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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 for CJT and 8Tx based on the agreements. 
2 SRS Enhancement for CJT
[bookmark: OLE_LINK1]In TDD CJT (Coherent Joint Transmission) scenario, UE transmits an SRS towards multiple TRPs involved in downlink CJT, then gNB determines the downlink precoder for PDSCH/PDCCH CJT based on the received SRS. For example, as illustrated in Figure 1, TRP1 and TRP2 are CJT TRPs for UE2, where TRP1 and TRP2 are coordinating and serving TRPs, respectively. UE2 transmits SRS2 towards TRP1 and TRP2, then gNB determines the DL CJT precoder and implements DL CJT based on the received SRS.
In ideal implementation of CJT, all UEs including serving UEs and CJT UEs in the serving cell of each TRP should be allocated with orthogonal SRS resources. Thereby, SRSs transmitted from different UEs do not interfere each other. For instance, in Figure 1, SRS1 transmitted from UE2 will not interfere SRS transmitted from other UEs in the serving cells of TRP1 and TRP2. However, allocating orthogonal SRS resources to more UEs in a larger area, e.g., allocating orthogonal SRS resources to UEs within two overlapping cells, remains a big challenge in practical implementation. So, if the SRS resource of CJT UE is determined by one of the CJT TRPs, the SRS transmitted from CJT UE may cause interference for other CJT TRPs. To avoid persistent strong interference, CS hopping and/or comb offset hopping are introduced to further randomize the interference.
[image: ]
[bookmark: OLE_LINK39]Figure 1 Diagram of CJT TRP architecture 
2.1 SRS interference randomization
2.1.1 Separate CS hopping and comb offset hopping
Regarding CS hopping and comb offset hopping, the following agreements were reached in RAN1#112 and RAN1#112b-e meetings. 
	Agreement (RAN1#112)
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
Agreement (RAN1#112b-e)
For SRS comb offset hopping and/or cyclic shift hopping, for a SRS resource, the hopping pattern initialization ID determined by , where  is a new ID for cyclic shift hopping and/or comb offset hopping.
· The range of the new ID is from 0 to 1023


[bookmark: OLE_LINK33][bookmark: OLE_LINK34]According to the agreements, at least separate CS hopping and comb offset hopping are supported for interference randomization in Rel-18. Then a critical issue is to define the hopping functions for CS hopping and comb offset hopping. A straightforward way is to follow the legacy hopping function of group/sequence hopping. In this way, the hopping functions of CS hopping and comb offset hopping can be expressed in the following formulas


where c(i) is a pseudo-random sequence initialized by the new ID , M is a fixed value denoting the number of consecutive bits extracted from c(i) to derive the hopping pattern.
Theoretically, we can set different M for different  or . However, this kind of design is quite complex and redundant. For the sake of simplicity, we can set two individual M for CS hopping and comb offset hopping, respectively. Then M should satisfy the following restrictions:
· For CS hopping, ;
· For comb offset hopping, ;
A simplified solution is to set one common M for both CS hopping and comb offset hopping. In this situation, M should satisfy that
· 
Proposal 1: By referring to the legacy group hopping scheme, the hopping functions of separate CS hopping and comb offset hopping should be defined as


· M is a fixed value, CS hopping and comb offset hopping can use one common M or two individual M.
2.1.2 Combined CS hopping and comb offset hopping
Due to limited CS/comb offset resources (especially when , and ) , separate CS hopping and comb offset hopping may NOT provide sufficient interference randomization. If separate CS hopping and comb offset hopping are limited to a subset of CS/comb offset resources to support the backward compatibility of legacy UEs, this issue would become more serious. To address this issue, the combination of CS hopping and comb offset hopping is needed.
For combined CS hopping and comb offset hopping, the hopping is implemented over a 2-D resource map of size . By following legacy group/sequence hopping, the hopping function of combined CS and comb offset hopping can be expressed in the following formulas



where c(i) is the pseudo-random sequence initialized by the new ID , M is the number of consecutive bits extracted from c(i) to derive the hopping pattern.
For the sake of simplicity, a common M can be set for all combinations of  and . 

Proposal 2: Combined CS hopping and comb offset hopping should be supported to further randomize the interference, and the hopping function can be expressed in the following formula



· [bookmark: OLE_LINK36][bookmark: OLE_LINK35][bookmark: OLE_LINK32]M is a fixed value, and a common M can be used for all combinations of  and .
2.1.3 Subset for hopping
Considering the coexisting of legacy and new UEs within a cell, when legacy SRS ports and Rel-18 SRS ports are scheduled on overlapping OFDM symbols, they may collide with each other when CS hopping and/or comb offset hopping are configured for the Rel-18 SRS ports. To avoid the above collision, legacy SRS ports and new SRS ports should be scheduled on non-overlapping OFDM symbols, i.e., TDMed. However, this would seriously reduce the scheduling flexibility at gNB side, especially when repetition or TDM scheme is configured for these SRS ports.
To address this issue, the newly introduced CS hopping and comb offset hopping should be limited within a CS/comb offset subset. As illustrated in Table 1, when legacy SRS ports and Rel-18 SRS ports configured with comb offset hopping are scheduled on a common symbol, if the legacy SRS ports occupy comb offsets 1 and 3, the comb offset hopping of Rel-18 SRS port should be limited within the comb offset subset {0, 2}. At time 1, Rel-18 SRS ports {1000, 1002, 1004, 1006} and {1001, 1003, 1005, 1007} are mapped to comb offset 0 and 2, respectively. At time 2, Rel-18 SRS ports {1001, 1003, 1005, 1007} and {1000, 1002, 1004, 1006} are mapped to comb offset 0 and 2, respectively. Thereby, the orthogonality between legacy and Rel-18 SRS ports is guaranteed. Similarly, CS hopping can be limited within a CS subset to support the coexisting of legacy and Rel-18 SRS ports when they are configured on overlapping symbols and sub-carriers.
Table 1 Illustration of comb offset hopping within a comb offset subset
	Comb offset 0
	Rel-18 UE 
(ports 1000 + 0, 2, 4, 6)
	
	Comb offset 0
	Rel-18 UE 
(ports 1000 + 1, 3, 5, 7)

	Comb offset 1
	Legacy UE 
(ports 1000 + 1, 3)
	
	Comb offset 1
	Legacy UE 
(ports 1000 + 1, 3)

	Comb offset 2
	Rel-18 UE 
(ports 1000 + 1, 3, 5, 7)
	
	Comb offset 2
	Rel-18 UE
 (ports 1000 + 0, 2, 4, 6)

	Comb offset 3
	Legacy UE 
(ports 1000 + 0, 2)
	
	Comb offset 3
	Legacy UE 
(ports 1000 + 0, 2)

	Time 1
	
	Time 2


Nevertheless, as shown in Table 1, when separate CS and comb offset hopping are limited within a CS/comb offset subset, the available resources in the subset can be very scarce. This would lead to a significant reduction of the diversity of the pattern of CS hopping and comb offset hopping, and result in a degradation of interference randomization.
The shortage of available resources within the subset can be significantly addressed, if combined CS hopping and comb offset hopping is supported. As illustrated in table 2, when legacy and Rel-18 SRS ports are configured on a common OFDM symbol, and legacy SRS ports occupy the yellowed resources, the combined CS hopping and comb offset hopping can be limited within a much larger resource subset which comprises all the uncolored 2-D resources. Over time, Rel-18 SRS ports can walk through a lot of possible frequency-code domain patterns. In this way, the orthogonality between legacy and Rel-18 SRS ports is guaranteed, and the interference randomization does not degrade.
Table 2 Illustration of combined CS hopping and comb offset hopping within a 2-D resource subset
	Rel-18 UE
	Legacy UE



	SRS Port index
	CS 0
	CS 1
	CS 2
	CS 3
	CS 4
	CS 5
	CS 6
	CS 7
	CS 8
	CS 9
	CS 10
	CS 11

	Comb offset 0
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	Comb offset 1
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	1003
	
	

	Comb offset 2
	
	1001
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	1005
	
	
	1007
	

	Comb offset 3
	1000
	
	
	
	
	
	1002
	
	
	
	
	


Time1
	SRS Port index
	CS 0
	CS 1
	CS 2
	CS 3
	CS 4
	CS 5
	CS 6
	CS 7
	CS 8
	CS 9
	CS 10
	CS 11

	Comb offset 0
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	1004
	
	
	1006
	

	Comb offset 1
	
	
	
	1001
	
	
	
	
	
	1003
	
	

	Comb offset 2
	
	
	1001
	
	
	1003
	
	
	1005
	
	
	1007

	Comb offset 3
	1000
	
	
	
	
	
	1002
	
	
	
	
	


Time2
	SRS Port index
	CS 0
	CS 1
	CS 2
	CS 3
	CS 4
	CS 5
	CS 6
	CS 7
	CS 8
	CS 9
	CS 10
	CS 11

	Comb offset 0
	
	
	
	
	
	
	
	
	
	
	
	

	Comb offset 1
	
	1000
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	1002
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	1003
	1006
	

	Comb offset 2
	
	
	
	
	
	
	
	
	
	
	
	

	Comb offset 3
	1000
	
	1001
	
	
	1003
	1002
	
	1005
	
	
	1007


Time 3 
Proposal 3: Regarding SRS enhancement for interference randomization, a resource subset should be configured for separate/combined CS hopping and comb offset hopping, in order to support the backward compatibility of legacy UEs.
3 SRS enhancement for 8 TX UL operation 
In previous meetings, SRS with and without TDM scheme were both supported for 8 TX UL operation. In the following, we discuss the issues related to non-TDM SRS and TDM SRS separately.
3.1 Non-TDM scheme
The following agreements were reached in RAN1#112b-e meeting for non-TDM SRS port mapping.
	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), and when the resource is configured with comb  and with maximum  cyclic shifts per comb offset, the number of comb offset(s) and the cyclic shift locations are determined based on the one RRC configured cyclic shift location  as follows:
· If , then 1 comb offset is used, otherwise 2 comb offsets are used. 
· The 8 cyclic shift locations for the 8 ports are {) mod ) mod , reusing the existing equation  in 38.211 6.4.1.4.2.
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), and when the resource is assigned with comb 4 or comb 8, decide one of the following options:
· Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
· For comb =4, . For comb =8, . For port , .
· Option 2: the cyclic shift positions are unaligned across the comb offsets on the same OFDM symbol for comb 4, and the cyclic shift positions are aligned on only 2 of the 4 comb offsets on the same OFDM symbol for comb 8.
· For comb =4, . For comb =8, .  Example: For port , 
· FFS equation details.
· FFS: potential impact on PAPR, if any.


As in the first agreement above, when non-TDM SRS are configured with transmission comb 2 and mapped onto 2 comb offsets, unaligned CSs are used across different comb offsets. In our view, this CS allocation strategy should be straightforwardly reused, when the transmission comb is configured as 4 or 8. Especially, when the transmission comb is configured as 4, there exist 12 available CSs and each SRS port can be allocated with an individual CS. If aligned CSs are used across different comb offsets, it would be a waste of CS resources. Furthermore, from technical perspective, this CS allocation strategy is beneficial for avoiding the potential PAPR issue. 
Proposal 4: For non-TDM SRS, when the transmission comb is configured as 4 or 8, support option 2, i.e., allocate unaligned CSs to SRS ports mapped onto different comb offsets.
3.2 TDM scheme
In this subsection, we discuss the issues related to TDM SRS, including the aspects of port splitting, comb offset hopping behavior for TDM SRS, power control and collision handling.
3.2.1 Port splitting scheme
The following agreements were reached in RAN1#112 and RAN1#112b-e meetings.
	Agreement (RAN1#112)
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 (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.


Regarding the TDM factor s, if s = 8, 8 SRS ports would be split into 8 groups, i.e., each port group contains one SRS port. Sine no technical benefit and necessity is identified, s = 8 should NOT be supported. Considering s = 4 causes similar spec impacts as s = 2, s=4 should be supported in addition to s=2. More importantly, if PA architecture allows, s=4 can support higher transmission power for each SRS port than s=2, which is beneficial to sounding operation at cell edge. If s=4 is not supported for 8-Tx TDM SRS in Rel-18, it is hard to reconsider this enhancement in the future. So we suggest to support s=4.
From technical perspective, port splitting actually 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 common panel or a common coherent port group should be split into a common subset and mapped onto a common OFDM symbol. This strategy should also be adopted for non-TDM SRS when mapping different subsets of ports onto different comb offsets, i.e., ports belong to a common panel or a common coherent port group should be split into a common subset mapped onto a common comb offset. Therefore, the port splitting scheme for non-TDM SRS in the second agreement above should be reused for TDM SRS, i.e.,
· If s=2, ports {1000, 1002, 1004, 1006} are split into the first subset, and {1001, 1003, 1005, 1007} into the second subset;
· If s=4, ports {1000, 1004} are split into the first subset, {1001, 1005} into the second subset, {1002, 1006} into the third subset, and {1003, 1007} into the fourth subset.
Proposal 5: Regarding the TDM factor s, we support s=4 but do NOT support s=8.
Proposal 6: Regarding the port splitting scheme of TDM SRS, reuse the port splitting scheme of non-TDM SRS, i.e.,
· If s=2, ports {1000, 1002, 1004, 1006} are split into the first subset, and {1001, 1003, 1005, 1007} into the second subset;
· If s=4, ports {1000, 1004} are split into the first subset, {1001, 1005} into the second subset, {1002, 1006} into the third subset, and {1003, 1007} into the fourth subset.
3.2.2 Comb offset hopping for TDM SRS
Regarding the subcarriers used to transmit the TDM SRS, the following agreement was reached in RAN1#112b-e. In the second bullet of the agreement, it was agreed to further study the scenario where comb offset hopping is configured for TDM SRS.
	Agreement 
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}), the SRS transmissions within each of the m/s groups of {1, 2, …, s} use the same set of subcarriers. If consecutive groups of {1, 2, …, s} are configured as repetition, then the SRS transmissions of the consecutive groups use the same set of subcarriers.
· Note: applicable to the SRS resource with or without FH/RPFS.
· FFS the scenario where comb offset hopping is configured for the SRS resource.


When TDM SRS mapped on m OFDM symbols is configured with comb offset hopping, there are two options for the time-domain hopping behavior:
· Option 1: The time-domain hopping behavior is based on the symbol index l’ of each of the m symbols;
· Option 2: The time-domain hopping behavior is based on the symbol index l’ of the first symbol across the m symbols.
Similar issue was discussed in the case where non-TDM SRS is configured with repetition, and both options have pros and cons. Option 1 is beneficial for maintaining orthogonality among different SRS ports over a common symbol, and option 2 is beneficial for improving channel estimation accuracy. Since the orthogonality among different SRS ports is guaranteed by the scheduling of gNB, the adopted time-domain hopping behavior should be configured via RRC, and UE should indicate whether it supports one or both options.
Proposal 7: For TDM SRS configured with comb offset hopping, 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}), the time-domain hopping behavior depends on each symbol index l’ of each symbol or the first symbol across the m symbols based on RRC configuration.
· Via UE capability signaling, UE can indicate whether it supports one or both of the options.
3.2.3 Power control for TDM on TDMed symbols
Regarding power control for TDM SRS, it was discussed in the last RAN1 meeting, but no agreement was reached unfortunately. According to FL’s guidance, this issue will be discussed in RAN1#113 based on the following proposal. 
	Proposal 3.2.3E: (by FL) 
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 > 1, the UE splits a linear value  of SRS transmission power equally across the SRS ports configured on each OFDM symbol, if the UE is capable of transmitting at   per OFDM symbol, where  is specified in the current specifications.
· FFS the cases where the UE is not capable of transmitting at    per OFDM symbol.
· FFS: whether TDM is applicable to these cases or not.
· FFS: whether to introduce power scaling factor for the linear value of SRS transmission power or Pcmax.
· FFS: whether to define a new maximum transmission power for SRS (e.g., ) or to reuse the current  maximum transmission power of PUSCH.
· FFS: Whether to maintain the same SRS transmission power over the m OFDM symbols.
· FFS: Whether to consider the UE with unbalanced PA (e.g. 20+20+14+14+14+14+14+14 dBm), which may lead to different max power levels in different symbols. 


In the above proposal, “to reuse the current PCMAX” is a NOT complete solution, and should be combined with the second FFS bullet “whether to introduce power scaling factor for the linear value of SRS transmission power or Pcmax” Besides, the second FFS bullet actually comprises two independent solutions. To make the proposal clearer, we suggest the following modification:
	Proposal 3.2.3E: (modified) 
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 > 1, the UE splits a linear value  of SRS transmission power equally across the SRS ports configured on each OFDM symbol, if the UE is capable of transmitting at   per OFDM symbol, where  is specified in the current specifications.
· FFS the cases where the UE is not capable of transmitting at    per OFDM symbol.
· FFS: whether TDM is applicable to these cases or not.
· FFS: whether to introduce power scaling factor for the linear value of SRS transmission power and reuse current .
· FFS: whether to introduce a scaling factor for current .
· FFS: whether to define a new maximum transmission power for SRS (e.g., ) or to reuse the current  maximum transmission power of PUSCH.
· FFS: Whether to maintain the same SRS transmission power over the m OFDM symbols.
· FFS: Whether to consider the UE with unbalanced PA (e.g. 20+20+14+14+14+14+14+14 dBm), which may lead to different max power levels in different symbols. 


Then in the cases where UE is not capable of transmitting at PCMAX on each OFDM symbol, there are four solutions corresponding to the four FFS bullets, respectively. 
· Solution 1: Do NOT support the configuration of TDM scheme in these cases.
· Once a UE supports TDM SRS, it is assumed capable of transmitting at PCMAX per OFDM symbol. Then the requirement for enabling TDM SRS is that the PA capability of each port is equal to or higher than 17dBm when s=2. This is the simplest solution.
· Solution 2: Introduce a power scaling factor  for the SRS transmission power , i.e., , and keep current PCMAX. This solution follows the mechanism of full-power mode-2 PUSCH transmission scheme.
· The power scaling factor  for each symbol is determined as 1 or 1/s, depending on whether the UE is capable of transmitting at  on the symbol. If the power scaling factor  is determined as 1,   is equally split across the 8/s SRS ports configured on the symbol, and power boosting is achieved. If the power scaling factor  is determined as 1/s,  is equally split across the 8/s SRS ports configured on the symbol, and no power boosting is achieved.
· Solution 3: Introduce a power scaling factor  for current PCMAX, i.e., .
· In this solution, the power scaling factor  is determined by the same method as in solution 2. Then the SRS transmission power on each symbol is  and  is equally split across the SRS ports configured on the symbol. Compared with solution 2, solution 3 can better utilize the PA capability. For example, if s=2 and the PA configuration is {14+14+14+14+14+14+14+14} dBm, the power scaling factor is determined as  for both solution 2 and solution 3 on the 2 TDMed symbols. Assuming , when solution 3 is adopted,  and the transmission power for the 8 SRS ports are {14+14+14+14+14+14+14+14} dBm. While when solution 2 is adopted,  dBm and the transmission power for the 8 SRS ports are {11+11+11+11+11+11+11+11} dBm. In this example, solution 3 achieves power boosting, but solution 2 does not.
· Solution 4: Define a new maximum transmission power for TDM SRS (e.g., ). This solution works similarly to solution 3 in power splitting. To our understanding, this solution is the most straightforward way, but it has the following drawbacks:
· It may need RAN4 to consider how to define this max power for TDM SRS particularly. If s=4 is supported, the maximum power for TDM SRS for s=4 may be different from that for s=2, which may require a lot workload for RAN4. 
· In addition, PCMAX is defined in RAN4, and it is not an exact value, but is defined within a range. Therefore, gNB cannot know the exact value of PCMAX which is up to UE implementation to some extent. Similar to real PCMAX for PUSCH which needs to be reported via a MAC CE together with a real PHR, the real PCMAX for SRS which is different from PCMAX for PUSCH may also need to be reported, e.g., via a PHR MAC CE. This may cause workload for RAN1 and RAN2. 
Considering the high spec complexity, we suggest to preclude solution 4 at first. In comparison, solution 3 simply introduces a power scaling factor for current PCMAX, and can well utilize the PA capability. Therefore, in our views, solution 3 should be prioritized over others. Solution 2 just follows the mechanism of full-power mode-2 PUSCH transmission, it is easy to implement and can also handle the power control issue for TDM SRS. Hence, solution 2 can be considered with the second priority. Although solution 1 sets a higher requirement of PA capability for TDM SRS, it is the simplest scheme and the requirement is actually realistic. So, solution 1 is also acceptable, and can be considered with the lowest priority. 
Proposal 8: Regarding power control for TDM SRS, when UE is not capable of transmitting at PCMAX per OFDM symbol, one of the following solutions should be adopted:
· Solution 1: Do not support the configuration of TDM scheme.
· Solution 2: Introduce a power scaling factor  for the SRS transmission power , i.e., , and keep current PCMAX.
· Solution 3: Introduce a power scaling factor  for current PCMAX, i.e., .
· The priorities of these solutions should be: solution 3 > solution 2 > solution 1.
Proposal 9: Regarding power control for TDM SRS, the following solution 4 should be precluded due to high spec complexity.
· Solution 4: Define a new maximum transmission power for TDM SRS (e.g., ). 
Regarding “FFS: whether to maintain the same SRS transmission power over the m OFDM symbols”, 
· If adopt solution 1, once TDM scheme is configured, SRS can be transmitted by splitting the linear value  of SRS transmission power equally across the SRS ports configured on each OFDM symbol, that means the SRS transmission power is equal across the m symbols. 
· If adopt solution 2 or 3, the power scaling factor can be determined individually for each symbol. If the power scaling factors are different across different symbols, we prefer to allow different SRS transmission power across different symbols.
· If adopt solution 4, the new maximum transmission power for TDM SRS (e.g., ) can be determined individually for each symbol. If the maximum SRS transmission power is different across different symbols, to fully utilize PA capability, we prefer to allow different SRS transmission power over different symbols.
Proposal 10: Regarding power control for TDM SRS, if one of solutions 2~4 is adopted, we prefer to allow different SRS transmission power across the m TDMed symbols when it is applicable. 
3.2.4 Collision handling for TDM SRS
Regarding collision handling for TDM SRS, the following agreement was reached in RAN#112b-e meeting.
	Agreement 
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, study at least the following solutions:
· Whether or not a UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}, based on, for example, the usage, coherency, and/or repetition configuration.
· Whether or not a UE changes the transmission order of the subsets of ports.


Regarding the first bullet in the agreement, it is pointed out that if the SRS usage is configured as “codebook”, when a subset of the s TDMed symbols within a group of {1, 2, ..., s} is dropped, other symbols whose carried SRS ports are coherent with the dropped SRS ports should also be dropped. However, as discussed in section 3.2.1, SRS ports belonging to a same coherent group should be split into a same port group and mapped onto a same symbol. In this way, if one of the s TDMed symbol is dropped, all SRS ports within a same coherent group are dropped, then SRS ports mapped onto other TDMed symbols should be transmitted normally. In other words, each of the s TDMed symbol should be considered dropped or transmitted independently.
In the cases where repetition is configured, it is unlikely that all symbols carrying a same subset of SRS ports are dropped. Therefore, SRS ports mapped onto other symbols should be transmitted normally, i.e., each of the TDMed symbols should be considered dropped or transmitted independently, then all the 8 SRS ports can be sounded. Figure 2 shows 2 examples, where m = 4, s = 2, and R = 2. In the case 1, the first and second symbols collide with other signals, but the SRS ports mapped onto the third and forth symbols can be transmitted normally. In such case, all the 8 SRS ports are sounded. In case 2, the second and third symbols collide with other signals, but the SRS transmission on the first and fourth symbols can be transmitted normally, then all the 8 SRS ports are sounded.
[image: ]
Figure 2 Illustration of collision when repetition is enabled
Proposal 11: Regarding collision handling for TDM SRS, each of the TDMed symbols should be considered dropped or transmitted independently.
Regarding the second bullet in the agreement, since collision happens independently for different SRS transmission occasions, changing the transmission order of the s subsets of ports cannot avoid the same subset of ports being dropped for different SRS transmission occasions. Figure 3 gives an example, where m = 2 and s = 2. At time1, port subsets {1, 2} are mapped onto symbols {1, 2}, respectively, collision happens at symbol 2 and ports within subset 2 are dropped. At time 2, port subsets {1, 2} are mapped onto symbols {2, 1}, respectively, but, while collision happens at symbol 1, ports within subset 2 are dropped again. Therefore, changing the transmission order of the subsets of ports for different SRS transmission occasions should NOT be supported.
[image: ]
Figure 3 Illustration of changing transmission order of the subsets of ports
Proposal 12: Regarding collision handling for TDM SRS, changing the transmission order of the subsets of ports for different SRS transmission occasions should NOT be supported.
4 Conclusion
In this contribution, we provide our views on Rel-18 SRS enhancement. Observations/ Proposals are listed as follows. 
Proposal 1: By referring to the legacy group hopping scheme, the hopping functions of separate CS hopping and comb offset hopping should be defined as


· M is a fixed value, CS hopping and comb offset hopping can use one common M or two individual M.
Proposal 2: Combined CS hopping and comb offset hopping should be supported to further randomize the interference, and the hopping function can be expressed in the following formula



· M is a fixed value, and a common M can be used for all combinations of  and .
Proposal 3: Regarding SRS enhancement for interference randomization, a resource subset should be configured for separate/combined CS hopping and comb offset hopping, in order to support the backward compatibility of legacy UEs.
Proposal 4: For non-TDM SRS, when the transmission comb is configured as 4 or 8, support option 2, i.e., allocate unaligned CSs to SRS ports mapped onto different comb offsets.
Proposal 5: Regarding the TDM factor s, we support s=4 but do NOT support s=8.
Proposal 6: Regarding the port splitting scheme of TDM SRS, reuse the port splitting scheme of non-TDM SRS, i.e.,
· If s=2, ports {1000, 1002, 1004, 1006} are split into the first subset, and {1001, 1003, 1005, 1007} into the second subset;
· If s=4, ports {1000, 1004} are split into the first subset, {1001, 1005} into the second subset, {1002, 1006} into the third subset, and {1003, 1007} into the fourth subset.
Proposal 7: For TDM SRS configured with comb offset hopping, 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}), the time-domain hopping behavior depends on each symbol index l’ of each symbol or the first symbol across the m symbols based on RRC configuration.
· Via UE capability signaling, UE can indicate whether it supports one or both of the options.
Proposal 8: Regarding power control for TDM SRS, when UE is not capable of transmitting at PCMAX per OFDM symbol, one of the following solutions should be adopted:
· Solution 1: Do not support the configuration of TDM scheme.
· Solution 2: Introduce a power scaling factor  for the SRS transmission power , i.e., , and keep current PCMAX.
· Solution 3: Introduce a power scaling factor  for current PCMAX, i.e., .
· The priorities of these solutions should be: solution 3 > solution 2 > solution 1.
Proposal 9: Regarding power control for TDM SRS, the following solution 4 should be precluded due to high spec complexity.
· Solution 4: Define a new maximum transmission power for TDM SRS (e.g., ). 
Proposal 10: Regarding power control for TDM SRS, if one of solutions 2~4 is adopted, we prefer to allow different SRS transmission power across the m TDMed symbols when it is applicable. 
Proposal 11: Regarding collision handling for TDM SRS, each of the TDMed symbols should be considered dropped or transmitted independently.
[bookmark: _GoBack]Proposal 12: Regarding collision handling for TDM SRS, changing the transmission order of the subsets of ports for different SRS transmission occasions should NOT be supported.
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