRS symbols.
Proposal 2: When configuring staggered pattern of SRS resource for positioning, add a new definition of ‘comb offset’ which represents the lowest RE position in a RB of first symbol.
[bookmark: Pro12][bookmark: Pro9]In our contribution [3] in last RAN1#97 meeting, we evaluated the performance of some typical patterns of SRS with extended comb size and symbol number. Based on the simulation results, we reached the conclusion that for outdoor scenario such as UMi, there is a clear performance difference between different patterns. And the performance is improved when configured with large comb size and increased SRS symbols such as comb-6, comb-8 and comb-12 structure.  For positioning, the SRS comb size set has been extended from {2, 4} to {2, 4, 8}. 
For the comb sizes of 6 and 12, the number of PRBs may be restricted if currently defined sequences are to be used. This is caused by the length of ZC sequence. Note that, when the length is smaller than 36, the supported ZC sequence lengths in NR are 6, 12, 18, 24 and 30. The required sequence lengths for different bandwidths with comb sizes of 6 and 12 are shown in the following table. 
	
	4 RB
	8 RB
	12 RB
	16 RB
	20 RB
	24 RB
	28 RB
	32 RB
	36 RB

	Comb-6
	8
	16
	24
	32
	40
	48
	56
	64
	72

	Comb-12
	4
	8
	12
	16
	20
	24
	28
	32
	36


It is observed from this table, the required sequence length of comb-6 structure cannot match the length of ZC sequence under certain bandwidth such as 4, 8 or 16 RBs. And for comb-12, the length of ZC sequence under certain bandwidth such as 4, 8,16, 20, 28 and 32 RBs is also not available. Therefore, if comb sizes of 6 and 12 are introduced, several number of PRBs for SRS bandwidth should be excluded or some new ZC sequences should be additionally introduced..
In order to avoid secondary cross-correlation peaks cause by RE holes in frequency domain, the number of SRS symbols should be no less than the comb size. The relationship between the number of OFDM symbols of SRS and comb size should be restricted.
Proposal 3: The number of symbols for SRS resource should be no less than the comb size.
In addition, the maximum number of cyclic shifts for comb-8 structure should be also considered. In NR, in order to increase SRS capacity, it has been agreed that the maximum number of cyclic shift for comb-4 structure is 12.  For comb-4 structure, since the shortest sequence length of the SRS corresponding to the minimum bandwidth is 12, the maximum number of cyclic shift cannot exceed 12. Similarly, for comb-8 structure, the maximum number of cyclic shifts should not exceed the shortest SRS sequence length. Therefore, the maximum number of cyclic shifts for comb-8 structure should be 6.
Proposal 4: The maximum number of cyclic shifts for comb-8 structure should be 6.
In order to randomize the interference between UEs, ‘group hopping’ and ‘sequence hopping’ are introduced when SRS sequence is generated.  The sequences applied to SRS are based on ZC sequence, and ZC sequence further generates base sequence and SRS sequence, where is group number and  is sequence number. The sequence group , where  is SRS sequence identity given by the higher layer parameter sequenceId and  is a formula used to generate ‘group hopping’ which is related to a pseudo-random sequence initialized with  . For a more detailed description of SRS sequence generation, please refer to the appendix. 
In current specification [4], SRS sequence identity  is limited to 10 bit length. The length of may be increased considering that the number of UE increase a lot when SRS used for positioning. However, due to the limited number of ZC sequences, increasing the length of the  does not increase the available sequence number like PN sequence. Therefore, this way doesn’t distinguish more UEs. However, we found that when ‘group hopping’ or ‘sequence hopping’ is applied, increasing the length of makes the group number corresponding to all sequence IDs more average, so the interference between UEs is more random. We did some evaluations about of 10 bits and 16 bits when ‘group hopping’ is applied and compared the distribution of group number  on the same symbol. 
[image: ]     [image: ]
Fig.3 group number distribution of 10 bits                     Fig.4 group number distribution of 16 bits
It can be seen from the above figures, for  of 16 bits, the group number  is evenly distributed between 0 and 30. While for  of 10 bits, the group number  distributed in each interval is quilte different. In some cases, more UEs share the same SRS group number, resulting in severe interference. Therefore, increasing the length of makes the group number more average and the interference between UEs more random. 
Proposal 5: For positioning purpose, the length of SRS sequence ID should be increased.
In NR Rel-15, according to different functionalities, SRS can be used for codebook based transmission, non-codebook based transmission, antenna switching and beam management. One or more SRS resource set(s) can be configured for a UE with one of the above usages. Based on the above discussion, we prefer to introduce a separate SRS resource set for positioning rather than reuse existing SRS functionality so that a flexible and extended SRS design can be made to guarantee uplink positioning accuracy. Therefore, SRS resource set with usage of ‘positioning’ is supported.
Proposal 6: SRS resource set with usage of ‘positioning’ is supported.

New sequence generation
In LTE and NR Rel-15, SRS sequence generation is based on ZC sequence, as ZC sequence has good auto correlation, cross correlation and PAPR properties. However, in NR Rel-16, to reduce PAPR for UL with transform precoding on and pi/2-BPSK modulation, new DMRS sequence are introduced. For new DMRS sequence, when sequence length is larger or equal to 30, Gold sequence is used; otherwise, CGS is used. 
During the SI, it has been clearly shown by multiple sources that the UL positioning performance is much worse than that of DL especially for UMa scenario [5]. One reason we believe is the limited transmit power of UE and hence limited UL coverage for positioning. Thus, motivated by the usage of new DMRS sequence for NR in Rel-16, we investigate the performance of SRS for positioning with different sequence generation.   
Similar to the low PAPR DMRS sequence design in Rel-16, SRS sequence generation can also reuse the new DMRS sequence to further reduce PAPR. Additionally, due to low PAPR property, SRS coverage and positioning accuracy would be enhanced. The PAPR performance comparison between ZC sequence and Gold sequence are depicted in Fig. 5. From the evaluation, it can be seen that Gold sequence provides better PAPR performance than ZC sequence.  
[image: ] [image: ]
[image: ] [image: ]
Fig. 5 PAPR performance between ZC and Gold sequence
Based on the UTDOA evaluation assumption of UMi scenario in [4], we further evaluate positioning performance between ZC sequence and Gold sequence above.  Since the PAPR of Gold sequence above is lower than ZC sequence, it can be assumed that if Gold sequence is used as the uplink positioning sequence, the maximum transmit power of the UE can be improved compared to using ZC sequence. 
For fair comparison, we select 60 UEs with limited positioning performance due to low uplink coverage. Take the results of PAPR performance in Fig. 5 into account, we first compare the positioning performance of the two sequences in the case where the transmit power of Gold sequence is 1 dB higher than that of ZC sequence which is depicted in the left side of Fig. 6. It is observed that 1 dB boosting of transmission power lead to a better performance of Gold sequence than that of ZC sequence. When the transmit power of Gold sequence is improved by 2 dB, while ZC sequence still maintains the original transmit power, an even larger performance gain of Gold sequence with 2 dB boosting is observed. It is confirmed that the uplink positioning sequence with lower PAPR can achieve better positioning performance, especially in the case where the uplink coverage is limited. Therefore, based on our evaluation results, we propose to reuse DMRS sequence for DFT-s-OFDM waveform based PUSCH for pi/2-BPSK modulation agreed in Rel-16 for SRS sequence generation for positioning.
In addition, the pi/2-BPSK modulation sequence which is based on the Gold sequence has large sequence size compared to ZC sequence. This property is beneficial for positioning as it can guarantee different sequences for different UEs.
 [image: ][image: ]
Fig. 6 Positioning performance between Gold sequence (1dB (left) and 2dB (right) transmit power boosting) and ZC sequence
[bookmark: Pro11]Proposal 7: In addition to ZC sequence, support to reuse low PAPR RS agreed in Rel-16 MIMO for SRS sequence generation for positioning.
There is no need to search any new sequence if reusing the existing DMRS sequence for DFT-s-OFDM based PUSCH. Thus only a new signaling for UE is needed to indicate the sequence currently in use. This will not introduce too much signaling overhead at all especially if the SRS sequence indicator is contained in the RRC signaling for positioning. The gNB RX procedure can be the same as the existing SRS.
Conclusion
In this contribution, we discuss UL SRS enhancements for positioning with the following proposals:
Proposal 1: When configuring staggered pattern of SRS resource for positioning, introduce a new higher layer parameter to indicate the inter-symbol comb offset between any two consecutive SRS symbols.
Proposal 2: When configuring staggered pattern of SRS resource for positioning, add a new definition of ‘comb offset’ which represents the lowest RE position in a RB of first symbol.
Proposal 3: The number of symbols for SRS resource should be no less than the comb size.
Proposal 4: The maximum number of cyclic shifts for comb-8 structure should be 6.
Proposal 5: For positioning purpose, the length of SRS sequence ID should be increased.
Proposal 6: SRS resource set with usage of ‘positioning’ is supported.
Proposal 7: In addition to ZC sequence, support to reuse low PAPR RS agreed in Rel-16 MIMO for SRS sequence generation for positioning.
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Appendix
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. The cyclic shift  for antenna port  is given as 

,





where  is contained in the higher layer parameter transmissionComb. The maximum number of cyclic shifts is  if  and  if .


The sequence group  and the sequence number  in clause 5.2.2 depends on the higher-layer parameter groupOrSequenceHopping in the SRS-Config IE. The SRS sequence identity  is given by the higher layer parameter sequenceId in the SRS-Config IE and  is the OFDM symbol number within the SRS resource.
-	if groupOrSequenceHopping equals 'neither', neither group, nor sequence hopping shall be used and 


-	if groupOrSequenceHopping equals 'groupHopping', group hopping but not sequence hopping shall be used and 



	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.
-	if groupOrSequenceHopping equals 'sequenceHopping', sequence hopping but not group hopping shall be used and




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.
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