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1 [bookmark: _Ref521334010]Introduction
In RAN1 #106bis-e meeting, the solutions for SRS enhancement had been discussed and the following agreement had been achieved [1]:
	On AP-SRS flexibility triggering
Agreement
Bit width of SOI depends on the maximum number of “t” values configured for any of the aperiodic SRS resource sets (FFS: across all CCs or across a CC/BWP)
· The SOI field is 0 bit if the maximum number of ‘t’ values is one
· If at least one resource set has “t” configured
· For the resource sets with “t” value configured, each of them is configured with K values of “t”, where 1<=K<=4
· t=0 applies for the resource set(s) without “t” configured in RRC
· If none of the resource sets is configured with “t” values, follow Rel-15 approach to determine slot offset
On up to 8Rx anenna switching
Agreement
For two SRS resource sets of an xTyR antenna switching located in two consecutive slots, if UE is capable of transmitting SRS in all symbols in one slot, a minimum gap period of Y symbols exists between the last OFDM symbol occupied by the SRS resource set in the first slot and the first OFDM symbol occupied by the SRS resource set in the second slot
· The value of Y is same as the inter-resource GP defined in Rel-15 
· FFS: Whether or not the minimum GP exists can be RRC configurable subject to UE capability
· Whether this inter-set GP is needed for 4T6R can be discussed later per the decision on 4T6R configuration.
· FFS: How/Whether to handle the case where the interval between SRS resource sets is larger than Y
Agreement
For extension of aperiodic antenna switching SRS configurations for <=4Rx, support N=4 for 1T4R and N=2 for 1T2R/2T4R.
· The above extension is UE optional
Agreement
On SRS configuration for 4T6R, select at least one from the following three alternatives in RAN1#107e
· Alt 1: 4 + 2
· Alt 2: 2+2+2
· Alt 2-1: 
· No guard symbols exist between the 1st and the 2nd transmission. Y guard symbol(s) exist between 2nd and 3rd transmission, where Y is same as the value defined in the current specification for different SCSs
· Alt 2-2: 
· For SCS=15, 30 and 60KHz: No guard symbols exist
· For SCS=120 KHz: No guard symbols exist between the 1st  and the 2nd transmission, and 1 guard symbol exists between the 2nd and 3rd transmission
· Clarification on the notation: [image: cid:image003.png@01D7C59E.E5BB21F0] means totally K resources are needed, where the k-th resource contains [image: cid:image004.png@01D7C59E.E5BB21F0] ports, 1<=k<=K
On SRS coverage and capacity enhancement
Agreement
For the detailed pattern of khopping when start RB location hopping across legacy FH periods is enabled, support the following
· For PF = 2, khopping = {0, 1}
· For PF = 4, khopping = {0, 2, 1, 3}
· Note: [image: 1]  means [image: 2] for the (n+1)-th legacy FH period, where n = {0, 1, 2, 3, …}
Agreement
For comb-8 SRS in Rel-17, the maximum number of CSs is 6.
· FFS: Whether a maximum number of 12 CSs is supported



In this contribution, our views on remaining issues of Rel-17 SRS enhancement are provided.
2 Enhancements on AP-SRS triggering
2.1. Indication of t
In the last e-meeting, it was agreed that the bit width of SOI depends on the maximum number of “t” values configured for any of the aperiodic SRS resource sets. One remaining issue is whether the SRS resource sets should be SRS resource sets across all CCs or across a CC/BWP. Whether the SRS resource sets are sets across all CCs or across a CC/BWP determines the application granularity of Rel-17 flexible triggering and the conditions for DCI overhead change due to bit width of SOI. If the SRS resource sets are sets across all CCs, when any SRS resource set for the UE is configured with more than one “t” values, a non-zero SOI filed is needed in DCI format 0_1/ 0_2/1_1/1_2. It will cause un-necessary SOI overhead for some CCs. If the SRS resource sets are sets across a BWP, the bit width of SOI filed would be change if the active BWP of a CC changed from a BWP with at least one SRS resource sets configured with multiple “t” values to a BWP with no SRS resource set configured with “t” value. It would increase UE’s complexity on DCI monitoring. Determining the bit width of SOI filed according to the SRS resource sets across a CC is preferred since it is a compromise of DCI overhead and complexity.
Proposal 1:
· The bit width of SOI depends on the maximum number of “t” values configured for any of the aperiodic SRS resource sets across a CC.
2.2. Collision handling
In Rel-16, whether multiple AP-SRS resource sets in different CCs are allowed to be overlapped in time domain or not subjects to UE capability, and multiple AP-SRS resource sets in the same CC are not expected to be collided. The collision of AP-SRS resource sets in the same CC and the collision of AP-SRS resource sets in multiple CCs that does not support simultaneously SRS transmission have to be avoided by gNB’s implementation. Since the transmission slot for an AP-SRS resource set is the k-th slot counting from the slot triggering the set, where k is configured by RRC, gNB can avoid overlapping of two AP-SRS resource set by configuring them with different k values.
For Rel-17 flexible AP-SRS triggering, an SRS resource set is transmitted in the t-th available slot counting from n+k, where n is the slot triggering the set, and t is selected by DCI from multiple values configured by RRC. The determination of “available slot” is related to the slot format when the SRS resource set is triggered. Since the slot format can be dynamically changed by SFI indication and the scheduling of DL/UL signals in flexible slots, it is difficult for gNB to ensure that the two AP-SRS resource sets configured with the same trigger state are always in different slots. Therefore collision handling for multiple AP-SRS resource sets is necessary.
In the last e-meeting, several dropping rules for collision handling among multiple aperiodic SRS resource sets in a same CC or different CCs were discussed and the majority supports the following two rules:
· Rule 1 – Based on usage
· Rule 2 – Based on set ID and CC ID
Rule 1 is not a complete solution since it cannot handle the cases that multiple SRS resource sets with same usages in multiple CCs are collided. 
Rule 2 is a good solution to handle all possible collision cases for multiple SRS resource sets in the same CC or multiple CCs. One possible solution of Rule 2 is that the priority of SRS resource sets are determined by CC ID first and then set ID. That is, for two SRS resource sets in different CCs, the SRS resource set in the CC with lower ID is of higher priority than the other SRS resource set, and for two SRS resource sets in the same CC, the SRS resource set with lower set ID is of higher priority than the other SRS resource set. With Rule 2, if gNB expects an SRS resource set for a typical usage to be of higher priority, gNB can set the SRS resource set with lower set ID. Therefore a combination of rule 1 and rule 2 is not needed. 
Proposal 2:
· Introduce the following dropping rule when collision happens among multiple aperiodic SRS resource sets in a same CC or different CCs:
· Rule 2– Based on set ID and CC ID.
On collision of Rel-17 flexible aperiodic SRS and semi-persistent/periodic SRS resources, the same dropping rule as that in Rel-16 can be used, i.e. aperiodic SRS is of higher priority.
On collision of Rel-17 flexible aperiodic SRS and PUSCH/PUCCH/PRACH, collision handling is also desired to increase the scheduling flexibility. For the collision in the same CC, same handling rule as that specified in Rel-16 can be used. For the collision in different CCs, similar dropping rule as that specified for collision handling of aperiodic SRS for antenna switching and other UL signals can be used, i.e., if the SRS overlaps with PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH, the SRS in the overlapped symbols are dropped, otherwise the other UL signal is dropped.
Proposal 3:
· Introduce the following dropping rule when overlapping happens between a aperiodic SRS resource in a CC and a PUSCH/PUCCH/PRACH in another CC and result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability:
· If the SRS overlaps with PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH, the SRS in the overlapped symbols are dropped;
· Otherwise, the PUSCH/PUCCH is dropped.   
2.3. Flexible AP-SRS triggering
In previous meetings, AP-SRS triggering with DCI format 0_1/0_2 without data and without CSI request is supported. It is natural to support AP-SRS triggering with DCI format 0_1/0_2 without data but with a non-zero "CSI request" where the associated "reportQuantity" in CSI-ReportConfig set to "none" for all CSI report(s) triggered by "CSI request" in this DCI format 0_1 or 0_2. 
Proposal 4:
· Support DCI format 0_1 and 0_2 to trigger aperiodic SRS without data but with a non-zero "CSI request" where the associated "reportQuantity" in CSI-ReportConfig set to "none" for all CSI report(s) triggered by "CSI request" in this DCI format 0_1 or 0_2.
3 SRS usage reuse
The motivations of SRS usage reuse are DCI overhead reduction and SRS overhead reduction. In Rel-15, an SRS resource can be configured in multiple SRS resource sets with different usages. UE may apply different antenna virtualizations in the SRS transmission occasions for different usages. Since it is RAN1’s understanding in RAN1 #95 meeting that “If the UE is configured with an SRS resource associated with multiple sets with different SRS-setUse, then it is up to the UE for which SRS-setUse this SRS resource is transmitted for”, when an SRS resource is configured to be associated with an SRS resource set for “codebook” and an SRS resource set for “antennaSwitching”, it is our view that the performance of UL CSI acquisition can’t be guaranteed by using the SRS resource transmitted in the set for “antennaSwitching” and the performance of DL CSI acquisition can’t be ensured by using the SRS resource transmitted in the set for “codebook”. In order to support SRS resource sharing between different usages, UE’s antenna virtualization behavior of SRS resources for usage sharing should be clearly specified. One possible solution is that for an SRS resource configured in both SRS resource set for “codebook” and SRS resource set for “antennaSwitching”, when the SRS resource is transmitted in the SRS resource set for “antennaSwitching”, UE shall assume that it is used for both “codebook” and “antennaSwitching”.
Observation 1:
· SRS usage reuse is not well supported in Rel-15.
Proposal 5:
· SRS usage sharing between “codebook” and “antennaSwitching” is supported in Rel-17, 
· For an SRS resource set configured in both SRS resource set for “codebook” and SRS resource set for “antennaSwitching”, when the SRS resource is transmitted in the SRS resource set for “antennaSwitching”, UE shall assume that it is used for both “codebook” and “antennaSwitching” . 
4 SRS for antenna switching
4.1 [bookmark: _Hlk68044321]Configuration for 4T6R
The configuration of SRS for 4T6R is related to the antenna structure of the UE. In the last e-meeting, it was agreed to select one of the following alternatives on SRS configuration for 4T6R in this meeting:
· Alt 1: 4 + 2
· Alt 2: 2+2+2
· Alt 2-1: 
· No guard symbols exist between the 1st and the 2nd transmission. Y guard symbol(s) exist between 2nd and 3rd transmission, where Y is same as the value defined in the current specification for different SCSs
· Alt 2-2: 
· For SCS=15, 30 and 60KHz: No guard symbols exist
· For SCS=120 KHz: No guard symbols exist between the 1st  and the 2nd transmission, and 1 guard symbol exists between the 2nd and 3rd transmission
For the three alternatives, Alt 1 and Alt 2-2 require same number of symbols for SRS transmission (with guard symbols included). Compared to Alt 1 and Alt 2-2, Alt 2-1 requires one more symbol when SCS=120 KHz is configured and same number of symbols for other SCS configurations. For Alt 2-2, as some UE vendors commented in the last e-meeting, whether it can work depends on UE’s implementation and antenna structure. We prefer to specify a configuration scheme that with minimum overhead and can be used by UEs with any antenna structure, i.e., Alt 1 is preferred. Then for aperiodic antenna switching SRS, 1 SRS resource set with 2 SRS resources or 2 SRS resource sets with one SRS resource in each set can be configured, and for periodic/semi-persistent antenna switching SRS, 1 SRS resource set with 2 SRS resources can be configured.
Proposal 6:
· On SRS configuration for 4T6R,
· Alt 1(4 + 2) is supported
· For aperiodic SRS, 1 or 2 SRS resource sets can be configured, with totally 2 SRS resources, one with 4 ports and the other with 2 ports
· For periodic/semi-persistent SRS antenna switching, 2 SRS resources are configured in each SRS resource set, one with 4 ports and the other with 2 ports.
According to current specs, the transmit power of an SRS resource is calculated according to the power control parameters indicated by gNB, and then split equally across all the SRS antenna ports. Then if 4+2 resources are configured in the same SRS resource set for 4T6R, the transmit power of each SRS port in the 2-port SRS resource is expected to be twice that of the SRS port in the 4-port SRS resource. However, whether a UE is able to transmit a 2-port SRS resource with maximum output power depends on UE’s PA capability. For example, the maximum output power can be achieved by a 2-port SRS resource for a Class 3 UE with four PAs with 23dBm and cannot be achieved by a 2-port SRS resource for a Class 3 UE with four PAs with 17dBm. If the UE is not capable to transmit the 2-port SRS resource with the calculated transmit power, the transmit power of the 2-port SRS resource would be scaled. In order to make sure both gNB and UE have the same understanding on the relative transmit power of the SRS resources for 4T6R, we propose to adopt one of the following alternatives on the transmit power of SRS for 4T6R:
· Alt 1: The transmit power of each SRS port in an SRS resource for 4T6R is determined as if there are 4 ports in the SRS resource, i.e. for any SRS resource for 4T6R, each SRS port uses a quarter of the calculated transmit power(i.e.[image: ] in TS 38.213). 
· Alt 2: The transmit power of each SRS resource is calculated according to the power control mechanism in Rel-15/Rel-16 first. If the UE has to scale the calculated transmit power for the 2-port SRS resource, the calculated transmit power for the 4-port SRS resource is scaled accordingly to make sure the ratio of the transmit power for the 2-port SRS resource and the transmit power for the 4-port SRS resource is constant.
· Alt 3: gNB indicates the transmit power determination scheme for 4T6R to the UE,
· The candidate determination schemes can include one of Alt 1 and Alt 2, and the legacy power control mechanism in Rel-15/Rel-16;
· Whether the legacy power control mechanism is supported by a UE is subject to UE capability.
All of the three alternatives lead to constant relative power of 2-port SRS resource and 4-port SRS resource. For Alt 1, the transmit power for a port in the 2-port SRS resource is always the same as the transmit power for a port in the 4-port SRS resource. For Alt 2, the ratio of the transmit power for a port in the 2-port SRS resource and the transmit power for a port in the 4-port SRS resources is constant, where the ratio can be predefined or configured by gNB. For Alt 3, if a UE is capable to transmit 2-port SRS resource with maximum output power, it can report that legacy transmit power mechanism can be used for 4T6R, then gNB can configure which power control mechanism is used.
Proposal 7:
· On the transmit power determination of SRS resources for 4T6R, one of the following alternatives is supported:
· Alt 1: The transmit power of each SRS port in a SRS resource for 4T6R is determined as if there are 4 ports in the SRS resource, i.e. for any SRS resource for 4T6R, each SRS port uses a quarter of the calculated transmit power(i.e. [image: ]in TS 38.213). 
· Alt 2: The transmit power of each SRS resource is calculated according to the power control mechanism in Rel-15/Rel-16 first. If the calculated transmit power for the 2-port SRS resource is scaled, the calculated transmit power for the 4-port SRS resource is scaled accordingly to make sure the ratio of the transmit power for the 2-port SRS resource and the transmit power for the 4-port SRS resource is constant.
· Alt 3: gNB indicates the transmit power determination scheme for 4T6R to the UE,
· The candidate determination schemes can include one of Alt 1 and Alt 2, and the legacy power control strategy in Rel-15/Rel-16;
· Whether the legacy power control strategy is supported by a UE is subject to UE capability.
4.2 Enhancement for GP
For the transmission of SRS for antenna switching in Rel-15/Rel-16, in the case that the SRS resources of a set are transmitted in the same slot, a minimal guard period of Y= 1 or 2 symbols is configured in-between the SRS resources of the set, in which the UE does not transmit any other signal. For a UE supports quick antenna switching that takes less time than CP, allowing the UE to transmit SRS resources without guard period would be helpful to reduce the overhead and transmission latency of the SRS. We suggest allowing UE reports its capability on whether guard period of 0 is supported in Rel-17. 
Proposal 8:
· On the guard period in Rel-17 for SRS antenna switching, reporting whether the minimum guard symbol is needed between SRS resources in the same set/between SRS resource sets in two consecutive slots is supported.
In last e-meeting, it was agreed that a minimal guard period of Y symbols exists between two SRS resource sets of an xTyR antenna switching located in two consecutive slots. One open issue is that how/whether to handle the case where the interval between SRS resource sets is larger than Y. If the whole interval is considered to be guard period, no signal can be transmitted in the whole interval. It would be a waste of resources. In order to avoid wasting resources, we prefer to predefine the position of guard period. Then the symbols in the interval other than the guard period can be used to transmit other DL/UL signals. One solution is that for two adjective SRS resource sets, Y symbols in front of the later SRS resource is the guard period, i.e., if the later SRS resource set is started at symbol m, the guard period is symbol (m-Y) to (m-1).
Proposal 9:
· UL/DL signal transmission in the interval between SRS resource sets for antenna switching is allowed when the interval is larger than Y symbols. 
· If the interval between two SRS resource sets for antenna switching is larger than Y symbols, the position of guard period is Y symbols in front of the start symbol of the later SRS resource set.
4.3 Enhancement for antenna switching SRS for 1T4R
In Rel-15, the SRS configuration for 1T4R, 2T4R, T = R and 1T2R are designed under the restriction that SRS only can be transmitted over the last 6 OFDM symbols. Therefore only configurations of 0/2 sets for 1T4R, 0/1 set for 2T4R, 0/1 set for 1T2R, or up to two set for T = R are supported for aperiodic SRS in Rel-15. In the last e-meeting, N=4 for 1T4R and N=2 for 1T2R/2T4R is further supported.
[bookmark: _Hlk68045951]Since SRS transmission over any OFDM symbols within the slot is supported in Rel-17, fewer SRS resource sets and more SRS resources in a set can be supported for 1T4R, i.e., one SRS resource set with four SRS resources in the set. One SRS resource set with 6 SRS resources for 1T6R and one SRS resource set with 4 SRS resources for 2T8R is already supported, hence it is natural to support one SRS resource set with four SRS resources for 1T4R.
Proposal 10:
· Support N = 1 for aperiodic SRS configuration for 1T4R.
4.4. Flexible antenna switching
In order to support up to 8Rx, more SRS resources would be configured for antenna switching. For example, up to 8 SRS resources would be configured for 1T8R. Configuring more SRS resources means larger overhead and latency. In some scenarios, gNB may not need the UE to sound all the SRS resources. In Rel-16, the SRS configuration for antenna switching is RRC configured and only can be configured for one scheme of xTyR, so RRC reconfiguration is needed to change the number of SRS resources that is to be sounded. It is beneficial to support more flexible and faster SRS reconfiguration in Rel-17. 
In the last meeting, whether indicating the used SRS resources from the configured SRS resources in SRS resource set(s) for antenna switching is supported and whether the indication should be via MAC CE or DCI were discussed. Indicating the used SRS resources from the configured SRS resources in SRS resource set(s) for antenna switching via MAC CE can be applied for SRS resource sets with any time behavior (aperiodic, periodic, or semi-persistent), but it requires new design of MAC CE signaling and its benefits compared to semi-persistent reconfiguration of SRS by RRC signaling is not clear. One solution for indicating the used SRS resources from the configured SRS resources in SRS resource set(s) for antenna switching via DCI is that different SRS resource sets for multiple xTyR schemes are configured by RRC, and DCI is used to indicate the triggered xTyR schemes. Alt 2 can be have little spec effect by configuring SRS resource sets for different xTyR schemes with different trigger state, then it is flexible for DCI to trigger aperiodic SRS resource sets for different xTyR schemes.
Reporting preferred antenna switching scheme by UE may be helpful for gNB to determine whether partial or all of the SRS resources are sounded. In our view, whether partial or all of the SRS resources are sounded should be determined by gNB, so the reporting should not be a capability reporting.
Proposal 11:
· [bookmark: _GoBack]Configuring SRS resource sets for different antenna switching schemes are supported, where different SRS resource sets for different antenna switching schemes are configured with different trigger states.
5 Enhancement on SRS for capacity and coverage
5.1. Discussion on RB-level partial frequency sounding
For RB-level partial frequency sounding (RPFS), some remaining issues need to be addressed: 1) The bandwidth of RPFS; 2) Whether/how to support start RB location hopping within one hopping period or on aperiodic SRS; 3) Whether to introduce DCI and/or MAC-CE to determine  and enable/disable the start RB location hopping; 4) Whether RPFS is applicable to non-frequency hopping. In this subsection, our proposals for these issues are respectively given.
Issue 1: The bandwidth of RPFS.
In RAN1 #104 bis e-meeting, the following agreement on the bandwidth of RPFS has been achieved [3]:
	Agreement
· Support at least one of the following alternatives (to be decided in RAN1#105-e)
· Alt 1: [image: a] is an integer value
· Alt 2: [image: a] is an integer value with minimum value 4
· Alt 3: [image: a] is a multiple of 4
· Alt 4: Round [image: a] to a multiple of 4 in case of Alt 1 or Alt 2


This issue has been discussed for several meetings. But different companies have different views on the four alternatives. According to agreement in RAN1#106-e and RAN1#104e meeting[2], [4], the generated length of ZC sequence of RPFS is , where  denotes the comb size, and no new sequence including length is introduced. In current specification, the SRS bandwith should be multiple of 4. If  is not a multiple of 4, Alt 1 and Alt 2 may introudce new sequence, and the enchaned SRS cannot be multiplexed with legacy SRS. In contrast, Alt 3 does not have such restriction. However, Alt3 has restriction on the configured subband bandwidth. The result is that many bandwidths are not allowed to configure if  is not a multiple of 4. Alt 4 allows configuration of more bandwidths. In addition, Alt 3 and Alt 4 can support the multiplexing between legacy SRS and SRS with partial frequence sounding in frequency domain. In fact, Alt 4 incudes Alt 3 since a multiple of 4 after rounding is still a multiple of 4. Hence, it is just fine to support Alt 4.
Proposal 12: 
· Alt 4, i.e., roundafter is multiple of 4, is supported. 
Issue 2: Whether/how to support start RB location hopping within one hopping period or on aperiodic SRS
The start RB location hopping has been supported for periodic and semi-persistent SRS, and the start RB location is hopped in different SRS frequency hopping periods. Assume  and hopping period is 10 ms, it needs four hopping periods, i.e., 40 ms, to sound the entire bandwidth. If the uplink channel is time-varying, the channel estimation of entire bandwidth may be not accurate. If the start location hopping is supported within a frequency hopping period, the entire bandwidth may be sounded in one frequency hopping period, which can reduce the latency of sounding the whole bandwidth and improve the channel estimation accuracy without requiring additional interpolation calculation. Therefore, the start RB location should be allowed to hop in one hopping period.
For aperiodic SRS (A-SRS), it is impossibe to sound entire bandwidth through multiple frequency hopping periods when RPFS is adopted. Now that the start RB location hopping is supported for periodic and semi-persistent SRS, the start location hopping should be supported for A-SRS as well considering specification integrality. 
Proposal 13:
· The start RB location hopping should be applicable on SRS occasion(s) within one hopping period or on aperiodic SRS.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In order to sound the entire bandwidth in one hopping period, SRS should be transmitted in different sets of PRB within one period or for an A-SRS. We can make the start RB location different at different OFDM symbols, i.e., the start RB location is associated with SRS symbol location. One simple way is that the start RB location at different symbols is defined as
                  (1)
where denotes the number of SRS symbols in a hopping, which may be set to equal to R. Note that when R > 1 and the start RB location hopping is enabled, R falls back to one for such case. For example, , , R=4 are configured. The start RB location of partial frequency bandwidth in each hopping on the different symbols can be calculated by using (1), as illustrated in Figure 1.


Figure 1: RFPS application on frequency hopping in one hopping period with the start RB location hopping, .
We can see that the channel of entire bandwidth can be directly esimated according to the parital bandwidth transmission of SRS on different symbols in one hopping peroid. Assume that frequency hopping is not configured and the start RB location is enabled for a user. Both  symbols in an SRS resource and  are configured to UE. The start RB location of partial frequency sounding on different symbols can be calculated by using (1) and is illustrated in Figure 2. This fulfills the same function with frequency hopping. However, if frequency hopping is reconfigured through RRC signaling, it results additional downlink signaling overhead.


Figure 2: RPFS application on non-frequency hopping with the start RB location hopping, 
Proposal 14: 
· The start RB location can be hopped as  in one hopping period or for a-periodic SRS, where dentoes the location of SRS symobl in a slot.
Issue3: Whether to introduce DCI and/or MAC-CE to determine  and enable or disable the start RB location hopping
There are more than one candidate PF values, and at least one is used as RPFS. The following two alternatives can be used to configure PF value to UE.
· Alt1: Configuring a PF value through RRC signaling
· Alt2: Configuring a list of PF values and indicating one
Alt 1 has been supported [3]. Compared withAlt1, Alt2 is more flexible so that PF value can be semi-statically or dynamically indicated. For periodic SRS (P-SRS), Alt1 is simple and preferred to configure a PF value through RRC signaling. Assume a list of PF values have been configured through RRC signaling. For semi-persistent (SP-SRS) or A-SRS, MAC-CE or DCI is used to activate or trigger SRS transmission. At the same time, the MAC-CE or DCI can also indicate a PF value from the configured list of PF values. Therefore, it does not require additional signaling for SP-SRS and A-SRS. When the transmission power is limited for a UE, larger value of PF is indicated to the UE for boosting SRS transmission power per tone. For such case, Alt2 can be applied so that the value is indicated to this UE by using MAC-CE or DCI signaling. Alt 2 can avoid PF value to be reconfigured by using RRC signaling.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]It was agreed that the start RB location hopping can be enable or disable through RRC in [1]. In order to make the start RB location hopping flexible, DCI and/or MAC-CE should be introduced to enable or disable the start RB location hopping. For example, an A-SRS resource with  and  is configured through RRC, and the frequency hopping is enabled as shown in Figure 3. The repetition factor R is set to 2. We can observe that only partial sets of PRB with SRS transmission. If gNB wants the UE to transmit SRS on entire bandwidth, the start RB location hopping can be enabled through DCI indication, and  is calculated by expression (1). In this way, SRS can be transmitted different sets of PRB on different symbols, as shown in Figure 4. Note that R falls back to one after DCI indication instead of two configured by RRC.   


Figure 3:  with frequency hopping and without the start RB location hopping
[image: ]
Figure 4: ,  with frequency hopping and the start RB location hopping
Proposal 15:
· DCI and/or MAC-CE should be introduced to determine PF and enable or disable the start RB location hopping.
[bookmark: OLE_LINK11]Issue4: Whether RPFS is applicable to non-frequency hopping
For non-frequency hopping, the SRS bandwidth is fixed after RRC configuration. For a cell edge UE, SRS bandwidth can be reduced to improve its SRS coverage. One way is that the smaller SRS bandwidth is reconfigured through RRC signaling, as does as legacy SRS transmission. The other way is that PF value is configured for RPFS. If the start RB location hopping is disabled, the two ways provide the same function. Both PF and  can be determined through RRC, DCI and/ or MAC-CE. If DCI and/or MAC-CE are adopted, SRS can be transmitted on partial bandwidth without requiring RRC reconfiguration, such that bandwidth of SRS can be dynamically changed. The other benefit is that power boost on SRS transmission is achieved by using RPFS to enhance SRS coverage and capacity. Therefore, partial sounding should be also applicable to non-frequency hopping.
Proposal 16:
·  RB-level partial frequency sounding can be applicable to non-frequency hopping.
5.2. Discussion on Comb-8
In the last meeting, the maximum number of 6 cyclic shifts (CSs) is supported for Comb-8. We believe that the maixmum number of 12 CSs should be also supported, since it can increase SRS capacity comparing with the maximum number of 6 CSs. The number of SRS ports can be multiplexed on to an OFDM symbol is up to ., where denotes the maximum number of CSs. Then, the SRS ports can be up to 96 for maximum number of 12 CSs. While the SRS ports is up to 48 ports for maximum number of 6 CSs.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 17:
· The maximum number of 12 cyclic shifts should be supported.
5 Conclusions
In this contribution, we provided our views on the enhancement for Rel-17 SRS. We have the following observations and proposals:
Proposal 1:
· The bit width of SOI depends on the maximum number of “t” values configured for any of the aperiodic SRS resource sets across a CC.
Proposal 2:
· Introduce the following dropping rule when collision happens among multiple aperiodic SRS resource sets in a same CC or different CCs:
· Rule 2– Based on set ID and CC ID.
Proposal 3:
· Introduce the following dropping rule when overlapping happens between a aperiodic SRS resource in a CC and a PUSCH/PUCCH/PRACH in another CC and result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability:
· If the SRS overlaps with PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH, the SRS in the overlapped symbols are dropped;
· Otherwise, the PUSCH/PUCCH is dropped.
Proposal 4:
· Support DCI format 0_1 and 0_2 to trigger aperiodic SRS without data but with a non-zero "CSI request" where the associated "reportQuantity" in CSI-ReportConfig set to "none" for all CSI report(s) triggered by "CSI request" in this DCI format 0_1 or 0_2.
Proposal 5:
· SRS usage sharing between “codebook” and “antennaSwitching” is supported in Rel-17, 
· For an SRS resource set configured in both SRS resource set for “codebook” and SRS resource set for “antennaSwitching”, when the SRS resource is transmitted in the SRS resource set for “antennaSwitching”, UE shall assume that it is used for both “codebook” and “antennaSwitching” . 
Proposal 6:
· On SRS configuration for 4T6R,
· Alt 1(4 + 2) is supported
· For aperiodic SRS, 1 or 2 SRS resource sets can be configured, with totally 2 SRS resources, one with 4 ports and the other with 2 ports
· For periodic/semi-persistent SRS antenna switching, 2 SRS resources are configured in each SRS resource set, one with 4 ports and the other with 2 ports.
Proposal 7:
· On the transmit power determination of SRS resources for 4T6R, one of the following alternatives is supported:
· Alt 1: The transmit power of each SRS port in a SRS resource for 4T6R is determined as if there are 4 ports in the SRS resource, i.e. for any SRS resource for 4T6R, each SRS port uses a quarter of the calculated transmit power(i.e. [image: ]in TS 38.213). 
· Alt 2: The transmit power of each SRS resource is calculated according to the power control mechanism in Rel-15/Rel-16 first. If the calculated transmit power for the 2-port SRS resource is scaled, the calculated transmit power for the 4-port SRS resource is scaled accordingly to make sure the ratio of the transmit power for the 2-port SRS resource and the transmit power for the 4-port SRS resource is constant.
· Alt 3: gNB indicates the transmit power determination scheme for 4T6R to the UE,
· The candidate determination schemes can include one of Alt 1 and Alt 2, and the legacy power control strategy in Rel-15/Rel-16;
· Whether the legacy power control strategy is supported by a UE is subject to UE capability.
Proposal 8:
· On the guard period in Rel-17 for SRS antenna switching, reporting whether the minimum guard symbol is needed between SRS resources in the same set/between SRS resource sets in two consecutive slots is supported.
Proposal 9:
· UL/DL signal transmission in the interval between SRS resource sets for antenna switching is allowed when the interval is larger than Y symbols. 
· If the interval between two SRS resource sets for antenna switching is larger than Y symbols, the position of guard period is Y symbols in front of the start symbol of the later SRS resource set.
Proposal 10:
· Support N = 1 for aperiodic SRS configuration for 1T4R.
Proposal 11:
· Configuring SRS resource sets for different antenna switching schemes are supported, where different SRS resource sets for different antenna switching schemes are configured with different trigger states.
Proposal 12: 
· Alt 4, i.e., roundafter is multiple of 4, is supported. 
Proposal 13:
· The start RB location hopping should be applicable on SRS occasion(s) within one hopping period or on aperiodic SRS.
Proposal 14: 
· The start RB location can be hopped as  in one hopping period or for a-periodic SRS, where dentoes the location of SRS symobl in a slot.
Proposal 15:
· DCI and/or MAC-CE should be introduced to determine PF and enable or disable the start RB location hopping.
Proposal 16:
·  RB-level partial frequency sounding can be applicable to non-frequency hopping.
Proposal 17:
· The maximum number of 12 cyclic shifts should be supported.
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