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1 Introduction
In RAN#94, a new Rel-18 WID on MIMO evaluation for DL and UL was approved. In this contribution, we elaborate our views on SRS enhancement targeting CJT and 8-Tx operation based on the agreements. 
2 SRS Enhancement for CJT
[bookmark: OLE_LINK1][bookmark: OLE_LINK39]In this section, we discuss the issues related to SRS interference randomization in CJT.
2.1 Subset configuration for CS / comb offset hopping
In RAN1#113 meeting, it was agreed to configure a comb offset / CS subset for comb offset / CS hopping to support the coexistence of legacy and Rel-18 UEs within a cell.
	Agreement (RAN1#113)
Support configuring a subset of comb offsets when comb offset hopping is configured, and configuring a subset of cyclic shifts when cyclic shift hopping is configured.
· The subset configuration applies to all the port(s) in the SRS resource, and all the port(s) in the SRS resource has (have) the same hopping offset value  on an OFDM symbol.
· This is a UE-optional feature.


Apparently, the purpose of configuring such a subset of comb offset / CSs is to multiplex legacy and Rel-18 SRS ports over a same OFDM symbol. For the subsequent discussions, we have the following two assumptions:
· Assumption 1: When comb offset / CS hopping is not enabled, the legacy and Rel-18 SRS ports configured over a same OFDM symbol do not occupy a same CS at a same comb offset;
· Assumption 2: The legacy and Rel-18 SRS ports configured over a same OFDM symbol share a same transmission comb .
The first assumption is to avoid the collision between legacy and Rel-18 SRS ports, and the second assumption is to simplify the design and implementation of the multiplexing scheme. Of course, the second assumption can be violated, but it would require a very complex scheduling scheme to guarantee the orthogonality among SRS ports.
When comb offset / CS hopping is enabled, the hopping formulas can be simply written as


Where  and  are the comb offset / CS occupied by port  when comb offset / CS hopping is not enabled,  and  are the comb offset / CS hopping offsets, and t denotes the transmission time of SRS.
It is straightforward that configuring a subset of comb offsets / CSs is equivalent to configuring a subset of comb offset / CS hopping offsets. Figures 1 and 2 provide two examples of configuring a subset of comb offsets. In Figure 1, a 2-port legacy SRS resource and a 2-port Rel-18 SRS resource are scheduled over a same OFDM symbol, both the SRS resources are configured with  . When comb offset hopping is not configured, the legacy and Rel-18 SRS resources occupy comb offsets 1 and 0, respectively. To fully use the comb offsets not occupied by the legacy SRS resource, the subset of comb offset hopping offsets can be configured as  Thereby, the comb offset hopping is implemented with a maximum degree of freedom in the premise of maintaining the orthogonality between legacy and Rel-18 SRS ports. In Figure 2, a 4-port legacy SRS resource and a 4-port Rel-18 SRS resource are scheduled over a same OFDM symbol, both the SRS resources are configured with  . When comb offset hopping is not configured, the legacy and Rel-18 SRS resources occupy comb offsets {1, 5} and {0, 4}, respectively. In this case, to fully use the comb offsets not occupied by the legacy SRS resource, the subset of comb offset hopping offsets can be configured as . Similar subset configuration method is also applicable for CS hopping.
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Figure 1 A example of configuring a subset of comb offsets with 
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Figure 2 An example of configuring a subset of comb offsets with 
Note that, each element in the hopping offset subset belongs to {0, 1, ..., } (for comb offset hopping) or {0, 1, ..., } (for CS hopping). Therefore, the hopping offset subset can be indicated by a bitmap of length  or  for comb offset hopping and CS hopping, respectively. E.g., for comb offset hopping, if , a hopping offset subset of {0, 2, 3} can be indicated by a bitmap of {1, 0, 1, 1}. Besides, if the hopping offset subset is set as {0}, there is no comb offset / CS hopping; if the hopping offset is set as {0, 1, ..., }  or {0, 1, ..., }, the comb offset / CS hopping is implemented over all available comb offsets / CSs.
In the cases where multiple Rel-18 SRS resources are multiplexed with legacy SRS resources over a OFDM symbol, all the Rel-18 SRS resources should be configured with a same comb offset / CS subset. When comb offset / CS hopping is enabled, there could always be an offset among the comb offsets / CSs occupied by different Rel-18 SRS resources. Then the orthogonality among SRS ports is guaranteed. Figure 3 gives an example, where two 2-port Rel-18 SRS resources and one 2-port legacy SRS resource configured with  are scheduled over a same OFDM symbol. The two Rel-18 SRS resources occupy comb offsets {0, 2} and the legacy SRS resource occupy comb offset {1}. Note that, the two Rel-18 SRS resources are configured with a same comb offset subset, but they are configured with different comb offset subsets due to their different starting comb offsets. When comb offset hopping is enabled, as shown in Figure 4, there could always be a offset between the comb offsets occupied by the two Rel-18 SRS resources. Then all SRS ports can maintain orthogonal to each other. Similar methods can also be applied for CS hopping.
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Figure 3 An example of comb offset subset configuration where two Rel-18 SRS resources and one legacy SRS resource are scheduled over a same OFDM symbol
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Figure 4 An example of comb offset hopping where two Rel-18 SRS resources and one legacy SRS resource are scheduled over a same OFDM symbol
According to above, for comb offset / CS hopping, a comb offset / CS subset can be configured by RRC parameter comprising a subset of hopping offsets. This simple and straightforward method provides the highest scheduling flexibility at gNB side, and it only costs a small amount of signaling overhead by using a bitmap to indicate the hopping offset subset.
Proposal 1: For comb offset / CS hopping, comb offset / CS subset can be configured by RRC parameter comprising a subset of hopping offsets.
· The subset of hopping offsets can be indicated by a bitmap of length  or  for comb offset hopping and CS hopping, respectively.
2.2 Hopping formula of comb offset / CS hopping
Regarding the hopping formula of comb offset / CS hopping, the following proposal is proposed by FL for the discussion in RAN1#114 meeting.
	Proposal 2.9 (proposed by FL)
For the hopping formula in cyclic shift hopping or comb offset hopping, use: , where , where  is the number of possible values for hopping, and 
· For cyclic shift hopping,  is the OFDM symbol index of SRS within the slot.
· For comb offset hopping,  is the OFDM symbol index of SRS within the slot or the OFDM symbol index of the first symbol across the R repetitions.


As mentioned in the former subsection, the hopping formula of comb offset / CS hopping can be written as a function of hopping offset, and the offset should depend on the transmission time of SRS. Taking the above proposal into consideration, the hopping offset for comb offset / CS hopping can be further written as a function of 


where  and  denote the subsets of comb offset and CS hopping offsets, respectively,  and  denote the fth element in  and , respectively. The expression of  is


where M is an integer, c(i) is a pseudo-random sequence, Y denotes the number of hopping offsets in the hopping offset subset, SFN denotes system frame number, N denotes the maximum system frame number,  denotes the number of slots within a frame,  denote the number of symbols within a slot,  denotes the slot number within a frame, for cyclic shift hopping,  is the OFDM symbol index of SRS within the slot, for comb offset hopping, and  is the OFDM symbol index of SRS within the slot or the OFDM symbol index of the first symbol across the R repetitions.
Regarding the value of M, it should satisfy  so that every hopping offset in the hopping offset subset can be selected. Therefore, M can be determined according to

where q is an integer greater than or equal to 0. 
It is obvious that the occurring frequencies of the hopping offsets would become more uniform for a larger M, but a larger M would also cause higher implementation complexity. Figure 5 plots the standard deviations of the occurring frequencies of hopping offsets with Y = 12 and Y = 6. It is observed that the STD decreases as q increases. A proper selection of q is that STD(q) tends to converge. According to the simulation results, q should be greater than or equal to 4. If q = 4, for the maximum Y = 12,  8.
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(a) Y = 12                                                                               (b) Y= 6
Figure 5 STD of the occurring frequencies of hopping offsets for different q
In the FL’s proposal, M = 8 is fixed for all cases, which guarantees the randomization of comb offset / CS hopping but also causes unnecessary implementation complexity for small Ys. E.g., for Y = 7, M = 7 is large enough. Therefore, M should be determined by Y according to .
Proposal 2: The hopping formula of comb offset / CS hopping should be


where


where 
· M is determined by Y according to , Y is the number of hopping offsets in the hopping offset subset,
· for cyclic shift hopping,  is the OFDM symbol index of SRS within the slot; for comb offset hopping,  is the OFDM symbol index of SRS within the slot or the OFDM symbol index of the first symbol across the R repetitions.
2.3 Time-domain behavior of comb offset hopping when R > 1
[bookmark: OLE_LINK36][bookmark: OLE_LINK35][bookmark: OLE_LINK32]Regarding the time-domain behavior of comb offset hopping when the repetition factor R > 1, the following agreement was reached in RAN1#112b-e meeting, and the following proposal was raised by FL for the discussion in RAN1#114 meeting.
	Agreement (RAN1#112b-e)
For a SRS resource configured with comb offset hopping, if the repetition factor R > 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index l' of each symbol or the first symbol across the R repetitions based on RRC configuration, and FFS configuration details.
· UE can indicate whether it supports one or both the options. Details to be discussed in UE feature.
Proposal (proposed by FL)
For a SRS resource configured with comb offset hopping, if the repetition factor R > 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index l’ of each symbol or the first symbol across the R repetitions based on RRC configuration as follows: 
· When, the time-domain hopping behavior depends on the OFDM symbol index   of each symbol
· Otherwise, the time-domain hopping behavior depends on the OFDM symbol index   of the first symbol across the R repetitions


According to previous discussions in RAN1 meetings, the time-domain behavior of comb offset hopping may destroy the orthogonality among SRS ports scheduled over a same OFDM symbol. Therefore, which time-domain behavior of comb offset hopping is adopted should be indicated by a new RRC parameter and determined by gNB’s scheduling scheme. Besides, there is no technical relation between the time-domain behavior of comb offset hopping and the transmission comb . Hence, the proposal raised by FL should NOT be supported.
Proposal 3: Whether the time-domain comb offset hopping behavior depends on the OFDM symbol index l’ of each symbol or the first symbol across the R repetitions should be indicated by a newly introduced RRC parameter.
3 SRS enhancement for 8-TX UL operation 
In this section, we discuss the issues related to SRS enhancement targeting 8-TX UL operation.
3.1 Port splitting for TDMed SRS
Regarding the port splitting scheme for 8Tx SRS, the following agreements were reached in RAN1#112b-e meeting, and the following proposal was raised by FL for the discussion in RAN1#114 meeting.
	Agreement (RAN1#112b-e)
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), and when the resource is assigned with >1 comb offsets, determine the mapping from the ports to comb offsets as follows:
· If =2, ports {1000, 1002, 1004, 1006} are mapped on the first comb offset, and {1001, 1003, 1005, 1007} on the second comb offset 
· If =4, ports {1000, 1004} are mapped on the first comb offset, {1001, 1005} on the second comb offset, {1002, 1006} on the third comb offset, and {1003, 1007} on the fourth comb offset.
Proposal (proposed by FL)
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s = 2, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot the port, the first subset includes ports {1000,1001,1004,1005}, and the second subset has {1002, 1003, 1006, 1007}.


From technical perspective, the port splitting scheme reflects the mapping relationship between port indices and physical ports belong to different panels or different coherent port groups. In other words, ports belonging to a panel or a coherent port group should be split into a same subset and mapped onto a same OFDM symbol. The same strategy should also be applied for non-TDMed SRS when mapping different subsets of ports onto different comb offsets, i.e., ports belonging to a panel or a coherent port group should be split into a same subset mapped onto a same comb offset. Therefore, the port splitting scheme for non-TDMed SRS in the above agreement should be reused for TDMed SRS, i.e., for TDMed 8-port SRS with s = 2, ports {1000, 1002, 1004, 1006} should be split into the first subset, and {1001, 1003, 1005, 1007} into the second subset. And the proposal raised by FL should NOT be supported.
Proposal 4: Regarding the port splitting scheme of TDMed SRS with s = 2, reuse the port splitting scheme of non-TDMed SRS, i.e., ports {1000, 1002, 1004, 1006} are split into the first subset, and {1001, 1003, 1005, 1007} into the second subset.
3.2 Time-domain behavior of CS / comb offset hopping for TDMed SRS
Regarding the time-domain behavior of comb offset / CS hopping for TDMed SRS, the following proposal was raised by FL for the discussion in RAN1#114 meeting.
	Proposal 3.2.1-3 (proposed by FL)
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when comb offset hopping is configured for the SRS resource, down select from the following options:
· Option 1: The time-domain behavior of cyclic shift hopping and/or comb offset hopping depends on the OFDM symbol index l’ of each symbol.
· Option 2: The time-domain behavior of cyclic shift hopping and/or comb offset hopping depends on the OFDM symbol index l’ of the first of the m OFDM symbol (or the first of the s OFDM symbol).
· Option 3: Do not support cyclic shift hopping or comb offset hopping for 8-port SRS.


First, option 3 should be precluded, because CS / comb offset hopping is also needed for 8-port SRS resources to randomize the inter-TRP inferences. Moreover, the similar issue was also discussed in the case where non-TDMed is configured with R > 1. For CS hopping, option 1 should be supported to maintain the orthogonality among SRS ports scheduled over a same OFDM symbol. For comb offset hopping, option 1 can guarantee the orthogonality among different SRS ports, while option 2 can provide better channel estimation accuracy. Since the orthogonality is guaranteed by gNB scheduling, whether option 1 or option 2 is adopted should be configured by gNB via a newly introduced RRC parameter.
Proposal 5: Regarding the time-domain behavior of comb offset / CS hopping for TDMed SRS
· For CS hopping, option 1 is supported
· For comb offset hopping, both option 1 and option 2 are supported, and UE should report whether it support one or both options
· whether option 1 or option 2 is adopted is configured by gNB via a newly introduced RRC parameter
3.3 Collision handling for TDMed SRS
Regarding collision handling for TDMed SRS, the following proposal was raised by FL for the discussion in RAN1#114 meeting.
	Proposal 3.2.4  (proposed by FL)
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the UE drops the SRS transmission on all of the rest of OFDM symbols within the group of {1, 2, …, s} based on the usage and coherency, and FFS details.


Considering the cases where m/s > 1, it is barely possible that the same SRS ports are dropped for all the m/s groups of s OFDM symbols. As illustrated in Figure 6, 2 subsets of ports are mapped onto m = 4 OFDM symbols according to the pattern {{s = 1, s = 2}, {s = 1, s = 2}}, and there are m/s = 2 groups of {{s = 1, s = 2}}. On the first 2 OFDM symbols, the s = 1 subset of ports are dropped due to collision; while on the second 2 OFDM symbols, the s = 2 subset of ports are dropped due to collision. In this scenario, if we drop all the rest ports on the first and second 2 OFDM symbols, no ports are successfully sounded. However, if we only drop the collided ports, on the first 2 OFDM symbols, the s = 2 subset of ports are normally transmitted; on the second 2 OFDM symbols, the s = 1 subset of ports are normally transmitted. Then all the ports are successfully sounded. Therefore, for TDMed SRS, ports on each TDMed symbol should be transmitted or dropped independently.
[image: ]
Figure 6 Illustration of collision when m/s > 1
Proposal 6: For TDMed SRS, SRS on each TDMed symbol should be transmitted or dropped independently.
4 Conclusion
In this contribution, we provide our views on Rel-18 SRS enhancement. Observations/ Proposals are listed as follows. 
Proposal 1: For comb offset / CS hopping, a comb offset / CS subset can be configured by a RRC parameter comprising a subset of hopping offsets.
· The subset of hopping offsets can be indicated by a bitmap of length  or  for comb offset hopping and CS hopping, respectively.
Proposal 2: The hopping formula of comb offset / CS hopping should be


where


where 
· M is determined by Y according to , Y is the number of hopping offsets in the hopping offset subset,
· for cyclic shift hopping,  is the OFDM symbol index of SRS within the slot; for comb offset hopping,  is the OFDM symbol index of SRS within the slot or the OFDM symbol index of the first symbol across the R repetitions.
Proposal 3: Whether the time-domain comb offset hopping behavior depends on the OFDM symbol index l’ of each symbol or the first symbol across the R repetitions should be indicated by a newly introduced RRC parameter.
Proposal 4: Regarding the port splitting scheme of TDMed SRS with s = 2, reuse the port splitting scheme of non-TDMed SRS, i.e., ports {1000, 1002, 1004, 1006} are split into the first subset, and {1001, 1003, 1005, 1007} into the second subset.
Proposal 5: Regarding the time-domain behavior of comb offset / CS hopping for TDMed SRS
· For CS hopping, option 1 is supported
· For comb offset hopping, both option 1 and option 2 are supported, and UE should report whether it support one or both options
· whether option 1 or option 2 is adopted is configured by gNB via a newly introduced RRC parameter
Proposal 6: For TDMed SRS, SRS on each TDMed symbol should be transmitted or dropped independently.
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