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In this contribution, we provide our views on flexible A-SRS triggering, and SRS coverage/capacity enhancements.
A-SRS Triggering Offset
RAN1#103-e
Agreement
A given aperiodic SRS resource set is transmitted in the (t+1)-th available slot counting from a reference slot, where t is indicated from DCI, or RRC (if only one value of t is configured in RRC), and the candidate values of t at least include 0. Adopt at least one of the following options for the reference slot.
· Opt. 1: Reference slot is the slot with the triggering DCI.
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.

Agreement
Support at least DCI 0_1 and 0_2 to trigger aperiodic SRS without data and without CSI.
· FFS whether/how to re-purpose the unused fields, e.g., the triggering offset(s) and the frequency resources for triggering A-SRS on one or more component carriers, SFI-index, etc.
· FFS UL/DL DCI with data for aperiodic SRS
· FFS group common DCI 

RAN1#104bis-e
Working Assumption
For DCI indication of “t” in Rel-17 SRS triggering offset enhancement
· For both DCI that schedules a PDSCH/PUSCH and DCI 0_1/0_2 without data and without CSI request
· t is indicated by adding a new configurable DCI field (up to 2 bits)
· Applies only when there are multiple candidate values of t configured
· No further enhancement to indicate “t” for DCI 0_1/0_2 without data and without CSI request at least when the new DCI field is configured



In previous meetings, it is agreed A-SRS is transmitted in the (t+1)-th available slot counting from a reference slot, where information of t (up to 2 bits) is carried in a new configurable field in DCI (working assumption). 

The following need to reach conclusion:
· Definition of reference slot:
From our view, natural interpretation of t is an additional slot offset based on legacy trigger offset (i.e., Opt.2). When the list of t is not configured in RRC, the slotOffset in SRS-ResourceSet indicates the slot location for A-SRS, which also complies with R15/R16 behavior.
· Behaviour when the new DCI field (for t) is not configured:
In this case, either R17 flexible trigger is not supported or it needs to find another way to indicate the t value. As unused fields are available at least for case without data and without CSI request, repurpose unused DCI field is a reasonable solution. 
 
Proposal 1
· Confirm working assumption
· Support reference slot is the slot indicated by the legacy triggering offset (i.e., Opt.2)
· For A-SRS trigger without data and without CSI request, and when the new DCI field is not configured, re-purpose unused DCI field to indicate t
SRS coverage and capacity improvement
RAN1#104-e
Agreement
For Rel-17 SRS capacity and coverage enhancement, support the following
· Increase the maximum number of repetition symbols in one slot and one SRS resource to S
· Support at least one S value from {8, 10, 12, 14}
· FFS other candidate values
· Support to transmit SRS only in  contiguous RBs in one OFDM symbol, where  indicates the number of RBs configured by BSRS and CSRS
· Support at least one PF value from {2, [3], 4, 8}
· FFS other candidate values, e.g., non-integer values for PF
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· No new sequence including length is introduced
· FFS it is applicable to frequency hopping and non-frequency hopping
· FFS detailed signaling mechanism to determine PF and the location of the  RBs
· Support Comb 8
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· FFS whether and if needed, how to use harmonized approach to define the three supported schemes
· Note: other schemes for SRS capacity and coverage enhancements are not supported in Rel-17.

RAN1#104bis-e
Agreement
For increased repetition in Rel-17, support the following N_symbol (number of OFDM symbols in one SRS resource) and R (repetition factor) values
· N_symbol = 8, R = {1, 2, 4, 8}
· N_symbol = 12, R = {1, 2, [3], 4, 6, 12}
· FFS the following configurations
· N_symbol = 10, R = {1, 2, 5, 10}
· N_symbol = 14, R = {1, 2, 7, 14}
· FFS options to reduce SRS BW for R>1

Agreement
For RB-level partial frequency sounding (RPFS) in Rel-17
· The start RB index of the  RBs in the  RBs is , where kF = {0, …, PF-1}
· FFS support start RB location (Noffset) hopping in different SRS occasions, symbols or frequency hopping periods, and if supported, detailed hopping pattern
· Support to determine PF and Noffset at least via RRC configuration per SRS resource.
· FFS whether to introduce DCI and/or MAC CE in addition

Agreement
For RPFS SRS in Rel-17, adopt one of the following alternatives for sequence generation, where no new sequence length other than the ones supported in the current spec is introduced (to be decided in RAN1#105-e)
· Alt 1: Generate length-[image: b] ZC sequence 
· Alt 2: Truncate from legacy length-[image: c] sequence according to the location of RPFS SRS


RB-level partial frequency sounding
It is agreed to introduce parameters  and  for RB-level partial frequency sounding (RBFS) to indicate sequence length and starting RB offset of SRS. 
From our view, ZC sequence should be generate with shorten length , in that case waveform property (like PAPR) is inherited from Rel-15 without worrying about effect of sequence truncation.   
[bookmark: OLE_LINK2]Consider multiple symbols are configured for SRS transmission. In order to better estimate frequency selective channel by partial frequency (therefore lower frequency density) sounding, sub-level frequency hopping in units of RBs (over ) can be supported in the repetition symbols within the same subband (size of  RBs). Figure 1 illustrates idea of this sub-level frequency hopping. 
	[image: ]

	[bookmark: _Ref79070872]Figure 1. Sub-level frequency hopping. R=2, 



One way to implement above is via 38.211 6.4.1.4: 
The length of the sounding reference signal sequence is given by

The frequency-domain starting position  is defined by

where 

where  indicates sub-level frequency offset according to Table 1 and  for each OFDM symbol  defined in 38.211. When RBFS is disabled (equivalently ), . 
[bookmark: _Ref68517530]

Table 1. Sub-level frequency offset 
	
	

	
	
	
	
	
	

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

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



Proposal 2:
· Support generate length-  ZC sequence (i.e., Alt.1)
· Support sub-level frequency hopping (in units of  RBs) in reptition symbols when RB-level  partial freuqnecy sounding is enabled.
Comb 8
[bookmark: OLE_LINK7]Higher comb configuration will make time domain waveform repeated and cause high peaks in autocorrelation. To cope with this, R16 positioning SRS adds different offset () in each OFDM symbol (38.211 Table 6.4.1.4.3-2) . It is nature to apply the same scheme (could be configurable) in R17 SRS. 
Proposal 3:
· Support comb offset () for comb 2,4,8 as in R16 positioning SRS 

Conclusions
Proposal 1
· Confirm working assumption
· Support reference slot is the slot indicated by the legacy triggering offset (i.e., Opt.2)
· For A-SRS trigger without data and without CSI request, and when the new DCI field is not configured, re-purpose unused DCI field to indicate t
Proposal 2:
· Support generate length-  ZC sequence (i.e., Alt.1)
· Support sub-level frequency hopping (in units of  RBs) in reptition symbols when RB-level  partial freuqnecy sounding is enabled.
Proposal 3:
· Support comb offset () for comb 2,4,8 as in R16 positioning SRS  
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