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Introduction
In this contribution, remaining issues on SRS enhancements on TDD CJT for interference randomization and capacity enhancement are further analyzed. Besides, potential schemes for 8-port SRS for the usage of codebook /antenna switching are discussed, including how to map a 8-port SRS resource on one symbol, how to support 8-port SRS resource mapped on multiple symbols in TDM manner, and whether to support 8-port SRS by aggregating multiple SRS resources.

SRS enhancement for TDD CJT
For TDD CJT scenario, SRS would be used to estimate the reciprocal channel information for non-PMI based transmission in downlink. However, as the number of UEs increases in the network, collisions would happen between SRS resources transmitted by different UEs, leading to cross-SRS interference. To address the cross-SRS interference issue, two main directions can be considered, i.e., further increase the capacity of SRS and interference randomization for SRS, where many potential schemes have been discussed in the previous meeting.
Cyclic shift hopping vs. comb offset hopping
In the previous meeting, it has been agreed that at least one of cyclic shift hopping and comb offset hopping for SRS would be supported in Rel-18. Further analysis is needed to compare the benefits of these two potential enhancements on SRS for TDD CJT.
	Agreement
For SRS interference randomization, support one from the following options (to be decided in RAN1#112):
· Opt. 1: Cyclic shift hopping
· Opt. 2: Comb offset hopping
· Opt. 3: Both cyclic shift hopping and comb offset hopping
· FFS: details including whether to support separate and/or combined hopping
· FFS: details on UE capability and signaling 
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port,
· FFS: Hopping pattern
· Support at least hopping based on slot index, OFDM symbol index
· FFS: Use of symbol group based on repetition factor 
· FFS: Additional details on intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
· FFS: Re-initialization periodicity 
· Applicable to at least periodic/semi-persistent SRS with usage antennaSwitching
· FFS: Other types of SRS
· FFS: Configuring a subset of comb offsets / cyclic shifts for comb offset hopping / cyclic shift hopping, respectively
· FFS: Combined comb offset hopping and cyclic shift hopping, supporting both, or down selecting one
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 a network-configured ID.
· FFS: The ID could be cell ID , SRS sequence identity , C-RNTI, or a new ID
· FFS: The relation between the legacy group / sequence hopping and the new hopping 


In the current spec, the maximum number of cyclic shifts is different for three types of comb structures, i.e., up to 8 cyclic shifts for comb 2, up to 12 cyclic shifts for comb 4, and up to 6 cyclic shifts for comb 8. Besides, the distance of cyclic shifts between two adjacent ports is also different for the SRS resource with different numbers of SRS ports, since cyclic shifts would be distributed uniformly among SRS ports. The cyclic shift for each port in one SRS resource is fixed after RRC configuration. Therefore, if two SRS resources from two UEs collide on the same time-frequency resources, there would be persistent cross-SRS interference for channel estimation. 
Comb offset hopping
Comb 2/4/8 are supported for one SRS resource with up to 4 ports in the current spec. Due to the comb structure of SRS, comb offset hopping was proposed for cross-SRS interference randomization in the frequency domain. Based on comb offset hopping, SRS can hop in different comb positions based on a specific hopping pattern and related hopping granularity.
However, the room for comb offset hopping is limited. For comb 2, there are only two comb positions for hopping. If two SRS resources have occupied both comb positions separately, comb offset hopping cannot avoid the collision. Besides, for a 4-port SRS resource with comb 2,  if cyclicShift-n2 is configured more than 4 for a larger delay scenario, then this SRS resource would occupy both comb positions. In this case, comb offset hopping still can’t avoid the collision. For comb 4 and comb 8, the candidate comb positions for comb offset hopping is larger than comb 2, but are still limited compared to cyclic shift hopping.
The candidate comb positions for comb offset hopping are limited, which would degrade the randomization benefit provided by comb offset hopping.
Comb offset hopping is useless if all comb positions have been occupied by different SRS ports.
Don’t support SRS comb offset hopping for TDD CJT in Rel-18.
Cyclic shift hopping
To randomize the cross-SRS interference, cyclic shift hopping was proposed as a potential solution in the code domain. Similar to group hopping and sequence hopping for SRS, the cyclic shift would vary in the time domain to provide additional randomization if applying cyclic shift hopping. Since up to 8 cyclic shifts for comb 2, up to 12 cyclic shifts for comb 4, and up to 6 cyclic shifts for comb 8 are supported for SRS, there is more hopping room for cyclic shift hopping, compared with comb offset hopping. However, the key issue is how to determine the rule of cyclic shift hopping, including UE-specific hopping pattern, time-domain granularity, co-existing with legacy SRS resources, and so on.
More hopping room can be provided for cyclic shift hopping, compared with comb offset hopping.
· UE-specific initialization for hopping pattern




In the last meeting, it has been agreed that the hopping pattern is based on the pseudo-random sequence c(i). When cyclic shift hopping is configured, if two SRS resources from two UEs have the same initialization for cyclic shift hopping, then they would still collide with the same cyclic shifts. Therefore, UE-specific initialization should be introduced to make cyclic shift hopping start from different initial cyclic shifts for different UEs. One easy way is to reuse SRS sequence ID for UE-specific initialization, which is similar to group hopping where sequence group index u is determined by . Compared with cell ID , can provide more flexibility for UEs with cyclic shift randomization in the same cell. 

Support sequence ID  as the UE-specific initialization factor.
· Time-domain granularity
After determining the basic hopping pattern, how to define the hopping granularity in the time domain is another key point for any hopping mechanism. Like in group hopping and sequence hopping for SRS, the hopping granularity is per symbol, while in Rel-17 partial sounding, the hopping granularity is per frequency hopping. For cyclic shift hopping, the hopping granularity as per symbol, per R symbols, per frequency hopping occasion, per slot, and even per frequency hopping period should be further discussed. 

In the last meeting, the hopping pattern related to slot index, OFDM symbol index has been agreed. However, hopping granularity would affect the complexity of UE and gNB. Smaller hopping granularity would require more UE complexity when generating SRS, and increase the complexity of SRS channel estimation at the gNB side, though better randomization performance can be achieved. Therefore, the tradeoff between randomization performance and UE/gNB complexity should be considered. From this perspective, hopping per R symbols or per frequency hopping occasion is an appropriate granularity for cyclic shift hopping, e.g., the hopping pattern is related to the SRS counter.
The tradeoff between randomization performance and UE/gNB complexity should be considered when determining the hopping granularity for cyclic shift hopping.
Support the hopping granularity as per R symbols for cyclic shift hopping.
· Co-existing with legacy SRS resources
In the current system, multiple SRS resources from different UEs can be multiplexed on the same time-frequency resource based on orthogonal cyclic shifts. In Rel-18, if the network configures one legacy SRS resource without cyclic shift hopping and Rel-18 SRS resource with cyclic shift hopping on the same time-frequency resource, where their initially configured cyclic shifts are orthogonal. After cyclic shift hopping in the Rel-18 SRS resource, changed cyclic shifts may collide with the cyclic shifts of the legacy SRS resource. That would degrade the channel estimation performance of the legacy SRS resource. 
Fortunately, the collision caused by cyclic shift hopping is temporary in this case. In other words, even if the collision happens, the cross-SRS interference is randomized. To completely void such cases, the network can also configure the legacy SRS and Rel-18 SRS in the different comb positions by implementation. 
Support to handle the co-existing issue with legacy SRS resources by gNB implementation without specification, when cyclic shift hopping is enabled for Rel-18 SRS resources.
Cyclic shift hopping combined with comb offset hopping 
In the previous meeting, cyclic shift hopping combined with comb offset hopping was also proposed. However, the additional benefit of it compared with each hopping scheme separately is not clear. From the perspective of UE, it would increase the complexity for UE to transmit SRS. From the perspective of the network, it would also increase the complexity of SRS channel estimation. 
Moreover, sequence and group hopping in the current spec can also randomize the cross-SRS interference. Thus, the additional restriction should be also considered that cyclic shift hopping can’t be configured with legacy sequence/group hopping together.
The additional benefit of cyclic shift hopping combined with comb offset hopping is limited.
Cyclic shift hopping is not expected to be configured with sequence hopping and group hopping.
Support cyclic shift hopping for TDD CJT, where cyclic shift hopping can only be configured if UE supports TDD CJT transmission.
[bookmark: _Hlk115386944]Pseudo-random muting
Design principles
In addition to comb offset hopping in the frequency domain or cyclic shift hopping in the code domain, providing randomization in the time domain for SRS is also an effective way to reduce cross-SRS interference. Therefore, another feasible mechanism to reduce cross-SRS interference is random muting in the time domain, which could be achieved based on two potential methods as below.
· Alt 1: Based on pseudo-random sequence c(i)
· Alt 2: Based on initial muting pattern and update rule for randomization
[bookmark: _Hlk111074158]Regarding Alt 1, a pseudo-random sequence of bit 0/1 can be used to determine SRS transmission by bitmap, e.g., ‘0’ is corresponding to muting occasion of SRS, while ‘1’ is corresponding to transmission occasion of SRS Besides, the size of muting occasion depends on the muting granularity, e.g., one slot, one frequency hopping, or one symbol. An example is given in Figure 1, assuming that pseudo-random sequence is {1 0 0 1 0 1 1 0 1 1 0 0…0 0 0 1}, and each bit corresponds to one symbol as the muting granularity. Based on Alt 1, if two SRS resources collide with each other, different pseudo-random sequences can be applied to them separately to transfer persistent interference between two colliding SRS resources to random interference. 
[image: ]
Figure 1 SRS muting based on pseudo-random sequence
Regarding Alt 2, the initial muting pattern could be indicated by the network as a short sequence of bit 0/1. Similar to Alt 1, each bit is corresponding to a muting occasion or transmission occasion based on the muting granularity. Then based on the specific update rule such as bit flipping, and bit shifting, the initial muting pattern would convert to a new muting pattern in the next muting period, then the muting occasions and transmission occasions would also change synchronously to achieve randomization.
[image: ]
Figure 2 SRS muting based on initial muting pattern and update rule
As shown in Figure 2, assume that the initial muting pattern is configured as a short sequence of {1 0 0 0 1 1 0 1}, and each bit is corresponding to the muting granularity as one symbol. In slot #1, there are a total of 8 symbols occupied by SRS with 4 frequency hopping. Based on the initial muting pattern, only the SRS symbols corresponding to the transmission occasion would be transmitted. Then in slot #2, the initial muting pattern would be updated by bit shifting, and new muting occasions and transmission occasions would be generated. Based on Alt 2, different initial patterns can be configured for different SRS resources to reduce mutual interference.
Moreover, one interesting point is that SRS transmission with longer periodicity can be achieved as a special case of random muting based on some specific muting patterns. For example, the muting pattern such as {1 0}, {1 0 0 0} without any update rule can be applied to achieve the same effect as SRS transmission with 2 times, 4 times the periodicity. Therefore, random muting based on the muting pattern can provide great flexibility for the network to configure SRS transmission for different cases.
SRS transmission with longer periodicity can be regarded as a specific case of random muting based on a muting pattern, e.g., {1 0}.
Evaluation results
LLS evaluation results are given to show the benefit of random muting for SRS transmission. In the evaluation, 4 UEs transmit 4 SRS resources with different sequence group indexes u on the same frequency and time resources separately. Due to the different distances from 4 UEs to the target TRP for SRS receiving, different power of received SRS resources is modeled, where UE1 is set as the target UE for evaluation, and the cross-SRS interferences from UE 2/3/4 are assumed as -3dB, -6dB, -10dB. 
To evaluate the benefit of random muting, some basic SRS transmission schemes are also simulated. The baseline is that 4 UEs transmit their SRS resources in the same SRS occasion with the same periodicity, leading to full interference on the UE1 from UE 2/3/4. Besides, SRS transmission with longer periodicity is evaluated, where the periodicity is doubled compared with the baseline. In this case, 4 UEs could be configured to transmit SRS on two different SRS occasions. However, cross-SRS interference on the target UE depends on how the network configures the SRS occasions for different UEs. If the network configures different SRS occasions for UE 2/3/4 and UE 1, then there would be no cross-SRS interference on UE1. If the network configures the same SRS occasions for UE 1 and a certain UE, then there would be different levels of cross-SRS interference on UE1. For instance, when UE 1 and UE 3 transmit SRS on the same SRS occasions, UE 1 would suffer an interference of -6dB from UE 3. When UE 1 and UE 4 transmit SRS on the same SRS occasions, UE 1 would suffer an interference of -10dB from UE 4. 
Regarding random muting for SRS transmission, Alt 2 is used in the evaluation, where the initial muting patterns are {1 0 1 0} for UE 1, {0 1 0 1} for UE 2, {0 0 1 1} for UE 3, {1 1 0 0} for UE 4, and bit flipping is applied as the update rule. In this case, UE 1 and UE 2 would not interfere with each other, while UE 3 and UE 4 would also not interfere with each other, due to orthogonal SRS occasions. However, UE 1 would suffer different levels of interference from UE 3 and UE 4 on different SRS transmission occasions. Besides, to fairly compare with SRS transmission with longer periodicity, the muting granularity is set as one SRS occasion per SRS periodicity, which would guarantee the same number of SRS occasions for available SRS transmission.
	[image: ]
a) SRS occasion per 10ms
	[image: ]
b) SRS occasion per 20ms


Figure 3 SRS muting based on initial muting pattern and update rule for randomization
In Figure 3, NMSE results of the channel estimation for different SRS transmission schemes are given, where NMSE is calculated based on the ideal channel estimation. It is observed that when the target UE, i.e., UE 1 suffers full (persistent) interference, the channel estimation accuracy degrades severely. Regarding random muting based on muting pattern, the channel estimation result is much better than the baseline with full interference, since it can randomize the available SRS occasions for different UEs. Besides, compared with longer periodicity with persistent interference of -6dB from UE 3, the NMSE of random muting is smaller due to the randomization of different levels of interference from UE 3 and UE 4.  However, compared with longer periodicity with persistent interference of -10dB from UE 4, the NMSE of random muting is larger, since random muting introduces stronger interference from UE 3 on the same SRS occasions. In other words, random muting can achieve a statistical benefit based on randomizing the interference. Based on random muting, there is no need for the network to pre-judge the level of varying interferences from different UEs and configure the SRS occasion for each UE to control the overall cross-SRS interference. 
Random muting could randomize the persistent cross-SRS interference into random interference, leading to a statistical benefit for SRS transmission.
Based on random muting, it can save the effort of the network to pre-judge the level of varying interferences from different UEs.
Support random muting to reduce the cross-SRS interference, at least considering the following potential schemes in Rel-18
· Alt 1: Based on pseudo-random sequence c(i)
· Alt 2: Based on initial muting pattern and update rule for randomization
Enhanced Power control
	Agreement
For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, study the options for an SRS resource set:
· Option 1: 
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
· Each transmission occasion of the SRS resource is towards multiple TRPs
· Option 2: 
· More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource can be towards different TRPs


Power control enhancement techniques were discussed in the previous meeting. However, enhancement on power control seems not helpful for increasing SRS capacity for TDD CJT. If power control is adjusted based on multiple TRPs, though cross-SRS interference can be reduced at some TRPs, the interference at other TRPs would increase.
As shown in Figure 4, assume that TRP 1 is the target TRP and TRP2 is the cooperative TRP for UE1. Based on the legacy power control mechanism, SRS1 transmitted from UE1 is based on the PL-RS from TRP1, where the transmission power of SRS1 is P1. Thus, the received power of SRS1 at TRP2 is low, since the PL from TRP 2 is larger than from TRP1. In other words, cross-SRS interference on SRS2 transmitted from UE2 at TRP2 is low. However, if the power control of SRS1 is based on two PL-RSs from TRP1 and TRP2, then SRS1 may be transmitted with larger power P2 (P2>P1). In this case, SRS2 would suffer larger cross-SRS interference from SRS1. Therefore, enhancement on power control may be helpful for some UEs in CJT, but would cause more interference on SRS from other UEs.


Figure 4 An example of SRS transmission in TDD CJT scenario
Enhancement on power control for SRS may be helpful for some UEs in TDD CJT, but would also cause more cross-SRS interference to other UEs.
Don’t support power control enhancement on SRS for TDD CJT.
TD-OCC
	Agreement
For SRS TD-OCC for SRS enhancements for TDD CJT, study:
· Comparison against SRS on 1 OFDM symbol
· Comparison against SRS repeated on multiple OFDM symbols
· Study the following aspects: evaluation performance, SRS overhead, per-symbol per-port transmission power, impact of channel delay, dropping rules of collision with other uplink resource, etc.


Similar to CSI-RS and DMRS, TD-OCC can be applied for SRS as a potential solution for capacity enhancement on SRS. TD-OCC code would be mapped on the repetition symbols. However, in TDD CJT scenario, the key issue is that there are not enough resources in the time/frequency/code domain to map SRS resources from different UEs, leading to cross-SRS interference. Though TD-OCC could increase the number of ports multiplexed on the same symbols, more SRS symbols are needed for TD-OCC mapping.
For instance, if two SRS resources with 4 ports are multiplexed on two repetition symbols based on TD-OCC2, then a total of 8 ports are mapped on two OFDM symbols. However, if two SRS resources with 4 ports are multiplexed separately on two symbols based on TDM, a similar effect can be achieved. In other words, TD-OCC doesn’t increase the SRS capacity in TDD CJT scenario, compared to two legacy SRS resources mapped in two OFDM symbols individually. 
Moreover, due to multiple adjacent ODFM symbols occupied, there are several issues for TD-OCC as follows.
· The channel estimation performance would be degraded in medium/high-speed scenario
· To achieve more SRS capacity, TD-OCC may cause an impact on the coverage performance
· It’s hard to design TD-OCC for different numbers of repetitions on case by case basis
· The scheduling flexibility would be limited to multiplex multiple SRS resources from different UEs 
· More probability to collide with other uplink resources
TD-OCC with length M doesn’t increase the SRS capacity, compared to multiple legacy SRS resources mapped in M OFDM symbols individually.
Don’t support TD-OCC enhancement on SRS for TDD CJT.

SRS enhancement for UL 8Tx
Multiplexing principle of legacy SRS
[bookmark: _Hlk101989985]The design for legacy SRS can be classified as a cyclic shift and FDM based multiplexing, since the multiplexing of multiple ports in one SRS resource is achieved by different cyclic shifts and/or frequency positions. The determination of the cyclic shift for one SRS port can be shown as follows. 


where  is the value of cyclic shift configured by RRC,  is the maximum number of cyclic shifts,  is the index of one SRS port,  is the number of ports of the SRS resource. Moreover, the occupying frequency position  of one SRS port can be presented by the following formula.


where  is the comb size of one SRS resource and  is the offset in the frequency domain configured by RRC. From the above equations, it can be observed that for different numbers of SRS ports and comb structures, the method used to multiplex SRS ports are different in some cases.
When one SRS resource is configured with 2 ports, no matter whether the comb is equal to 2, 4, or 8, SRS ports are only multiplexed by different cyclic shifts. However, in the case of one SRS resource with 4 ports, due to the different comb structures, there are different ways of multiplexing multiple ports. For instance, regarding comb 4, if SRS is configured with a value of the cyclic shift smaller than 6, 4 SRS ports are multiplexed by different cyclic shifts with the same interval. However, if SRS is configured with a value of the cyclic shift equal to or larger than 6, the SRS ports 1001 and 1003 are also mapped in different frequency positions additionally, which can be configured for the case with larger delay spread. Regarding comb 8 which is introduced for SRS in Rel-17, 6 cyclic shifts can’t be uniformly distributed with an interval of integer. Therefore, SRS ports 1000 and 1002 (or 1001 and 1003) are multiplexed with two cyclic shifts with the interval as 3 on the same frequency position, and SRS ports 1000 and 1001 (or 1002 and 1003) are mapped in different frequency positions. 
Enhancement on 8-port SRS for codebook and antenna switching
8-port SRS resource on single symbol
	Agreement
For an 8-port SRS resource in a SRS resource set ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with m OFDM symbols (m >= 1), at least support the 8 ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.
Agreement
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH, when the SRS resource is configured with n ports (n <= 8) and m OFDM symbols (m >= 1), at least support the n ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· n can be 8
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.
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


To keep the same multiplexing principle for one SRS resource with 8 ports, a natural way is to reuse a similar multiplexing principle of the legacy SRS resource, i.e., cyclic shift and FDM based multiplexing. However, due to the increased number of SRS ports, the interval of cyclic shifts for each SRS port would be smaller than the legacy SRS resource. Therefore, specific designs consideration might be needed for different comb sizes. 
· Comb 2
For comb 2, there are up to 8 cyclic shifts that can be used for SRS ports. When the number of ports in one SRS resource equals 8, one most direct way is to map 8 cyclic shifts to 8 ports as given by the following formula, which is the same as the legacy formula for comb 2. In this case, the interval between two adjacent cyclic shifts is 1.


The detailed values of cyclic shifts for comb 2 are shown in Table 1.
Cyclic shift mapping for SRS resource with 8 ports in comb 2
	
	Port 1000
	Port 1001
	Port 1002
	Port 1003
	Port 1004
	Port 1005
	Port 1006
	Port 1007

	CS 0
	0
	1
	2
	3
	4
	5
	6
	7

	CS 1
	1
	2
	3
	4
	5
	6
	7
	0

	CS 2
	2
	3
	4
	5
	6
	7
	0
	1

	CS 3
	3
	4
	5
	6
	7
	0
	1
	2

	CS 4
	4
	5
	6
	7
	0
	1
	2
	3

	CS 5
	5
	6
	7
	0
	1
	2
	3
	4

	CS 6
	6
	7
	0
	1
	2
	3
	4
	5

	CS 7
	7
	0
	1
	2
	3
	4
	5
	6


Regarding the comb offset mapping, three potential schemes are given as follows. 
· Scheme 1: Map the 8 ports on the same frequency position. In this case, the orthogonality between different ports is only guaranteed by associated cyclic shifts. 
· [bookmark: _Hlk102002858]Scheme 2: Map port {1000, 1002, 1004, 1006} and port {1001, 1003, 1005,1007} in two different frequency positions. 
· 
Scheme 3: Map two groups in different frequency positions only when SRS resource is associated with a certain value of cyclic shiftby RRC. This scheme is the same as what for 4-port SRS with comb 2.
Comparing the above three schemes, the main drawback of scheme 1 is that performance degrades significantly when the channel delay is large, due to the small interval between different cyclic shifts. Besides, scheme 3 is a combination of scheme 1 and scheme 2, which would be more flexible to handle cases with different channel delays. The detailed formula of comb offset mapping for 8-port SRS with comb 2 is given as follows.

	
Support 8 different cyclic shifts used for 8-port SRS with comb 2 separately.

A similar principle of comb offset mapping for 4-port SRS with comb 2 can be reused for 8-port SRS with comb 2, i.e., based on the value of cyclic shiftconfigured by RRC to determine whether 8 ports are mapped on 1 or 2 comb offsets.

· Comb 4
For comb 4, there are 12 cyclic shifts available for multiplexing 8-port SRS. However, similar to the case of 4-port SRS in comb 8, 12 cyclic shifts can’t be divided by 8, leading to unequal intervals among 8 ports. To handle this issue, mapping 2 or 4 different cyclic shifts for 8-port SRS can be considered. For instance, when 4 different cyclic shifts are assigned for 8-port SRS, the same solution as 4-port SRS in comb 8 can be reused to map the cyclic shifts to 8-port SRS as the given formula below.


The detailed values of cyclic shifts for comb 4 are shown in Table 2. 
Cyclic shift mapping for SRS resource with 8 ports in comb 4
	
	Port 1000
	Port 1001
	Port 1002
	Port 1003
	Port 1004
	Port 1005
	Port 1006
	Port 1007

	CS 0
	0
	0
	3
	3
	6
	6
	9
	9

	CS 1
	1
	1
	4
	4
	7
	7
	10
	10

	CS 2
	2
	2
	5
	5
	8
	8
	11
	11

	CS 3
	3
	3
	6
	6
	9
	9
	0
	0

	CS 4
	4
	4
	7
	7
	10
	10
	1
	1

	CS 5
	5
	5
	8
	8
	11
	11
	2
	2

	CS 6
	6
	6
	9
	9
	0
	0
	3
	3

	CS 7
	7
	7
	10
	10
	1
	1
	4
	4

	CS 8
	8
	8
	11
	11
	2
	2
	5
	5

	CS 9
	9
	9
	0
	0
	3
	3
	6
	6

	CS 10
	10
	10
	1
	1
	4
	4
	7
	7

	CS 11
	11
	11
	2
	2
	5
	5
	8
	8



Regarding the comb offset mapping, a direct approach used for 4-port SRS is to map port {1000, 1002, 1004, 1006} and port {1001, 1003, 1005,1007} in two different frequency positions. However, considering to cover the case of larger delay spread, mapping 8 SRS ports in four different frequency positions should be considered, which can be achieved based on the value of cyclic shiftconfigured by RRC. In this case, the interval of 2 different cyclic shifts for 2 of 8 ports is up to 6 when mapping in the same comb offset. The detailed formula of comb offset mapping for 8-port SRS with comb 4 is given as follows.


A similar principle of cyclic shift mapping for 4-port SRS with comb 8 can be reused for 8-port SRS with comb 4.

Support 8-port SRS with comb 4 mapping in 2 or 4 comb offsets, i.e., based on the value of cyclic shiftconfigured by RRC to determine whether 8 ports are mapped on 2 or 4 comb offsets.
· Come 8
For comb 8, only up to 6 cyclic shifts are available for SRS ports multiplexing. However, it is impossible to assign 6 cyclic shifts to 8 ports with an integer interval. Therefore, using 2 configurable cyclic shifts for 8-port SRS is a potential solution for this case as the formula given below. 


The detailed values of cyclic shifts for comb 8 are shown in Table 3. 
Cyclic shift mapping for SRS resource with 8 ports in comb 8
	
	Port 1000
	Port 1001
	Port 1002
	Port 1003
	Port 1004
	Port 1005
	Port 1006
	Port 1007

	CS 0
	0
	0
	0
	0
	3
	3
	3
	3

	CS 1
	1
	1
	1
	1
	4
	4
	4
	4

	CS 2
	2
	2
	2
	2
	5
	5
	5
	5

	CS 3
	3
	3
	3
	3
	0
	0
	0
	0

	CS 4
	4
	4
	4
	4
	1
	1
	1
	1

	CS 5
	5
	5
	5
	5
	2
	2
	2
	2


Regarding the comb offset mapping,  8 ports mapped in 4 comb offsets is agreed in the last meeting. Therefore, mapping ports {1000, 1004}, ports {1001, 1005}, ports {1002, 1006}, and ports {1003,1007} in 4 comb offsets can be supported as following formula.


Support 8-port SRS with comb 8 to be mapped with 2 cyclic shifts and 4 comb offsets.
8-port SRS resource on multiple symbols
Apart from cyclic shift and FDM based approach, 8-port SRS resource can also be enhanced in the time-domain, such as TDM based solutions, which has been agreed in the last meeting.
	Agreement
[bookmark: _Hlk127318007]For single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with 8 ports and m OFDM symbols (m > 1), support the case of 8 ports mapped onto the m OFDM symbols 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].


One remaining issue is whether other numbers of OFDM symbols should be supported in addition to 2 and 4. From the perspective of SRS overhead in the time-domain, 8 ports mapped on more OFDM symbols would affect the transmission of other uplink signals. Besides, how to be compatible with the legacy repetition R should be further considered. From the perspective of port number, when 8 ports of one SRS resource is mapped on 2 OFDM symbol, 4 ports can be mapped in each OFDM symbol like two 4-port SRS resource. When 8 ports of one SRS resource is mapped on 4 OFDM symbol, 2 ports can be mapped in each OFDM symbol like four 2-port SRS resource. The above two cases can provide enough multiplexing room in frequency and code domain for different SRS resources. Thus there is no need to support additional values of OFDM symbol mapped on by one 8-port SRS resource.
No need to support additional values of OFDM symbol mapped on by one 8-port SRS resource.
Additionally, how to map 8 ports in multiple OFDM symbols is another key issue. One potential way with minimal spec effort is to equally divide 8 ports into two parts on two adjacent OFDM symbols or four parts on four adjacent OFDM symbols. In this case, the port multiplexing principle for each comb vaule can be reused for 8-port SRS as much as possible. 
Support to equally divide 8 ports into m parts on m adjacent OFDM symbols.
[bookmark: _Hlk127319584]After determining the OFDM symbols mapped on by one 8-port SRS resource, some additional restrictions should be considered to simplify the SRS generation and multiplexing. For instance, the comb offset, cyclic shift, transmit power, frequency hopping and so on should be aligned on the multiple OFDM symbols. For convenience, one feasible way is to restrict each part of SRS ports on different OFDM symbols with the same transmission parameters.
The transmission parameters such as comb value, cyclic shifts, transmit power, frequency hopping should be aligned on the multiple OFDM symbols mapped on by one 8-port SRS resource.
8-port SRS aggregated by multiple SRS resources
To support more than 4 ports for uplink sounding and channel estimation, aggregating SRS ports from multiple SRS resources is also a possible way to achieve 8 SRS ports. For instance, two 4-port SRS resources can be used to aggregate a 8-port SRS. However, this solution requires some restrictions, such as the restriction of time-domain occupation of multiple SRS resources, the consistency of transmission power and phase of multiple SRS resources, and so on. 
Additionally, whether multiple SRS resources are from the same SRS set or different SRS sets is another important issue. One feasible way is to reuse the design of Rel-17 MTRP PUSCH, i.e, two SRS resources are from two different SRS resource sets. In this way, the Rel-17 SRI indication can also be reused. Especially for 8Tx non-coherent and partial-coherent codebook which could be constructed by concatenating two current 4Tx codebook subsets, it is feasible to indicate two SRIs corresponding to two SRS resources from two different SRS resource sets.
8 SRS ports for codebook based transmission can be mapped on multiple SRS resources for different SRS resource sets.
For codebook based transmission, support to aggregate 8 ports from two SRS resources from two different SRS resource sets.

Conclusion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In summary, the following proposals are made for Rel-18 SRS enhancement.
1. The candidate comb positions for comb offset hopping are limited, which would degrade the randomization benefit provided by comb offset hopping.
1. Comb offset hopping is useless if all comb positions have been occupied by different SRS ports.
1. More hopping room can be provided for cyclic shift hopping, compared with comb offset hopping.
The tradeoff between randomization performance and UE/gNB complexity should be considered when determining the hopping granularity for cyclic shift hopping.
The additional benefit of cyclic shift hopping combined with comb offset hopping is limited.
SRS transmission with longer periodicity can be regarded as a specific case of random muting based on a muting pattern, e.g., {1 0}.
Random muting could randomize the persistent cross-SRS interference into random interference, leading to a statistical benefit for SRS transmission.
Based on random muting, it can save the effort of the network to pre-judge the level of varying interferences from different UEs.
Enhancement on power control for SRS may be helpful for some UEs in TDD CJT, but would also cause more cross-SRS interference to other UEs.
TD-OCC with length M doesn’t increase the SRS capacity, compared to multiple legacy SRS resources mapped in M OFDM symbols individually.
8 SRS ports for codebook based transmission can be mapped on multiple SRS resources for different SRS resource sets.
1.    Don’t support SRS comb offset hopping for TDD CJT in Rel-18.

Support sequence ID  as the UE-specific initialization factor.
Support the hopping granularity as per R symbols for cyclic shift hopping.
Support to handle the co-existing issue with legacy SRS resources by gNB implementation without specification, when cyclic shift hopping is enabled for Rel-18 SRS resources.
Cyclic shift hopping is not expected to be configured with sequence hopping and group hopping.
Support cyclic shift hopping for TDD CJT, where cyclic shift hopping can only be configured if UE supports TDD CJT transmission.
Support random muting to reduce the cross-SRS interference, at least considering the following potential schemes in Rel-18
· Alt 1: Based on pseudo-random sequence c(i)
· Alt 2: Based on initial muting pattern and update rule for randomization
Don’t support power control enhancement on SRS for TDD CJT.
Don’t support TD-OCC enhancement on SRS for TDD CJT.
Support 8 different cyclic shifts used for 8-port SRS with comb 2 separately.

A similar principle of comb offset mapping for 4-port SRS with comb 2 can be reused for 8-port SRS with comb 2, i.e., based on the value of cyclic shiftconfigured by RRC to determine whether 8 ports are mapped on 1 or 2 comb offsets.
A similar principle of cyclic shift mapping for 4-port SRS with comb 8 can be reused for 8-port SRS with comb 4.

Support 8-port SRS with comb 4 mapping in 2 or 4 comb offsets, i.e., based on the value of cyclic shiftconfigured by RRC to determine whether 8 ports are mapped on 2 or 4 comb offsets.
Support 8-port SRS with comb 8 to be mapped with 2 cyclic shifts and 4 comb offsets.
No need to support additional values of OFDM symbol mapped on by one 8-port SRS resource.
Support to equally divide 8 ports into m parts on m adjacent OFDM symbols.
The transmission parameters such as comb value, cyclic shifts, transmit power, frequency hopping should be aligned on the multiple OFDM symbols mapped on by one 8-port SRS resource.
For codebook based transmission, support to aggregate 8 ports from two SRS resources from two different SRS resource sets.
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