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Introduction
[bookmark: _Ref494215420]In this contribution, we provide our views on SRS enhancement in aspects of interference randomization, capacity enhancement, 8Tx operation etc. 
SRS interference randomization
	Agreement
For SRS interference randomization, support:
· Opt. 3: Both cyclic shift hopping and comb offset hopping. 
· At least the two features can be separately configured
· FFS: Combined cyclic shift hopping and comb offset hopping for a UE
· FFS: Separate or combined with SRS sequence group hopping / sequence hopping 
· FFS: Associated UE capability


Cyclic shift hopping aims randomizing interference in code domain, and comb offset hopping attempt to randomize SRS frequency position. Both methods are independent, and not contradict each other.  High capacity UE can support cyclic shift hopping and comb offset hopping at the same time. Similarly, the SRS sequence group hopping / sequence hopping aims randomizing SRS sequences, which is also relatively independent to cyclic shift hopping and comb offset hopping and thus can simultaneously co-exist. In general, related UE capability can be: Support/not support cyclic shift hopping, support/not support comb offset hopping and support/not support ‘both cyclic shift hopping and comb offset hopping’. 
Proposal 1: Both cyclic shift hopping and comb offset hopping can be simultaneously supported for a UE.
Proposal 2: Cyclic shift hopping and/or comb offset hopping can be combined with SRS sequence group hopping / sequence hopping.
	Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on the pseudo-random sequence c(i), initialized with one of the following IDs.
· Option 1: Reuse the SRS sequence identity .
· Option 2: Introduce new ID(s).
· FFS: the value range, one new ID or two separate new IDs, default ID(s)


The randomization benefit of comb offset hopping depends on the bit sequence of c(i), e.g., every 8 continuous bits within c(i). Meanwhile, randomization on the initialization of c(i) can also bring extra performance enhancement. Currently, the SRS sequence identity  is used to initialization of c(i) for SRS sequence hopping. We incline to introduce new IDs for the purpose of comb offset hopping and/or cyclic shift hopping. Specifically, separate IDs can be configured for comb offset hopping and cyclic shift hopping, respectively.
Proposal 3: Support to introduce new ID(s) for initialization of c(i).
	Agreement
For SRS comb offset hopping and/or cyclic shift hopping, the time-domain hopping behavior depends on at least the slot index  within a radio frame and OFDM symbol index , and select at least one of the following options:
· Option 1: Within a slot, hopping based on the repetition factor  and symbol index that is the same across the R repetitions.
· Option 2: Within a slot, hopping based on only the symbol index .
· Option 3: No intra-slot hopping.
· FFS: Time domain hopping behaviour further depends on system frame number (SFN) .
· FFS:  reinitialization periodicity of N radio frames or reinitialization based on system frame number.
· FFS: Whether to adopt the same option(s) for comb offset hopping and cyclic shift hopping (if supported separately)
· FFS: At least support reinitialization at the beginning of each radio frame. 


The purpose of repetition factor R is trying to enhance SRS reception performance by using same SRS across different symbols in the same frequency positions. If we select other granularities shorter than R for comb offset hopping and/or cyclic shift hopping, e.g., symbol index, same SRS frequency positions cannot be guaranteed. This contradicts with the concept of introducing repetition factor R. Thus, option 1 is better than other solutions.
Proposal 4: Support Option 1 where within a slot hopping based on the repetition factor  and symbol index that is the same across the R repetitions.

8Tx SRS 
	Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s, support the 8 ports equally partitioned into s subsets with each subset having 8/s different ports.
· At least s = 2. 
· FFS: s = 4, s = 8.
· m = 2,4,8, 10,12,14, and m is a multiple of s.
· Each of the m OFDM symbols has only one subset. Reuse the existing resource mapping designed for 8/s ports on each OFDM symbol.
· Including frequency-domain resource allocation and mapping to cyclic shifts. FFS port indexing within the subset of 8/s ports.
· FFS: down selection from existing resource mapping designs
· FFS: which subset of 8/s ports are mapped onto each OFDM symbol.
· FFS: the TDM factor s is configured as an explicit RRC parameter or determined implicitly from other parameters. 
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s ≥ 2, the m OFDM symbols are adjacent, and select one of the following options regarding the TDM pattern:
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols.
· Option 2-2: the s subsets of ports are mapped sequentially as {1, …, 1, 2, …, 2, s, …, s} on the m OFDM symbols.


The TDM factor s can be 2/4 and we have 8 ports. The possible porting mapping pattern into s symbols could be as shown in Figure-1. At least two options exist for s=2 and s=4, respectively.  Further down-selection could be done in this meeting.


Figure 1 the porting mapping pattern for s
Both Option 2-1 and Option 2-2 can realize the mapping relation between TDM factor s and SRS symbol number m. Among all uplink transmissions, the priority of SRS is relatively low meaning it will be partially or whole dropped when colliding with other uplink transmissions. By selection option 2-2, the dropping behavior may result certain ports of SRS cannot be transmitted. For instance, we have a periodic SRS resource with s=4, m=8 colliding with a 4-symbol PUCCH in the last 4 symbols. According to current rules, the last 4 symbols of SRS shall be dropped. Using option 2-2 can result dropping of the ports in 3/4 symbols of s, whereas all ports can be transmitted for option 2-1. Thus, we slightly prefer option 2-1.


Figure 2 Dropping illustration for option 2-1 and option 2-2
[bookmark: _GoBack]Proposal 5: The s subsets of ports are mapped cyclically as {1, 2, … , s,1, 2, …, s} on the m OFDM symbols.
	Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), at least support:
· For comb 2, support 1 and 2 comb offsets
· For comb 4, support 2 and [4] comb offset
· For comb 8, support 4 comb offsets
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy non-TDMed schemes (repetition, frequency hopping, partial sounding, or a combination thereof), 
· Option 2: For comb 4, do not support 4 comb offsets.


As agreed in last meeting, the supported number of comb offset for comb 4 and comb 8 can be 2 and 4, respectively. However, it is not clear that the candidate positions of comb offset hopping, and two options are:
Option-1:  Comb offset hopping is executed among the supported comb offsets;
Option-2:  Comb offset hopping is executed among all potential comb offset candidates.
From our perspective, option-2 has better performance for its randomization and should be supported. 
Proposal 6: Comb offset hopping should be executed among all potential comb offset candidates.

Conclusion
In this contribution, we provide our view on SRS enhancement in Rel-18. The following proposals are achieved:
Proposal 1: Both cyclic shift hopping and comb offset hopping can be simultaneously supported for a UE.
Proposal 2: Cyclic shift hopping and/or comb offset hopping can be combined with SRS sequence group hopping / sequence hopping.
Proposal 3: Support to introduce new ID(s) for initialization of c(i).
Proposal 4: Support Option 1 where within a slot hopping based on the repetition factor  and symbol index that is the same across the R repetitions.
Proposal 5: The s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols.
Proposal 6: Comb offset hopping should be executed among all potential comb offset candidates.
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 [1] 3GPP TS 38.211, “Physical channels and modulation,” v17.2.0, 2022; ftp://ftp.3gpp.org.
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