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1 [bookmark: _Ref521334010]Introduction
In RAN1 #107 e-meeting, the following agreements on Rel-17 SRS enhancement were achieved [1]:
	Agreement
When ca-SlotOffset is configured, reference slot to use the Rel-17 mechanism for determining the SRS offset is slot [image: 107a], otherwise reference slot is [image: 107b] where  [image: ] are determined by ca-SlotOffset configurations of the PDCCH carrier and SRS carrier.

Agreement
For a CC with t value configured, SOI bit width depends on the maximum number of t values configured for all the resource sets across all configured BWPs in a CC for SRS transmission.
· For the CCs without any t value configured, follow Rel-15/16 mechanism to determine the SRS slot offset, where SOI bit width is 0

Working assumption
To support 4 ports with Max CS = 6, 
· Port 0 and Port 2 locate in n_CS and (n_CS+3) mod 6 in comb offset k_TC, respectively. 
· Port 1 and Port 3 locate in n_CS and (n_CS+3) mod 6 in comb offset (k_TC + 4) mod 8, respectively. 
· Note: n_CS and k_TC are the configured CS and comb offset values.
· Note: This working assumption can be revisited if Max CS = 12 is agreed.

Agreement
For aperiodic SRS, support same start RB location hopping approach as for P/SP SRS if there are multiple frequency hopping period in the slot

Conclusion
In Rel-17, SRS 4T6R is not supported

Conclusion
No consensus to have further restriction on the number of RBs for RPFS in Rel-17.
· No introduction of new sequence length

Conclusion
There is no consensus in RAN1 to support Max CS = 12 for comb-8 in Rel-17.


In this contribution, our views on remaining issues of Rel-17 SRS enhancement are provided.
2 Enhancements on AP-SRS triggering
2.1. Configuration of available slot offset
It is specified in current TS 38.214 that the parameter AvailableSlotOffset can be configured with up to 4 different values. In previous meetings, we only have the agreement that up to 4 ‘t’ values (available slot offsets) can be configured for a SRS resource set, but don’t have the restriction that all of the 4 ‘t’ values are different. Since ‘t’ values for each SRS resource sets are configured separately, even if 2 ‘t’ values configured for a SRS resource set are the same, the sets of ‘t’ values for the SRS resource sets that triggered simultaneously can be different. For example, if SRS resource set 1 and SRS resource set 2 are triggered simultaneously, and the ‘t’ values configured for SRS resource set 1 and SRS resource set 2 are {2, 2} and {1,3} respectively. Then the set of ‘t’ values for the two SRS sets are{ 2 for SRS set 1, 1 for SRS set 2} when SRS offset indicator indicates “0”, and the set of ‘t’ values for the two SRS sets are{ 2 for SRS set 1, 3 for SRS set 2} when SRS offset indicator indicates “1”. Therefore the restriction that all the ‘t’ values for a SRS resource set are different is not needed.
Proposal 1:
· When multiple ‘t’ values are configured for a SRS resource set, same or different values can be configured.
Proposal 2:
· Adopt the following TP for TS38.214 on AP-SRS:
----------------Start of TP for TS38.214---------------------
[bookmark: _Toc11352157][bookmark: _Toc20318047][bookmark: _Toc27299945][bookmark: _Toc29673219][bookmark: _Toc29673360][bookmark: _Toc29674353][bookmark: _Toc36645583][bookmark: _Toc45810632][bookmark: _Toc91695507]6.2.1	UE sounding procedure
……
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet or SRS-PosResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a list of zero up to four different available slot offset values from the reference slot n + k to the slot where the aperiodic SRS resource set is transmitted where n is the slot with triggering DCI and k is SlotOffset is defined by the higher layer parameter AvailableSlotOffset. The parameter AvailableSlotOffset can be configured up to 4 different values. For an SRS-PosResourceSet configured with higher layer parameter resourceType set to 'aperiodic', the slot level offset is defined by the higher layer parameter slotOffset for each SRS resource.
……
-	t is configured via higher layer parameter availableSlotOffset with up to four different values for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission. When one or more SRS resource sets across all configured BWPs in a component carrier are configured, and at least one resource set is configured with availableSlotOffset parameter of more than one values, the indicated value of availableSlotOffset is indicated by SOI field in DCI scheduling PUSCH/PDSCH and DCI 0_1/0_2 without data and without CSI request described in [5, TS 38.212]. The UE shall apply indicated value of availableSlotOffset set specifically for those sets with configured availableSlotOffset parameter. When one or more SRS resource sets across all configured BWPs in a component carrier are configured and at least one resource set is configured with availableSlotOffset parameter, and the availableSlotOffset parameter for each SRS resource set has only one value, the UE shall apply the configured value of availableSlotOffset specifically for those sets with configured availableSlotOffset parameter. For SRS resource set configured with availableSlotOffset parameter, each of resource set is configured with K values of availableSlotOffset parameter. For SRS resource set configured without availableSlotOffset parameter, t = 0 is applied for each of resource set.
……
----------------End of TP for TS38.214---------------------
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 RAN1#106bis 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 3:
· 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 4:
· 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 5:
· 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 6:
· Adopt the following TP for section 6.1 inTS38.214:
----------------Start of TP for TS38.214---------------------
[bookmark: _Toc11352138][bookmark: _Toc20318028][bookmark: _Toc27299926][bookmark: _Toc29673199][bookmark: _Toc29673340][bookmark: _Toc29674333][bookmark: _Toc36645563][bookmark: _Toc45810608][bookmark: _Toc91695478]6.1	UE procedure for transmitting the physical uplink shared channel
…….
A UE shall upon detection of a PDCCH with a configured DCI format 0_0, 0_1 or 0_2 transmit the corresponding PUSCH as indicated by that DCI unless the UE does not generate a transport block as described in [10, TS38.321]. Upon detection of a DCI format 0_1 or 0_2  with 'UL-SCH indicator' set to '0' and 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, the UE ignores all fields in this DCI except the 'CSI request' and 'SRI request' and the UE shall not transmit the corresponding PUSCH as indicated by this DCI format 0_1 or 0_2. ……
----------------End of TP for TS38.214---------------------
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 7:
· 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 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 RAN1#106bis 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 to handle the case where the interval between SRS resource sets is larger than Y. In RAN4 #101bis e-meeting, the following two questions related to the issue were discussed:
Question 1: Is UE expected to transmit other signals between SRSs belonging to different set where usage is set to antenna switching? 
Question 2: Should there be a guard period defined in RAN1 specs or a switching time defined in ran4 specs in between SRSs and other signals?
RAN4 informs to RAN1 in LS [2] with the following outcomes on the questions:
· RAN4 thinks not sending PUSCH and PUCCH between SRS resources belonging to different sets where usage is set to antenna switching is inefficient. 
· RAN4 clarifies that the transient period between SRS resources is 15us.
We have similar view as RAN4 that transmitting other signals in the interval between the two SRS resource sets located in two consecutive slots should be allowed. In Rel-15 and Rel-16, there is no guard period defined between an SRS and other signals. It is an efficient solution that if gNB schedules a signal in an adjacent symbol with an SRS resource for antenna switching, UE can transmit the SRS for the SRS resource with the same Tx chain as that for the signal, and transmit other SRS(s) with other Tx chain(s). Similarly, guard period between an SRS resource and other signals transmitted between the two SRS resource sets is not needed in Rel-17.
Since it has been agreed that a minimal guard period of Y symbols exists between two SRS resource sets located in two consecutive slots, it can be ensured by gNB’s implementation that at least Y symbols in the interval between two SRS resource sets located in two consecutive slots are not scheduled with UL transmission..
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, UE expects that at least Y consecutive symbols in the interval between the two SRS resource sets are not scheduled with UL transmission.
4.2 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 RAN1 #106bis 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.
4.3. 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 RAN1 #106bis e-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:
· 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
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]5.1. Discussion on RB-level partial frequency sounding
For RB-level partial frequency sounding (RPFS), some remaining issues need to be addressed: 1) Whether/how to support start RB location hopping within one hopping period; 2) Whether to introduce DCI and/or MAC-CE to determine  and enable/disable the start RB location hopping; 3) Whether needs restriction of application for partial frequency sounding . In this subsection, our proposals for these issues are respectively given.
Issue 1: Whether/how to support start RB location hopping within one hopping period 
The start RB location hopping has been supported for periodic SRS (P-SRS), semi-persistent SRS (SP-SRS) and aperiodic SRS (A-SRS) resource, and the start RB location is hopped in different SRS frequency hopping periods. Assume  and hopping period is 10 ms for P-SRS and SP-SRS resource, 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 one 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.
Proposal 12:
· The start RB location hopping should be applicable on SRS occasion(s) within one hopping period.
[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 for P-SRS and SP-SRS resource. 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 13: 
· The start RB location can be hopped as  in one hopping period, where dentoes the location of SRS symobl in a slot.
Issue2: 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 [4]. Compared withAlt1, Alt2 is more flexible so that PF value can be semi-statically or dynamically indicated. For 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 SP-SRS or A-SRS resource, 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 [3]. 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 14:
· DCI and/or MAC-CE should be introduced to determine PF and enable or disable the start RB location hopping.
Issue3: Whether needs restriction of application for partial frequency sounding
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. It has been supported that RPFS is applicable to frequency hopping [3]. RPFS should be also applicable to non-frequency hopping, i.e., it is not necessary to restrict the application for partial frequency sounding.
Proposal 15:
·  Any restriction of application for partial frequency sounding is not needed.
5.2. Text proposal for Rel-17 SRS coverage and capacity enhancement
In RAN1#106-e, the following agreement was made on the number of SRS resource in a slot and the repetition factor R for Rel-17 SRS coverage and capacity enhancement [4].
Agreement
For SRS increased repetitions in Rel-17, support the following configurations, and no other values are supported.
· (N_symbol, R) = {(8, 1), (8, 2), (8, 4), (8, 8), (12, 1), (12, 2), (12, 3), (12, 4), (12, 6), (12, 12), (10, 1), (10, 2), (10, 5), (10,10), (14, 1), (14, 2), (14, 7), (14, 14)}
· Note: N_symbol SRS symbols are adjacent in a slot.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]According to the agreement,  should be divisible by . Both the number of SRS resource and the repetition factor for Rel-17 SRS coverage and capacity enhancement are configured by the higher layer parameter resourceMapping-r17 in SRS-Resource. However, the value of R is not captured in current specification. In addition, it is not accurately captured as well how to transmit SRS with frequency hopping when > 4, R > 2. In order to capture the above agreement, we provide the following text proposal.
----------------Start of TP for TS38.214---------------------
6.2.1.1	UE SRS frequency hopping procedure







[bookmark: _Hlk498001679]For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} and R∈{1,2,3,4,5,6,7,8,10,12,14} by higher layer parameter resourceMapping and resourceMapping-r17, respectively,in SRS-Resource where R≤Ns. When frequency hopping within an SRS resource in each slot is not configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all the  symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1), according to the SRS hopping parameters , and defined in clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns > 4, R > 2), each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols, and frequency hopping across the  two  pairs is according to the SRS hopping parameters , and ,where  should be divisible by .
For operation with shared spectrum channel access, the UE does not expect that multiple hops of an SRS resource transmission are in different RB sets.

A UE may be configured adjacent symbol aperiodic SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across  symbols when frequency hopping is configured with R=1. A UE may be configured  adjacent symbols aperiodic SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across two   pairs of R adjacent OFDM symbols, when frequency hopping is configured with R=2 and should be divisible by . Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols of the resource.

A UE may be configured symbol periodic or semi-persistent SRS resource with inter-slot hopping within a bandwidth part, where the SRS resource occupies the same symbol location in each slot. A UE may be configured symbol periodic or semi-persistent SRS resource with intra-slot and inter-slot hopping within a bandwidth part, where the N-symbol SRS resource occupies the same symbol location(s) in each slot. For , when frequency hopping is configured with R=2, intra-slot and inter-slot hopping is supported with each of the antenna ports of the SRS resource mapped to different sets of subcarriers across  two  pairs of R adjacent OFDM symbol(s) of the resource in each slot, where  should be divisible by R. Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols of the resource in each slot. For Ns= R, when frequency hopping is configured, inter-slot frequency hopping is supported with each of the antenna ports of the SRS resource mapped to the same set of subcarriers in R adjacent OFDM symbol(s) of the resource in each slot.
----------------End of TP for TS38.214---------------------
Proposal 16: 
· The repetition factor R for Rel-17 SRS coverage and capacity enhancement and SRS transmission with frequency hopping when > 4, R > 2 need to be captured in current specification and the following TP for TS38.214 is adopted.
----------------Start of TP for TS38.214---------------------
6.2.1.1	UE SRS frequency hopping procedure







For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} and R∈{1,2,3,4,5,6,7,8,10,12,14} by higher layer parameter resourceMapping and resourceMapping-r17, respectively,in SRS-Resource where R≤Ns. When frequency hopping within an SRS resource in each slot is not configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all the  symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1), according to the SRS hopping parameters , and defined in clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns > 4, R > 2), each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols, and frequency hopping across the  two  pairs is according to the SRS hopping parameters , and ,where  should be divisible by .
For operation with shared spectrum channel access, the UE does not expect that multiple hops of an SRS resource transmission are in different RB sets.

A UE may be configured adjacent symbol aperiodic SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across  symbols when frequency hopping is configured with R=1. A UE may be configured  adjacent symbols aperiodic SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across two   pairs of R adjacent OFDM symbols, when frequency hopping is configured with R=2 and should be divisible by . Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols of the resource.

A UE may be configured symbol periodic or semi-persistent SRS resource with inter-slot hopping within a bandwidth part, where the SRS resource occupies the same symbol location in each slot. A UE may be configured symbol periodic or semi-persistent SRS resource with intra-slot and inter-slot hopping within a bandwidth part, where the N-symbol SRS resource occupies the same symbol location(s) in each slot. For , when frequency hopping is configured with R=2, intra-slot and inter-slot hopping is supported with each of the antenna ports of the SRS resource mapped to different sets of subcarriers across  two pairs of R adjacent OFDM symbol(s) of the resource in each slot, where  should be divisible by R. Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols of the resource in each slot. For Ns= R, when frequency hopping is configured, inter-slot frequency hopping is supported with each of the antenna ports of the SRS resource mapped to the same set of subcarriers in R adjacent OFDM symbol(s) of the resource in each slot.
----------------End of TP for TS38.214---------------------

5 Conclusions
In this contribution, we provided our views on the remaining issues for Rel-17 SRS. We have the following observations and proposals:
Observation 1:
· SRS usage reuse is not well supported in Rel-15.
Proposal 1:
· When multiple ‘t’ values are configured for a SRS resource set, same or different values can be configured.
Proposal 2:
· Adopt the following TP for TS38.214 on AP-SRS:
----------------Start of TP for TS38.214---------------------
6.2.1	UE sounding procedure
……
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet or SRS-PosResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a list of zero up to four different available slot offset values from the reference slot n + k to the slot where the aperiodic SRS resource set is transmitted where n is the slot with triggering DCI and k is SlotOffset is defined by the higher layer parameter AvailableSlotOffset. The parameter AvailableSlotOffset can be configured up to 4 different values. For an SRS-PosResourceSet configured with higher layer parameter resourceType set to 'aperiodic', the slot level offset is defined by the higher layer parameter slotOffset for each SRS resource.
……
-	t is configured via higher layer parameter availableSlotOffset with up to four different values for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission. When one or more SRS resource sets across all configured BWPs in a component carrier are configured, and at least one resource set is configured with availableSlotOffset parameter of more than one values, the indicated value of availableSlotOffset is indicated by SOI field in DCI scheduling PUSCH/PDSCH and DCI 0_1/0_2 without data and without CSI request described in [5, TS 38.212]. The UE shall apply indicated value of availableSlotOffset set specifically for those sets with configured availableSlotOffset parameter. When one or more SRS resource sets across all configured BWPs in a component carrier are configured and at least one resource set is configured with availableSlotOffset parameter, and the availableSlotOffset parameter for each SRS resource set has only one value, the UE shall apply the configured value of availableSlotOffset specifically for those sets with configured availableSlotOffset parameter. For SRS resource set configured with availableSlotOffset parameter, each of resource set is configured with K values of availableSlotOffset parameter. For SRS resource set configured without availableSlotOffset parameter, t = 0 is applied for each of resource set.
……
----------------End of TP for TS38.214---------------------
Proposal 3:
· 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 4:
· 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 5:
· 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 6:
· Adopt the following TP for section 6.1 inTS38.214:
----------------Start of TP for TS38.214---------------------
6.1	UE procedure for transmitting the physical uplink shared channel
…….
A UE shall upon detection of a PDCCH with a configured DCI format 0_0, 0_1 or 0_2 transmit the corresponding PUSCH as indicated by that DCI unless the UE does not generate a transport block as described in [10, TS38.321]. Upon detection of a DCI format 0_1 or 0_2  with 'UL-SCH indicator' set to '0' and 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, the UE ignores all fields in this DCI except the 'CSI request' and 'SRI request' and the UE shall not transmit the corresponding PUSCH as indicated by this DCI format 0_1 or 0_2. ……
----------------End of TP for TS38.214---------------------
Proposal 7:
· 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 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, UE expects that at least Y consecutive symbols in the interval between the two SRS resource sets are not scheduled with UL transmission.
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:
· The start RB location hopping should be applicable on SRS occasion(s) within one hopping period.
Proposal 13: 
· The start RB location can be hopped as  in one hopping period, where dentoes the location of SRS symobl in a slot.
Proposal 14:
· DCI and/or MAC-CE should be introduced to determine PF and enable or disable the start RB location hopping.
Proposal 15:
·  Any restriction of application for partial frequency sounding is not needed.
Proposal 16: 
· The repetition factor R for Rel-17 SRS coverage and capacity enhancement and SRS transmission with frequency hopping when > 4, R > 2 need to be captured in current specification.
----------------Start of TP for TS38.214---------------------
6.2.1.1	UE SRS frequency hopping procedure







For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} and R∈{1,2,3,4,5,6,7,8,10,12,14} by higher layer parameter resourceMapping and resourceMapping-r17, respectively,in SRS-Resource where R≤Ns. When frequency hopping within an SRS resource in each slot is not configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all the  symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1), according to the SRS hopping parameters , and defined in clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns > 4, R > 2), each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols, and frequency hopping across the  two  pairs is according to the SRS hopping parameters , and ,where  should be divisible by .
For operation with shared spectrum channel access, the UE does not expect that multiple hops of an SRS resource transmission are in different RB sets.

A UE may be configured adjacent symbol aperiodic SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across  symbols when frequency hopping is configured with R=1. A UE may be configured  adjacent symbols aperiodic SRS resource with intra-slot frequency hopping within a bandwidth part, where the full hopping bandwidth is sounded with an equal-size subband across two   pairs of R adjacent OFDM symbols, when frequency hopping is configured with R=2 and should be divisible by . Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols of the resource.

A UE may be configured symbol periodic or semi-persistent SRS resource with inter-slot hopping within a bandwidth part, where the SRS resource occupies the same symbol location in each slot. A UE may be configured symbol periodic or semi-persistent SRS resource with intra-slot and inter-slot hopping within a bandwidth part, where the N-symbol SRS resource occupies the same symbol location(s) in each slot. For , when frequency hopping is configured with R=2, intra-slot and inter-slot hopping is supported with each of the antenna ports of the SRS resource mapped to different sets of subcarriers across  two  pairs of R adjacent OFDM symbol(s) of the resource in each slot, where  should be divisible by R. Each of the antenna ports of the SRS resource is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols of the resource in each slot. For Ns= R, when frequency hopping is configured, inter-slot frequency hopping is supported with each of the antenna ports of the SRS resource mapped to the same set of subcarriers in R adjacent OFDM symbol(s) of the resource in each slot.
----------------End of TP for TS38.214---------------------
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