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In this contribution, we provide our views on remaining issues of R17 SRS enhancements.
RB offset hopping for partial frequency sounding
RAN1#106-e
Agreement
Support start RB location (Noffset) hopping in different SRS frequency hopping periods for RPFS and at least periodic/semi-persistent SRS, where  Noffset  is the start RB index of the  RBs in the  RBs.
· For a given SRS transmission occasion,  , where khopping is same for all SRS occasions within a legacy FH period but changes across legacy FH periods, kF and PF are at least configured by RRC signaling (kF = {0, 1, …, PF-1}).
· Support at least one pattern for khopping in time domain, FFS detailed pattern
· Note: the legacy FH period is the period to sound the full SRS hopping bandwidth across the different subbands of  RBs each. 
· This start RB location hopping is enabled or disabled by RRC signaling.
· FFS whether MAC CE or DCI can be additionally used
· When this start RB location hopping is disabled, khopping is fixed to be 0 for all SRS symbols
· This start RB location hopping is UE optional.
· FFS whether start RB location hopping is also applicable on SRS occasion(s) within one FH period (e.g., when R>1) and/or on aperiodic SRS, if so, how

RAN1#106bis-e
Agreement
For the detailed pattern of  when start RB location hopping across legacy FH periods is enabled, support the following
· For PF = 2,  = {0, 1}
· For PF = 4,  = {0, 2, 1, 3}
· Note:  means  for the (n+1)-th legacy FH period, where n = {0, 1, 2, 3, …}

Remaining issue of RB offset hopping of partial frequency sounding is whether to apply within a FH period and/or on aperiodic SRS. 
In aperiodic SRS case, legacy hopping covers more than one FH period has similar effect when using repetition factor R>1 as the same frequency band is visited multiple times. To make the scheme useful even when  is shorter than FH period, the offset hopping can be enabled when repetition factor R>1. This is illustrated in Figure 1 for  in one FH period (right). From our view, enabling offset hopping in A-SRS is more useful since P/SP-SRS has multiple sounding opportunities and it can configure a smaller  without using partial frequency sounding. 
	


	[bookmark: _Ref83835338]Figure 1. . RB offset hopping with symbol repetition R=2 in one FH.  



To make it work for both intra FH period and inter FH period, the offset  can be formulated as 

where  is fixed within a FH period (as in agreement) and  is function of  and  is the symbol index in an SRS resource. Each term can be configured independently.
Proposal 1: 
· Support RB offset hopping for A-SRS when repetition factor R>1
· RB offset hopping  each term corresponds to hopping offset of intra legacy FH period and inter legacy FH period, respectively. 

Comb 8
RAN1#106-e
Agreement
For Comb-8 SRS in Rel-17, down-select one of the following in RAN1#106bis-e
· Alt 1: The maximum number of CSs for Comb-8 is 6
· Alt 2: The maximum number of CSs for Comb-8 is 12, and introduce a rule to restrict applicable CSs when SRS sequence is shorter than the maximum number of CSs

RAN1#106bis-e
Agreement
For comb-8 SRS in Rel-17, the maximum number of CSs is 6.
· FFS: Whether a maximum number of 12 CSs is supported

Comb-8 with  offers maximum 48 orthogonal ports, which is the same as legacy Comb-4 with . From a consideration of available SRS resource, Comb-8 with  can double the totoal number of ports with expense that the resolvable delay window is reduced. Since the main purpose of introducing comb-8 is to increase SRS capacity,  is preferred while reduced delay window should be taken into account and handled in network deployment. 
Proposal 2: Support maximum number of CS 12 for Comb-8
[bookmark: OLE_LINK3][bookmark: OLE_LINK2]When the sequence length is not multiple of , the derived sequences by different CSs are not necessary perfectly orthogonal. Moreover, the correlation is notable when the sequence length is short. So a proper rule to limit applicability should be considered. In order to have well correlation separation between any pair  of ports (derived by different CS), the phase ramping vectors  and  need to be orthogonal, where , , and  is the sequence length. This requires
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Two ways to define the rule are considered below:
1. Sequence length condition
Consider configured sequence length  for some integer  (as  is multiple of 4), to ensure orthogonal condition (1) holds for all , it requires  (i.e.,  is multiple of ). We note that  is restricted to avaliable lengths defined in current specification. One can check that condition is satisfied for R15 (see in Table 2) by letting =1.  
[bookmark: _Ref83912906]Table 2. R15  values and length condition
	
	
	Equivalent condition for 

	2
	8
	8|24m

	4
	12
	12|12m

	8
	6
	6|6m



In R17, we note that this condition may not hold with comb-2/comb-4 since  can be {2,4}. So we need such a rule even for comb-2/comb-4. For example, when comb-4 (), ,  RBs, it uses length-6 sequence while =12, the pair-wise orthogonality cannot be satisfied for all pairs . 
Observation 1: when , pair-wise orthogonality may not be gauranteed for CS  even for comb-2/comb-4  
Proposal 3: When , restriction rule is needed for comb-2/comb-4 to ensure pair-wise orthogonality between two circular-shifted ports
For comb-8, the condition can be simplified to   if   or   if  . A simple rule is to restrict that the applicability of  (therefore ) be based on length condition  hold or not. 
2. [bookmark: OLE_LINK4]Sub-select CS  
Another way to handle the issue is to choose  for each port, such that for every UE, all pair   the condition (1) holds. For example, consider ,  for a 4 ports SRS, instead of using , using   will fulfill the requirement.
Note that with this approach, not all  can be jointly use, so resource are not fully utlitized. Furthermore, this approach requires formula change in 38.211.
From above analysis, restriction based on sequence length condition is simple and preferred.
Proposal 4: For Comb-8 with maximum number of CS 12, the restriction rule is based on sequence length condition 

Conclusions
Proposal 1: 
· Support RB offset hopping for A-SRS when repetition factor R>1
· RB offset hopping  each term corresponds to hopping offset of intra legacy FH period and inter legacy FH period, respectively. 

Proposal 2: Support maximum number of CS 12 for Comb-8
Observation 1: when , pair-wise orthogonality may not be gauranteed for CS  even for comb-2/comb-4  
Proposal 3: When , restriction rule is needed for comb-2/comb-4 to ensure pair-wise orthogonality between two circular-shifted ports
Proposal 4: For Comb-8 with maximum number of CS 12, the restriction rule is based on sequence length condition 
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