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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 to 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. To obtain a reliable precoder, SRS1 transmitted from UE2 should be well received by both TRP1 and TRP2.
· Regarding power control of SRS transmission: Due to distance difference between one UE and multiple CJT TRPs, SRS transmitted from the UE suffers from different path loss to arrive different TRPs. In order to guarantee CJT performance, SRS transmitted from the UE should be received by each CJT TRP with a power beyond the channel estimation threshold, then gNB can derive an effective DL precoder based on the channel estimation results. Therefore, power control of SRS transmission is a key issue for CJT implementation.
· Regarding interference randomization: Considering ideal CJT implementation, in the serving cell of each TRP, all target UEs including serving UE and CJT UE, should be allocated with orthogonal SRS resources. In this way, 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: ]
Figure 1 Diagram of CJT TRP architecture 
2.1 Power control of SRS transmission
For power control of SRS transmission, an agreement was reached in RAN1#110-b meeting, and a proposal was raised by FL and discussed in RAN1#112 meeting. However, no consensus was made.
	Agreement (RAN1#110bis-e)
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
FL proposal (RAN1#112)
Proposal 2.5C: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set, down select one from the following options:
· Option 0 (For legacy TRP-specific SRS using multiple SRS resource sets; no enhancement in Rel-18):
· M (M >= 1) power control processes for M SRS resource sets where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS
· Each of the M SRS resource sets is for one of the M TRPs . M is generally at most 2 per current standards.
· Option 1 (For TRP-common SRS using one SRS resource set):
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one P0 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 (For TRP-specific SRS using one SRS resource set):
· M (M >= 1) power control processes for the SRS resource set where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource can be towards different TRPs
· Only for P/SP SRS
· Option 3 (For TRP-common and/or TRP-specific SRS using one SRS resource set):
· M (M >= 1) power control processes for the SRS resource set where each of the M power control processes is based on one P0 value, one closed loop state, and jointly on N (N >= 1) DL pathloss RS(s) and/or N alphas, where N can be different for different power control processes
· A transmission occasion of the SRS resource can be towards N (i.e., one or multiple) TRP(s) based on which power control process is used
· FFS : Only for P/SP SRS or for P/SP/AP


We have the following analysis for TRP specific and TRP common SRS transmission power control: 
· First, if different TRP specific SRS are transmitted with different powers, gNB cannot calculate the downlink CJT precoder without the knowledge of relative transmission power ratio among these SRSs. Even though gNB knows the configuration of these SRS resources, gNB still could not obtain the path-loss difference (i.e., path-loss compensation from UL power control) among different SRS resources, which means that the actual transmitted power difference is unknown for gNB unless UE reports it. 
· Second, if one CJT precoder is determined according to multiple SRS transmissions, each of which towards one TRP respectively, it introduces additional latency and causes a slow update of CJT precoder. 
· Third, it is also difficult to define a transmission occasion group on which one CJT precoder is based unless there are some restrictions on the update speed of path-loss of the multiple transmission occasions at UE side. 
· Fourth, compared with TRP common SRS, TRP specific SRS consumes more UE power and introduces severe inter-cell SRS interference because the UE needs to transmit multiple SRS transmissions each of which towards a respective CJT TRP. 
According to the above analysis, TRP common SRS is more reasonable than TRP specific SRS. Therefore, Option 0 and Option 2 which are TRP specific SRS are not preferred. For Option 3, even there are M > 1 power control processes, the transmit power for all SRS resources in an SRS resource set can be same based on the M power control processes. 
To ensure one TRP common SRS to be accurately received by multiple coordinated TRPs simultaneously, the SRS power control enhancement should be considered. For example, a UE determines Tx power of one single SRS resource, e.g., PL, based on multiple downlink reference signals as Option 1. The PL can be the maximal PL among PLs of the multiple downlink reference signals, to make sure that all CJT TRPs can well receive the SRS with enough received power. 
We further provide the simulation result in Figure 2~3. From the results, we can see that the CJT TRP with lower RSRP cannot accurately receive the TRP common SRS if the power of the TRP common SRS is not enhanced. 
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Figure 2 MSE comparison for different power
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Figure 3 BLER comparison for different Tx power offsets
Figure 4 shows further comparison among option1, option2 and baseline. As a baseline, it assumes that the power control process is based on only one path loss reference signal and one alpha. The results show that Option 1 brings obvious gain compared with baseline because more accurate channel estimation is obtained at all CJT TRPs. Option 2 performs similarly to the baseline because the power offset between two uplink TRP channels is not same as that for the two downlink TRP channels, which may introduce incorrect precoder estimation for coherent JT from the gNB side, although the receiving SNR is increased at the weaker CJT TRP. Note that additional delay caused by Option2 is not estimated in the simulation. The performance of Option 2 would be worse if the additional delay is considered.
[image: ]
Figure 4 Comparison among baseline, Option1 and Option 2
For Option 2 and Option 3 with TRP specific SRS, it seems not clear which of the following understanding is correct, and so some clarification may be needed:
· Alt 1: Different TRPs are associated with different SRS resources, that means all transmission occasions of a given SRS resource should be associated with a given TRP. 
· Alt 2: Different TRPs are associated with different transmission occasions of an SRS resource, that means one SRS resource can be associated with one TRP, and the TRP can be different for different transmission occasions for one SRS resource. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK27][bookmark: OLE_LINK41]Observation 1: The meaning of TRP specific SRS in Option 2 and Option 3 is not clear. The following point should be clarified: 
· Whether different TRPs are associated with different SRS resources, or different transmission occasions of an SRS resource.
Observation 2: If one CJT precoder is based on multiple TRP specific SRS transmission occasions for Option2 and Option 3, following issues should be considered: 
· How to let the gNB know the actual transmission offset of the multiple transmission occasions to get accurate CJT precoder.
· How to define a transmission occasion group on which one CJT precoder is based considering the path-loss updating speed for different transmission occasions at UE side may be different. 
· TRP specific SRS in Option 2 and Option 3 leads to slow update of CJT precoder compared with Option 1. 
[bookmark: OLE_LINK39]Proposal 1: Considering UE transmit power, downlink CJT precoder performance, CJT precoder updating speed and specification effort, TRP common SRS in Option 1 or Option 3 should be supported.
· TRP common SRS in Option 1 or Option 3: UL power control parameter (e.g., PL estimate) of one SRS resource can be determined based on multiple downlink reference resources each corresponding to one of CJT TRPs.
· Further clarification is needed for TRP specific SRS in Option 2 and Option3. 
2.2 SRS interference randomization
2.2.1 CS hopping and comb offset hopping
Regarding CS hopping and comb offset hopping, the following agreements were reached in RAN1#112 meeting. 
	Agreement
For SRS interference randomization, support:
· Opt. 3: Both cyclic shift hopping and comb offset hopping. 
· At least the two features can be separately configured
· FFS: Combined cyclic shift hopping and comb offset hopping for a UE
· FFS: Separate or combined with SRS sequence group hopping / sequence hopping 
· FFS: Associated UE capability 


From technical perspective, both SRS comb offset hopping and CS hopping can provide interference randomization enhancement. However, if only one of CS hopping and comb offset hopping can be configured for an SRS resource, the degree of hopping freedom may be insufficient. Especially, for comb offset hopping, there are only 8 candidate comb offsets at most. For further interference randomization, enabling both CS hopping and comb offset hopping should be supported. When CS hopping and comb offset hopping are both enabled, to fully utilize the degree of hopping freedom, the hopping pattern of CS and comb offset should be co-designed. In other words, the hopping pattern of CS and comb offset should be expressed by a common formula.
Regarding CS hopping, both CS hopping and legacy group/sequence hopping are code-domain hopping. Therefore, it is straightforward that we can enable CS hopping and legacy group/sequence hopping simultaneously to enhance interference randomization. However, when CS hopping and legacy group/sequence hopping are simultaneously enabled, there is a possibility that two SRS ports from two cells collide due to the usage of a same CS and a same group/sequence number. To avoid this kind of collision, the pattern of CS hopping and group/sequence hopping should be co-designed. Given the legacy group hopping pattern expressed as

the CS hopping pattern can be

where  is defined in clause 6.4.1.4 in TS 38.211,  represents the floor operation, and the pseudo-random sequence c(i) is be initialized as . In short, the key motivation of this CS hopping pattern is to avoid the collision of two SRS ports during hopping as much as possible.
[bookmark: OLE_LINK6][bookmark: OLE_LINK33][bookmark: OLE_LINK34]Proposal 2: Combined CS hopping and comb offset hopping should be supported, and the hopping pattern of CS and comb offset should be co-designed.
Proposal 3: Combined CS hopping and legacy group/sequence hopping should be supported, based on the hopping pattern of group number, the hopping pattern of CS should be expressed as .
[bookmark: OLE_LINK4]Considering the coexistence of legacy and new SRS ports, the new CS hopping and comb offset hopping should be limited within a subset of CS and comb offset resources, such that legacy and new ports occupy two non-overlapping subset of CS/comb subsets, respectively. However, for separate CS hopping and comb offset hopping, since legacy ports already occupy a part of CS and comb offset resources, the degree of hopping freedom left for new ports is very limited. For combined CS hopping and comb offset hopping, this problem can be well addressed. Assuming there are  candidate CSs and  candidate comb offsets, then there will be  orthogonal resources corresponding to the combinations of candidate CSs and comb offsets. Even though legacy ports occupy a part of the orthogonal resources, there are still a lot of available resources left for the hopping of new ports. For instance, if legacy ports occupy the colored resources in Table 1, there are still a lot of uncolored resources left that can be used for hopping for the new SRS.
Table 1 Illustration of orthogonal resources for combined CS hopping and comb offset hopping
	Comb/CS
	0
	1
	2
	3
	4
	5
	6
	7
	...
	11

	0
	0
	4
	8
	12
	16
	20
	24
	28
	...
	44

	1
	1
	5
	9
	13
	17
	21
	25
	29
	...
	45

	2
	2
	6
	10
	14
	18
	22
	26
	30
	...
	46

	3
	3
	7
	11
	15
	19
	23
	27
	31
	...
	47


Proposal 4: The new CS hopping and comb offset hopping should be limited within a subset of CS and comb offset resources.
2.2.2 Initialization ID
For each kind of hopping, the hopping pattern is determined based on a pseudo-random sequence c(i), which needs to be initialized by an ID. The following related agreement was reached at RAN1#112 meeting.
	[bookmark: OLE_LINK36][bookmark: OLE_LINK35]Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on the pseudo-random sequence c(i), initialized with one of the following IDs.
· [bookmark: OLE_LINK2]Option 1: Reuse the SRS sequence identity .
· Option 2: Introduce new ID(s).
· FFS: the value range, one new ID or two separate new IDs, default ID(s) 


It was pointed out that, if more than one hopping algorithm are enabled simultaneously, each of them should use an individual ID/pseudo-random sequence to ensure their hopping patterns are independent from each other. However, it is not necessary, because multiple independent hopping patterns can be derived from a common pseudo-random sequence by utilizing different hopping formulas. For example, if CS hopping and comb offset hopping are enabled simultaneously based on a common pseudo-random sequence c(i), at a same time, their hopping patterns can be derived from different segments of c(i). For combined hopping algorithms, e.g., combined CS hopping and comb offset hopping, and combined CS hopping and group/sequence hopping, using a common ID/pseudo-random sequence is beneficial for designing the combined hopping patterns. Therefore, all hopping algorithms should use a common ID, i.e., both CS hopping and comb offset hopping should reuse the SRS sequence identity .
[bookmark: OLE_LINK32]Proposal 5: Regarding the ID used to initialize the pseudo-random sequence c(i), support option 1, i.e., reuse the SRS sequence identity .
2.2.3 Time-domain hopping behavior
Regarding the hopping behavior in time domain, the following agreement was reached at RAN1#112 meeting.
	Agreement
For SRS comb offset hopping and/or cyclic shift hopping, the time-domain hopping behavior depends on at least the slot index [image: C:\Users\10331078\AppData\Local\Temp\ksohtml9480\wps1.png] within a radio frame and OFDM symbol index [image: C:\Users\10331078\AppData\Local\Temp\ksohtml9480\wps4.png], and select at least one of the following options:
· [bookmark: OLE_LINK15]Option 1: Within a slot, hopping based on the repetition factor [image: C:\Users\10331078\AppData\Local\Temp\ksohtml9480\wps6.png] and symbol index that is the same across the R repetitions.
· Option 2: Within a slot, hopping based on only the symbol index [image: C:\Users\10331078\AppData\Local\Temp\ksohtml9480\wps4.png].
· Option 3: No intra-slot hopping.
· FFS: Time domain hopping behaviour further depends on system frame number (SFN) [image: C:\Users\10331078\AppData\Local\Temp\ksohtml9480\wps9.png].
· FFS:  reinitialization periodicity of N radio frames or reinitialization based on system frame number.
· FFS: Whether to adopt the same option(s) for comb offset hopping and cyclic shift hopping (if supported separately)
· FFS: At least support reinitialization at the beginning of each radio frame. 


SRS repetition is usually used to improve the channel estimation quality. From this motivation, it is expected to not enable hopping within repetition. Especially, if comb offset hopping is enabled within repetition, the phase offsets between different sub-carriers may cause a serious degradation of channel estimation accuracy. Therefore, CS hopping and comb offset hopping should be based on repetition factor R, i.e., the hopping pattern should remain unchanged within R repetitions.
[bookmark: OLE_LINK31][bookmark: OLE_LINK30][bookmark: OLE_LINK24][bookmark: OLE_LINK29]Proposal 6: Regarding the time-domain hopping behavior, support option 1, i.e., within a slot, hopping based on the repetition factor  and symbol index that is the same across the R repetitions.
3 SRS enhancement for 8 TX UL operation 
The SRS capacity enhancement and interference randomization enhancement of SRS for CJT should be allowed for 8Tx SRS. Then, enhancement for the codebook SRS resource is discussed for 8Tx as follows. 
Legacy SRS scheme supports up to 4 ports in one OFDM symbol, and then the 2 or 4 ports are differentiated by distinct comb offsets or different CSs. To support 8 ports in one OFDM symbol, allocation of the comb offsets and CSs should be refined. TDM scheme and non-TDM scheme have been both agreed. For a repetition factor R, the R repetition symbols should have same comb offset and CS for a given port.
3.1 Non TDM scheme
On 8 Tx SRS for codebook, following agreements were reached for non TDM scheme in previous meetings. 
	Agreement (RAN1#112)
For an 8-port SRS resource in an SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy non-TDMed schemes (repetition, frequency hopping, partial sounding, or a combination thereof), 
· Option 2: For comb 4, do not support 4 comb offsets.
Agreement (RAN1#111)
For an 8-port SRS resource in an 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


According to above agreements, we now have the following cases for comb offset and CS allocation. For CS allocation, it can only meet minimum requirement, that means ports which have different comb offsets share same CS. Alternatively, different CSs can be used for the ports even these ports have different comb offsets. Both methods of CSs allocation are supported in legacy 4Tx SRS scheme. So, we need to determine which method can be adopted for each comb case. Further details and issues are discussed below.
· 
For comb 2, i.e., KTC =2, =8, support 1 and 2 comb offsets
· Case 1: 1 comb offset and 8 CSs can be used
· Case 2: 2 comb offsets and 8 CSs can be used, similar to legacy scheme
· Issue 1: How to switch between case 1 and case 2?
· 
For comb 4, i.e., KTC =4, =12, support 2 comb offsets
· 2 comb offsets,
· Alt 1: 4 CSs (ports with different comb offsets can share same CS), or
· Alt 2: 8 CSs
· Issue 2: Whether one or both of Alt 1 and Alt 2 can be supported? If both Alts can be supported, how to identify one of them?
· Issue 3: If Alt 2 is supported, 8 in 12 is not an even selection, how to determine 8 CSs from 12?
· 
For comb 8, i.e., KTC =8, =6, support 4 comb offsets
· 4 comb offsets, and 2 CS are used for 2 ports for each comb offset
Then possible solutions for the issues are analyzed as follows:
· On “Issue 1: How to switch between case 1 and case 2?”, there may be following options:
· Option 1: Explicit RRC parameter to indicate case 1 or case 2.
· 
Option 2: Use  to implicitly indicate case 1 or case 2.
· 


E.g., case 2, if  >=threshold; case 1 otherwise. The threshold can be a half of , or can be a quarter of , the latter one allows case 2 are more likely indicated.
· Option 2 is easier compared with option 1. So, option 2 is preferred.
· On “Issue 2: Whether one or both of Alt 1 and Alt 2 can be supported? If both Alts can be supported, how to identify one of them?”
· No need to support both Alts, Alt 2 is more useful and slightly preferred.
· 
If both Alts are supported,  can still be used to identify one of Alts, similar to Issue 1.
· On “Issue 3: If Alt 2 is supported, 8 in 12 is not an even selection, how to determine 8 CSs from 12?”
· 
A simple way can be used to determine the CSs for second 4 ports, by adding 1 on , e.g.,
· 



(, +3, +6, +9) mod 12 can be for first group of 4 ports
· 



(+1 +1+3, +1+6, +1+9) mod 12 can be for first group of 4 ports
· 
Although it is an uneven way for CSs allocation for one SRS, it could start from any one of {0, 1, ...  -1=11}, from system perspective of more SRS resources it can be seen almost even. 


[bookmark: OLE_LINK23]Proposal 7: For 8-port SRS design with KTC =2 and =8, support to use  to identify 1 comb offset case or 2 comb offsets case. 

Proposal 8: For 8-port SRS design with KTC =4 and =12, support 8 CSs for 2 comb offsets, instead of  4 CSs. 



[bookmark: OLE_LINK22][bookmark: OLE_LINK21]Proposal 9: For 8-port SRS design with KTC =4 and =12, support to use  and +1 to determine CSs for two 4-port groups.


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


For TDM scheme, it was agreed to reuse the existing resource mapping designed for 8/s ports on each OFDM symbol, including frequency-domain resource allocation and mapping to cyclic shifts. 

A baseline scheme can be assumed as same pattern of CS and comb offsets for SRS port(s) allocated to different TDM symbols. In this scheme, ports in one symbol can be mapped to 4 ports when s=2, then use legacy 4-port scheme to allocate CS and comb offsets for the 4 ports in 8Tx. An example is shown in Table 2 assuming KTC =8, =6.
Table 2 Example for 2 4-port groups in 2 symbols
	1st TDM symbol
	2nd TDM symbol

	Port 0
	Comb offset 0
	CS 0
	Port 2
	Comb offset 0
	CS 0

	Port 1
	Comb offset 4
	CS 0
	Port 3
	Comb offset 4
	CS 0

	Port 4
	Comb offset 0
	CS 3
	Port 6
	Comb offset 0
	CS 3

	Port 5
	Comb offset 4
	CS 3
	Port 7
	Comb offset 4
	CS 3


3.2.1 An enhanced comb offset and CS resource mapping scheme 
In addition to the baseline scheme, an enhanced scheme as stated below can also be considered in order to utilize as many comb offsets and CSs as possible even for TDM scheme. 
· Comb offset(s) for s port groups in s different TDM symbols can be different, as shown in Table 3. That is, comb offsets are allocated in all TDM symbols with a global pattern for 8 ports. 
Table 3 Example for 2 4-port groups in 2 symbols, KTC=4.
	1st TDM symbol
	2nd TDM symbol

	Port 0
	Comb offset 0
	Port 2
	Comb offset 1

	Port 1
	Comb offset 2
	Port 3
	Comb offset 3

	Port 4
	Comb offset 0
	Port 6
	Comb offset 1

	Port 5
	Comb offset 2
	Port 7
	Comb offset 3


· CS(s) for s port groups in s different TDM symbols can be different, as shown in Table 4. That is global CS allocation among all TDM symbols for 8 SRS ports.

Table 4 Example for 2 4-port groups in 2 symbols, =8.
	1st symbol
	2nd symbol

	Port 0
	CS 4
	Port 2
	CS 5

	Port 1
	CS 6
	Port 3
	CS 7

	Port 4
	CS 0
	Port 6
	CS 1

	Port 5
	CS 2
	Port 7
	CS 3


· Comb offset(s) and CS(s) for s port groups in s different TDM symbols can be both different, as shown in Table 5. That is global comb offset and CS allocation among all TDM symbols for 8 SRS ports.

Table 5 Example for2 4-port groups in 2 symbols, KTC=2, =8.
	1st symbol
	2nd symbol

	Port 0
	Comb offset 0
	CS 4
	Port 2
	Comb offset 1
	CS 5

	Port 1
	Comb offset 0
	CS 6
	Port 3
	Comb offset 1
	CS 7

	Port 4
	Comb offset 0
	CS 0
	Port 6
	Comb offset 1
	CS 1

	Port 5
	Comb offset 0
	CS 2
	Port 7
	Comb offset 1
	CS 3


[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Proposal 10: For 8-port SRS design with TDM scheme, support different comb offsets and/or different CSs for ports in different TDM symbols. 
3.2.2 CS/comb offset hopping for 8-port SRS
If either CS hopping or comb offset hopping is enabled for TDMed 8-port SRS, the hopping should be based on TDM symbol number m instead of symbol index l’. In other words, the hopping pattern should remain unchanged within the m TDM symbols.
[bookmark: OLE_LINK18]Proposal 11: For 8-port SRS design with TDM scheme, both CS hopping and comb offset hopping should be based on TDM symbol number m, i.e., the hopping pattern should remain unchanged within m TDM symbols.
3.2.3 Repetition in TDM scheme
As for selecting one of the following options regarding the TDM pattern:
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s, 1, 2, …, s} on the m OFDM symbols.
· Option 2-2: the s subsets of ports are mapped sequentially as {1, …, 1, 2, …, 2, s, …, s} on the m OFDM symbols
Option 2-1 is more robust than option 2-2 from perspective of dropping due to collision, so we prefer option 2-1. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK14][bookmark: OLE_LINK17]Proposal 12: For 8-port SRS design with TDM scheme, support Option 2-1 from the following options.
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s, 1, 2, …, s} on the m OFDM symbols.
· Option 2-2: the s subsets of ports are mapped sequentially as {1, …, 1, 2, …, 2, s, …, s} on the m OFDM symbols
3.2.4 Other FFS aspects
The remaining issues are discussed as follows:
· Regarding “FFS port indexing within the subset of 8/s ports”, and “FFS: which subset of 8/s ports are mapped onto each OFDM symbol”.
· Split 8 ports into s= 2 or 4 groups for 2 or 4 TDMed symbols based on port group(s) rule for UL 8-Tx precoding
· For s=2, one 4-port group should be on one TDMed symbol, and two 2-port groups should be on one TDMed symbol
· E.g., for s=2, ports {0, 1, 4, 5} on one TDMed symbol, ports {2, 3, 6, 7} on another TDMed symbol
· For s=4, if supported, one 2-port groups should be on one TDMed symbol
· E.g., for s=4, ports {0, 4}, {1, 5}, {2, 6}, {3, 7} on 4 TDMed symbols, respectively
· Regarding “FFS: down selection from existing resource mapping designs”
· 
The existing comb and CS resources mapping for 4 ports and 2 ports are illustrated as below. We can see that 4 ports in the cases of KTC=2 and KTC=4, have two kinds of comb offset schemes depending on value of , other 4 ports in other case and 2 ports have only one scheme. It is better to maintain such flexibility for 4 ports in one symbol as legacy to apply to TDMed 8Tx with s=2. That is NOT to down-select from existing resource mapping designs.
	Legacy scheme for 4 ports in one symbol: 
· 
For comb 2, i.e., KTC=2, =8
· If [image: ], 2 comb offsets and 4 different CSs 
· Otherwise, 1 comb offset and 4 CS
· 
For comb 4, i.e., KTC=4, =12
· If [image: ], 2 comb offsets and 4 different CSs
· Otherwise, 1 comb offset and 4 CS
· 
For comb 8, i.e., KTC=8, =6
· 2 comb offsets and 2 CS, 2 ports with different comb offsets share the same CS
Legacy scheme for 2 ports in one symbol: 
· 
For comb 2, KTC=2, =8,
· 1 comb offset: 2 CS
· 
For comb 4, KTC=4, =12
· 1 comb offset: 2 CS
· 
For comb 8, KTC=8, =6
· 1 comb offset: 2 CS


· Regarding “FFS: the TDM factor s is configured as an explicit RRC parameter or determined implicitly from other parameters”, this may depend on the number of candidate values of s. s=8 is not needed. If both s=4 and s=2 are supported, an explicit RRC parameter of s = {1, 2, or 4} can be adopted; if only s=2 is supported without s=4, then either an explicit RRC parameter of s = {1, or 2}, or a mode with {TDM mode, or non TDM mode} can be adopted. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK16][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Proposal 13: For 8-port SRS design with TDM scheme, 
· Split 8 ports into s TDM symbols based on port group(s) for UL 8-Tx precoding
· E.g., for m=2, map ports {0, 1, 4, 5} to one symbol, map ports {2, 3, 6, 7} to another symbol;
· E.g., for m=4, map ports {0, 4}, {1, 5}, {2, 3}, {6, 7} to 4 respective symbols.
Proposal 14: For 8-port SRS design with TDM scheme, narrowing down existing resource mapping designs is not needed.
Proposal 15: For 8-port SRS design with TDM scheme, TDM factor s = {1, 2} or {1, 2, 4} should be configured as an explicit RRC parameter. 
4 Conclusion
In this contribution, we provide our views on Rel-18 SRS enhancement. Observations/ Proposals are listed as follows. 
Observation 1: The meaning of TRP specific SRS in Option 2 and Option 3 is not clear. The following point should be clarified: 
· Whether different TRPs are associated with different SRS resources, or different transmission occasions of an SRS resource.
Observation 2: If one CJT precoder is based on multiple TRP specific SRS transmission occasions for Option2 and Option 3, following issues should be considered: 
· How to let the gNB know the actual transmission offset of the multiple transmission occasions to get accurate CJT precoder
· How to define a transmission occasion group on which one CJT precoder is based considering the path-loss updating speed for different transmission occasions at UE side may be different. 
· TRP specific SRS in Option 2 and Option 3 leads to slow update of CJT precoder compared with Option 1. 
Proposal 1: Considering UE transmit power, downlink CJT precoder performance, CJT precoder updating speed and specification effort, TRP common SRS in Option 1 or Option 3 should be supported.
· TRP common SRS in Option 1 or Option 3: UL power control parameter (e.g., PL estimate) of one SRS resource can be determined based on multiple downlink reference resources each corresponding to one of CJT TRPs.
· Further clarification is needed for TRP specific SRS in Option 2 and Option3. 
Proposal 2: Combined CS hopping and comb offset hopping should be supported, and the hopping pattern of CS and comb offset should be co-designed.
Proposal 3: Combined CS hopping and legacy group/sequence hopping should be supported, based on the hopping pattern of group number, the hopping pattern of CS should be expressed as .
Proposal 4: The new CS hopping and comb offset hopping should be limited within a subset of CS and comb offset resources.
Proposal 5: Regarding the ID used to initialize the pseudo-random sequence c(i), support option 1, i.e., reuse the SRS sequence identity .
Proposal 6: Regarding the time-domain hopping behavior, support option 1, i.e., within a slot, hopping based on the repetition factor  and symbol index that is the same across the R repetitions.


Proposal 7: For 8-port SRS design with KTC =2 and =8, support to use  to identify 1 comb offset case or 2 comb offsets case. 

Proposal 8: For 8-port SRS design with KTC =4 and =12, support 8 CSs for 2 comb offsets, instead of  4 CSs. 



Proposal 9: For 8-port SRS design with KTC =4 and =12, support to use  and +1 to determine CSs for two 4-port groups.
Proposal 10: For 8-port SRS design with TDM scheme, support different comb offsets and/or different CSs for ports in different TDM symbols. 
Proposal 11: For 8-port SRS design with TDM scheme, both CS hopping and comb offset hopping should be based on TDM symbol number m, i.e., the hopping pattern should remain unchanged within m TDM symbols.
Proposal 12: For 8-port SRS design with TDM scheme, support Option 2-1 from the following options.
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s, 1, 2, …, s} on the m OFDM symbols.
Option 2-2: the s subsets of ports are mapped sequentially as {1, …, 1, 2, …, 2, s, …, s} on the m OFDM symbols
Proposal 13: For 8-port SRS design with TDM scheme, 
· Split 8 ports into s TDM symbols based on port group(s) for UL 8-Tx precoding
· E.g., for m=2, map ports {0, 1, 4, 5} to one symbol, map ports {2, 3, 6, 7} to another symbol;
· E.g., for m=4, map ports {0, 4}, {1, 5}, {2, 3}, {6, 7} to 4 respective symbols.
Proposal 14: For 8-port SRS design with TDM scheme, narrowing down existing resource mapping designs is not needed.
Proposal 15: For 8-port SRS design with TDM scheme, TDM factor s = {1, 2} or {1, 2, 4} should be configured as an explicit RRC parameter.
5 References
[1] Chair's notes RAN1#112
[2] Chair's notes RAN1#111
[3] Chair's notes RAN1#110b-e
[4] Chair's notes RAN1#110
[bookmark: _GoBack]
image3.emf
-4 -3 -2 -1 0 1 2 3 4 5 6

SNR(dB)

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

Comparison of SRS with CS of Comb=4

Power offset=0dB

Power offset=3dB

Power offset=6dB

Power offset=9dB


image4.png
Comparison among baseline, Option1 and Option 2

—— Baseline
—&— option 1
~—+— option 2

102
S

SNR(dB)




image5.png




image6.png




image7.png
I




image8.png




image9.png




image10.png




image11.wmf
max

,

CS

SRS

n


oleObject1.bin

oleObject2.bin

oleObject3.bin

image12.wmf
CS

SRS

n


oleObject4.bin

oleObject5.bin

oleObject6.bin

oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

oleObject19.bin

oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

oleObject24.bin

image13.wmf
TC

k


oleObject25.bin

oleObject26.bin

oleObject27.bin

oleObject28.bin

oleObject29.bin

oleObject30.bin

oleObject31.bin

image14.png
ngns € (Nens /27 Mgps . —1}




oleObject32.bin

oleObject33.bin

oleObject34.bin

oleObject35.bin

oleObject36.bin

oleObject37.bin

oleObject38.bin

oleObject39.bin

oleObject40.bin

oleObject41.bin

oleObject42.bin

image1.png




image2.emf
-4 -2 0 2 4 6 8

SNR(dB)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

M

S

E

Comparison of SRS different power offset

Power offset=0dB

Power offset=3dB

Power offset=6dB

Power offset=9dB


