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1 [bookmark: _Ref521334010]Introduction
In RAN #86 meeting, the enhancements for SRS in Rel-17 were agreed and the following enhancements for SRS were approved [1]:
	Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency


In RAN1 #104 meeting, the solutions for SRS enhancement had been discussed and the following agreement had been achieved [2]:
	On AP-SRS flexibility triggering
Agreement
Confirm the following working assumption with modifications
An “available slot” is a slot satisfying there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies UE capability on the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
· From the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set, UE does not expect to receive SFI indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s) that may change the determination of “available slot”.
· Note: Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot.
· FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI

Agreement
A list of t values is configured in RRC for each SRS resource set. Adopt at least one of the following for DCI indication of t.
· In DCI format 0_1/0_2 without data and without CSI request, 
· Alt 1-1: Reuse the same scheme used for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 1-2: Re-purpose unused DCI field to indicate t
· Alt 1-3: t is indicated by a configurable DCI field, where the DCI field may contain bits from unused fields and additional bits configured by gNB
· FFS design details with other potential field(s)
· FFS: whether t can be slot offset
· In DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 2-1: t is indicated by adding a new configurable DCI field
· Alt 2-2: t is indicated without adding DCI payload
· Note: The size of DCI payload does not change dynamically
· Note: RAN1 should strive for unified solution for different DCI formats.
· FFS: The number of RRC configured t values per SRS resource set and DCI bit field size.

Agreement 
Further study whether and if needed, how to achieve further enhancements on aperiodic SRS triggering and resource management based on repurposing unused fields in DCI format 0_1/0_2 without data and without CSI. Consider the following examples
· CAT A: Time-domain parameters
· A-1: Indication of available slot position, i.e., the t values
· A-2: Indication of slot offset
· A-3: Indication of SRS symbol-level offset
· A-4: Indication of time-domain behavior for SRS transmission over multiple OFDM symbols, e.g., repetition, hopping, and/or splitting
· CAT B: Frequency-domain parameters
· B-1: Indication of a group of CCs for SRS transmission
· B-2: Indication of frequency domain resource in a BWP for SRS transmission
· B-3: Indication of whether DL/UL BWP is applied for SRS transmission
· CAT C: Power control parameters
· C-1: Re-purpose ‘TPC command for PUSCH’ as ‘TPC command for SRS’
· FFS impact on power control, impact from triggering a group of CCs for SRS
· C-2: Indication of open loop power control parameter e.g., p0.
· CAT D: Spatial-domain parameters, i.e., indication of SRS port and beamforming
· CAT E: Extend the number of DCI codepoints for aperiodic SRS trigger states
· Other examples are not precluded
On SRS for antenna switching
Agreement
· For aperiodic antenna switching SRS, support to configure N < = N_max resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration.
· For 1T6R, K = 6, N_max = [4], and each resource has 1 port.
· For 1T8R, K = 8, N_max = [4], and each resource has 1 port.
· For 2T6R, K = 3, N_max = [3], and each resource has 2 ports.
· For 2T8R, K = 4, N_max = [4], and each resource has 2 ports.
· (Working Assumption) For 4T8R, K = 2, N_max = [2], and each resource has 4 ports.
· FFS the number of supported candidate values of N for each xTyR.
· FFS extension to increase N_max for 1T4R, 2T4R, T = R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources
· FFS the number of resources and resource sets for semi-persistent and periodic antenna switching SRS
· Note: SRS could be transmitted over the last 6 OFDM symbols, or over any OFDM symbols within the slot subject to UE capability.
On SRS coverage/capacity enhancements
Agreement
For Rel-17 SRS capacity and coverage enhancement, support the following
· Increase the maximum number of repetition symbols in one slot and one SRS resource to S
· Support at least one S value from {8, 10, 12, 14}
· FFS other candidate values
· Support to transmit SRS only in [image: ] contiguous RBs in one OFDM symbol, where [image: ] indicates the number of RBs configured by BSRS and CSRS
· Support at least one PF value from {2, [3], 4, 8}
· FFS other candidate values, e.g., non-integer values for PF
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· No new sequence including length is introduced
· FFS it is applicable to frequency hopping and non-frequency hopping
· FFS detailed signaling mechanism to determine PF and the location of the [image: ] RBs
· Support Comb 8
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· FFS whether and if needed, how to use harmonized approach to define the three supported schemes
· Note: other schemes for SRS capacity and coverage enhancements are not supported in Rel-17.


In this document, we provide our views on the enhancements for SRS in Rel-17.
2 Enhancements on AP-SRS triggering
In RAN1 #103 meeting, the following “available slot” based AP-SRS triggering scheme had been agreed and the definition of “available slot” had been clarified in RAN1 #104 meeting:
	A given aperiodic SRS resource set is transmitted in the (t+1)-th available slot counting from a reference slot, where t is indicated from DCI, or RRC (if only one value of t is configured in RRC), and the candidate values of t at least include 0. Adopt at least one of the following options for the reference slot.
· Opt. 1: Reference slot is the slot with the triggering DCI.
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.


For the solutions of reference slot, option 1 can be seen as a special case of option 2 with slotoffset setting to 0. Therefore option 2 provides more flexibility than option 1. 
Proposal 1:
· For reference slot definition of the enhanced AP-SRS triggering scheme, Opt. 2 (Reference slot is the slot indicated by the legacy triggering offset) is supported.
For the indication of t, RRC+DCI based indication was agreed and the following candidate solutions had been listed for DCI indication in last meeting:
	Agreement
A list of t values is configured in RRC for each SRS resource set. Adopt at least one of the following for DCI indication of t.
· In DCI format 0_1/0_2 without data and without CSI request, 
· Alt 1-1: Reuse the same scheme used for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 1-2: Re-purpose unused DCI field to indicate t
· Alt 1-3: t is indicated by a configurable DCI field, where the DCI field may contain bits from unused fields and additional bits configured by gNB
· FFS design details with other potential field(s)
· FFS: whether t can be slot offset
· [bookmark: _Hlk68039778]In DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH
· Alt 2-1: t is indicated by adding a new configurable DCI field
· Alt 2-2: t is indicated without adding DCI payload
· Note: The size of DCI payload does not change dynamically
· Note: RAN1 should strive for unified solution for different DCI formats.
· FFS: The number of RRC configured t values per SRS resource set and DCI bit field size.


For AP-SRS triggering through DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH, if Alt 2-2 is supported, at least one of the legacy DCI fields would be used to indicate t. It can be realized by re-purposing the field or by using reserved state(s) of the field to indicate t.
Since an AP-SRS resource set can be configured with one or more trigger states, by configuring t for each trigger states of the SRS resource set respectively, the SRS request filed in DCI can be re-purposed to indicate t. For example, for an SRS resource set that can be triggered by triggerState = 1 and triggerState = 2, if t = 0 is configured for triggerState = 1 and t = 1 is configured for triggerState = 2, when the SRS resource set is triggered by triggerState = 1, t = 0 is indicated; when the SRS resource set is triggered by triggerState = 1, t = 2 is indicated. For AP-SRS triggering, only 3 trigger states can be used. From the perspective of overhead reduction, the SRS resource sets that can be triggered by the 3 trigger states are not expected to be totally the same. Therefore if only one t value is configured for each trigger state, the flexibility of indicating t is limited.
For the solution of using reserved state(s) of a field to indicate t, the field is expected to be always present and the number of the reserved states is not expected to be much different for different scenarios. Since MCS field is always present and there are at least 3 reserved states for MCS field, the reserved states of MCS field can be used to indicate t. 
Alt 2-1 is a more straightforward way on indicating t. Although it increases the overhead of DCI, it provides more flexibility. If a new DCI field is used to indicate t, at least one t-list would be configured for an SRS resource set. Set-common indication is preferred, where set-common indication means DCI indicates t values with same sequence order in the t-list associated to each SRS resource set. For example, the k-th state of the new DCI field indicates the k-th t value in the t-list for each SRS resource set. Since each SRS resource set has its own t-list, whether the DCI indicated t values for two SRS resource sets are the same depends on their configurations. 
In order to further reduce the overhead of DCI in Alt 2-1, configuring a list of t for each trigger state of the SRS resource set respectively can be considered. Then a trigger state based set-common indication method can be considered, i.e. the k-th state of the new DCI field is used to indicate the (k+1)-th t values in the t-list for the trigger state that indicated by the DCI for each SRS resource set. Table 1 shows an example of trigger state based set-common indication of t value. In the example, 3 SRS resource sets are assumed and SRS resource set 1 can be triggered by trigger state 1 and 2, SRS resource set 2 can be triggered by trigger state 1 and 3, and SRS resource set 3 can be triggered by trigger state 2 and 3. SRS resource set 1 is configured with t = {0,1,2,3} for trigger state 1 and t = {1,2,2,3} for trigger state 2, SRS resource set 2 is configured with t = {1,2,3,4} for trigger state 1 and t = {1,2,2,3} for trigger state 3, SRS resource set 3 is configured with t = {2,3,3,4} for trigger state 2 and t = {1,2,2,3} for trigger state 3. 
Table 1: An example of set-common indication of t values for AP-SRS resource sets
	Value of the new DCI field
	t values for SRS resource sets

	
	Trigger state 1
	Trigger state 2
	Trigger state 3

	0
	SRS set 1: 0
SRS set 2: 1
	SRS set 1: 1
SRS set 3: 2
	SRS set 2: 1
SRS set 3: 1

	1
	SRS set 1: 1
SRS set 2: 2
	SRS set 1: 2
SRS set 3: 3
	SRS set 2: 2
SRS set 3: 2

	2
	SRS set 1: 2
SRS set 2: 3
	SRS set 1: 2
SRS set 3: 3
	SRS set 2: 2
SRS set 3: 2

	3
	SRS set 1: 3
SRS set 2: 4
	SRS set 1: 3
SRS set 3: 4
	SRS set 2: 3
SRS set 3: 3


For AP-SRS triggering through DCI format 0_1/0_2 without data and without CSI request, same scheme as that for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH is preferred.
Proposal 2:
· For the indication of t for SRS resource sets triggered by DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH, 
· t value(s) are configured per trigger state per SRS resource set;
· If t-list configuration for each trigger state is supported, trigger state based set-common indication is supported, where trigger state based set-common indication means DCI indicates t values with same sequence order in the t-list associated to the trigger state for each SRS resource set.  
Proposal 3:
· For the indication of t for SRS resource sets triggered by DCI format 0_1/0_2 without data and CSI request,
· Alt 1-1(Reuse the same scheme used for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH) is supported.
3 SRS usage reuse
The motivations of SRS usage reuse are DCI overhead reduction and SRS overhead reduction. Before this meeting, there was an email discussion on SRS usage reuse and no agreement had been achieved.
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.
Observation 1:
· SRS usage reuse is not well supported in Rel-15.
Proposal 4:
· SRS usage sharing between “codebook” and “antennaSwitching” is supported in Rel-17, with UE’s antenna virtualization behavior of SRS resources for usage sharing clearly specified. 
4 SRS for antenna switching
[bookmark: _Hlk68044321]Configuration for AP-SRS
[bookmark: _Hlk68044175]In RAN 1 #104 meeting, for aperiodic antenna switching SRS with 1T6R, 1T8R, 2T6R and 2T8R, the total number of resources (K) and the number of ports for each resource had been agreed, and the maximum number of resource sets (N_max) that can be configured are to be confirmed. For aperiodic antenna switching SRS with 4T8R, a working assumption on K, N_max and the number of ports for each resource was achieved, with N_max to be confirmed. We suggest removing the brackets for N_max to confirm the working assumption, i.e. the following K and N_max are supported:
· For 1T6R, K = 6, N_max = 4.
· For 1T8R, K = 8, N_max = 4.
· For 2T6R, K = 3, N_max = 3.
· For 2T8R, K = 4, N_max = 4.
· For 4T8R, K = 2, N_max = 2.
Proposal 5:
· For aperiodic antenna switching SRS, remove the bracket for N_max for 1T6R, 1T8R, 2T6R, 2T8R and 4T8R, and confirm the working assumption for 4T8R.
For antenna switching SRS, the UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set. The value of Y is related to numerology and would be 1 or 2. 
If SRS can be transmitted over any OFDM symbols within the slot, maximum 7 SRS resources can be configured in a set for Y = 1 and maximum 5 SRS resources can be configured in a set for Y = 2. If SRS can be transmitted over the last 6 OFDM symbols, maximum 3 SRS resources can be configured in a set for Y = 1 and maximum 2 SRS resources can be configured in a set for Y = 2. Considering the restriction of guard period and the flexibility for SRS configuration, the following number of SRS resource sets that can be configured for the above cases can be considered:
· For 1T6R, N = 1, 2, 3, 4.
· For 1T8R, N = 2, 3, 4.
· For 2T6R, N = 1, 2, 3.
· For 2T8R, N = 1, 2, 3, 4.
· For 4T8R, N = 1, 2.
Proposal 6:
· For aperiodic antenna switching SRS, support the following N, where N is the number of SRS resource sets that can be configured:
· For 1T6R, N = 1, 2, 3, 4.
· For 1T8R, N = 2, 3, 4.
· For 2T6R, N = 1, 2, 3.
· For 2T8R, N = 1, 2, 3, 4.
· For 4T8R, N = 1, 2.
Configuration for P-SRS/SP-SRS
For periodic SRS or semi-persistent SRS, multiple SRS resources can be configured in an SRS resource set. The slot offset for each SRS resource in a set can be configured respectively. Therefore, for xTyR, DL CSI of y Rx antennas can be obtained through a periodic/semi-persistent SRS resource set with y/x resources configured.
Proposal 7:
· Up to one periodic/semi-persistent antenna switching SRS resource set is supported for 1T6R, 1T8R, 2T6R, 2T8R or 4T8R, with K resources in the set.
· For 1T6R, K = 6.
· For 1T8R, K = 8.
· For 2T6R, K = 3.
· For 2T8R, K = 4.
· For 4T8R, K = 2.
Enhancement for antenna switching SRS for 1T4R, 2T4R, T = R and 1T2R
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. For aperiodic antenna switching SRS, zero or two sets for 1T4R, zero or one set for 2T4R, zero or one set for 1T2R, and up to two set for T = R are 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 should be supported for 1T4R, i.e. one SRS resource set with four SRS resources in the set should be supported for aperiodic antenna switching SRS for 1T4R.
Proposal 8:
· For aperiodic antenna switching SRS, one SRS resource set with four SRS resources in the set is supported for 1T4R.
5 Enhancement on SRS for capacity and coverage
5.1. Discussion on SRS repetition
More SRS symbols can increase SNR of SRS. However, the probability of collision between users in different cells using the same sequence is also increased. In order to randomize inter-cell interference and improve SINR of SRS, SRS repetition with CS hopping was proposed in [3]. The intention is to introduce CS hopping between different SRS symbols to reduce the probability of different users located in different cells having the same sequence.

In current specification, pseudo-random sequence  for generating SRS sequence of normal SRS transmission in each symbol is initialized with  at the beginning of each radio frame, in which case . In order to reduce the likelihood of collision between SRS-Pos signal and reduce UL interference for different users,  can be configured for SRS for positioning. Motived by this, the range of  for normal SRS transmission can also be extended to . In this way, it needs less specification efforts compared to CS hopping. 
Proposal 9: 
· In order to randomize inter-cell interference, the range of  for normal SRS transmission can be extended to same range, i.e.,  as SRS-for-positioning. 
5.2. Discussion on partial frequency sounding
In Rel-15, SRS frequency hopping has been supported through configuring some parameters, such as ,,. The entire bandwidth is measured by sounding on different symbols, and only partial bandwidth is sounded on each SRS symbol, as shown in figure 1 (b). In a sense, it is also regarded as partial sounding. Compared with without frequency hopping, SRS frequency hopping can enhance coverage due to transmission power boost on each SRS symbol. However, SRS hopping does not increase SRS capacity compared with without frequency hopping. In order to enhance SRS coverage and capacity in Rel-17, partial frequency sounding with RB-level was agreed to support in the last meeting, i.e.,  contiguous RBs in one OFDM symbol is used to transmit SRS, as shown in figure 1 (c) and 1 (d), where  indicates the number of RBs configured by  and. Since only partial bandwidth is used to transmit SRS for partial frequency sounding, the remaining bandwidth can be allowed to transmit other SRS resources. Therefore, compared with SRS transmission on entire bandwidth, partial frequency sounding can not only enhance SRS coverage, but also increase SRS capacity. Assume that , SRS capacity of partial frequency sounding can increase two times compared to that of SRS transmission on entire bandwidth. Note that channel estimation may be significantly degraded if the partial frequency sounding bandwidth  is too smaller, although SRS coverage can be enhanced by reducing SRS transmission bandwidth. Therefore, the  value cannot be set to too larger if the configured  is smaller, i.e. the configuration or indication of  value should be considered the configured bandwidth. 
Observation 2:
·  The configuration or indication of  value should be considered the configured bandwidth. 


Figure 1: Illustration of with/without frequency hopping and partial sounding for with/without frequency hopping
In the last meeting, some candidate  values are provided. The remaining issue is how to indicate value and the location of the RBs to UE. In this contribution, the configuration/indication methods are proposed.
Issue 1: Configuration/indication on PF values
There are more than one candidate PF values, and at least one is used as SRS partial sounding. The following two alternatives can be used to configure PF value to UE.
· Alt1: Configuring a PF value 
· Alt2 : Configuring a list of PF values and indicate a PF value
Compared to Alt1, 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 aperiodic SRS (A-SRS), MAC-CE or DCI is used to active or trigger SRS transmission. At the same time, the MAC-CE or DCI can also indicate the selected PF value if a list of PF values has been configured. Therefore, it does not require additional signaling for SP-SRS and A-SRS. When gNB cannot accurately estimate the UL channel according to the received SRS due to environmental variation of a user, it may trigger partial frequency with smaller PF value to boost of SRS transmission power. For such case, Alt2 can be applied so that a smaller PF value is indicated to this user by using MAC-CE or DCI signaling. This alternative avoids that PF value is reconfigured by using RRC signaling.
If MAC-CE is used to indicate the selected PF value, the time line of MAC-CE taking effects should be defined. In Figure 2, a possible time line of MAC-CE taking effects is provided. After receiving the PDSCH with MAC-CE indication, UE will report PUCCH/PUSCH with ACK information in the k-th slot. In order to keep enough response time for gNB, the time of taking effects should be in the behind of  slots.


Figure 2: Illustration of the time line of MAC-CE taking effects
If DCI is used to indicate the selected PF value, one way is that additional information field is introduced. Assume there are N entries in the list of PF value. The DCI payload will increase bits. In order to not increase DCI payload, for DCI format 0_1/0_2 without data and without CSI request, unused DCI field can be re-purposed to indicate PF value. However, it will make the DCI design complicated. If there are not too many N entries in the list of PF value, additional information field introduce is preferred due to less DCI payload increased. Based on above discussion, we give the following proposal.
 Proposal 10: 
· For P -SRS, a PF value is configured through RRC.
· For SP-SRS, a list of PF value is configured through RRC and semi-statically indicated through MAC-CE. The time line of MAC-CE taking effects should be defined.
· For A-SRS, a list of PF value is configured through RRC and dynamically indicated through DCI. An additional information field is introduced to indicate the selected PF value.
Issue 2: Configuration/indication/predefinition on the location of the RBs
Since SRS transmission bandwidth  RBs is contiguous in frequency domain, the SRS transmission bandwidth can be determined if the starting position of the RBs is known to UE. The starting position can be configured/indicated to UE or predefined. The starting position can be predefined as the initial position of an SRS transmission in frequency domain. For example, as shown in Figure 3(a), the starting position of each SRS frequency hopping transmission is predefined as f1, f2, f3, and f4, respectively, for an instance. The predefinition of starting position is simple and does not require addition signaling overhead. But it cannot flexibly change the starting position. In order to flexibly indicate the starting position, additional indication information with size  bits can be introduced to indicate an offset value. For example, the indication information indicates the offset value is equal to S. Then, the starting position of the n-th SRS frequency hopping transmission is fn +S for the instance, as illustrated in Figure 3(b). This makes multiple users can be flexibly multiplexed in frequency domain. 


Figure 3: The starting position of the RBs for an SRS frequency hopping transmission
 Proposal 11: 
· The following two options can be considered to determine the starting position of the RBs. 
· Option1: The starting position RBs is predefined as the initial position of an SRS transmission in frequency domain. 
· Option2: The starting position  of the RBs is determined based on the offset value which is indicated through  bits and the initial position of an SRS transmission. 
For partial frequency sounding, gNB only estimate the UL channel of PRBs for each instance of SRS transmission. If gNB wants to estimate the channel of  PRBs, instances of SRS transmission may be required. In order to cover the entire bandwidth, for P/SP-SRS transmission, P/SP SRS resources can be configured and these SRS are transmitted on different locations. The starting position of PRBs for each resource can be also predefined to avoid the indication overhead of signaling. For example, the starting position of PRBs is predefined as the initial position of each instance of SRS transmission, which is denoted as f1 , for the first SRS resource. Then, the starting position for the i-th SRS resource is predefined as f1+, where. 
For A-SRS transmission, the following two alternatives can be considered to determine the starting position and estimate entire bandwidth.
· Alt-1:  DCI triggers are used to trigger  instances of SRS transmission for a resource, and the starting position is defined as f1+ for the SRS transmission triggered by the i-th DCI.
· Alt-2: A single DCI is used to trigger  instances of SRS transmission for  A-SRS resources, and the starting position is predefined as  f1+for the i-th A-SRS resource. 
Alt-1 only needs a single SRS resource configuration. The starting position is determined according to the index of DCI trigger. For example, the starting position is initial position of each instance of SRS transmission, i.e. f1, for the SRS transmission triggered by the first DCI. Then, the starting position is f1+ for the SRS transmission triggered by the i-th DCI. Alt-2 will need  A-SRS resources to cover the entire bandwidth. The starting position of  SRS transmission is determined as did P/SP-SRS, i.e., the starting position is predefined as f1+for the i-th A-SRS resource. But Alt-2 only sends a DCI trigger which reduces the signaling overhead compared to Alt-1. Moreover, for Alt-1, DCI trigger cannot be received by UE when the DCI signaling is not successfully detected. This can lead the starting position of ensuing SRS is not accurately determined. Therefore, Alt2 is preferred. Note that the periodicity of P/SP-SRS for each resource should be increased by  times in order to keep the total SRS overhead fixed. 
Proposal 12: 
· In order to estimate UL channel of the entire bandwidth and determine the starting position of an SRS transmission, the following methods can be supported. 
· For P/SP-SRS, resources are configured and the starting position is predefined as f1+ for the i-th resource, where f1 is initial position of each instance of SRS transmission for the first SRS resource. 
· For A-SRS, it is preferred that a single DCI is used to trigger  instances of SRS transmission for  A-SRS resources, and the starting position is predefined as f1+for the i-th A-SRS resource. 
6 Conclusions
In this contribution, we provided our views on the enhancement for Rel-17 SRS. We have the following observations and proposals:
Observation 1:
· SRS usage reuse is not well supported in Rel-15.
Observation 2: 
· The configuration or indication of  value should be considered the configured bandwidth. 

Proposal 1:
· For reference slot definition of the enhanced AP-SRS triggering scheme, Opt. 2 (Reference slot is the slot indicated by the legacy triggering offset) is supported.
Proposal 2:
· For the indication of t for SRS resource sets triggered by DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH, 
· t value(s) are configured per trigger state per SRS resource set;
· If t-list configuration for each trigger state is supported, trigger state based set-common indication is supported, where trigger state based set-common indication means DCI indicates t values with same sequence order in the t-list associated to the trigger state for each SRS resource set. 
Proposal 3:
· For the indication of t for SRS resource sets triggered by DCI format 0_1/0_2 without data and CSI request,
· Alt 1-1(Reuse the same scheme used for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH) is supported.
Proposal 4:
· SRS usage sharing between “codebook” and “antennaSwitching” is supported in Rel-17, with UE’s antenna virtualization behavior of SRS resources for usage sharing clearly specified.
Proposal 5:
· For aperiodic antenna switching SRS, remove the bracket for N_max for 1T6R, 1T8R, 2T6R, 2T8R and 4T8R, and confirm the working assumption for 4T8R.
Proposal 6:
· For aperiodic antenna switching SRS, support the following N, where N is the number of SRS resource sets that can be configured:
· For 1T6R, N = 1, 2, 3, 4.
· For 1T8R, N = 2, 3, 4.
· For 2T6R, N = 1, 2, 3.
· For 2T8R, N = 1, 2, 3, 4.
· For 4T8R, N = 1, 2.
Proposal 7:
· Up to one periodic/semi-persistent antenna switching SRS resource set is supported for 1T6R, 1T8R, 2T6R, 2T8R or 4T8R, with K resources in the set.
· For 1T6R, K = 6.
· For 1T8R, K = 8.
· For 2T6R, K = 3.
· For 2T8R, K = 4.
· For 4T8R, K = 2.
Proposal 8:
· For aperiodic antenna switching SRS, one SRS resource set with four SRS resources in the set is supported for 1T4R.
Proposal 9: 
· In order to randomize inter-cell interference, the range of  for normal SRS transmission can be extended to same range, i.e.,  as SRS-for-positioning. 
Proposal 10: 
· For P -SRS, a PF value is configured through RRC.
· For SP-SRS, a list of PF value is configured through RRC and semi-statically indicated through MAC-CE. The time line of MAC-CE taking effects should be defined.
· For A-SRS, a list of PF value is configured through RRC and dynamically indicated through DCI. An additional information field is introduced to indicate the selected PF value.
Proposal 11: 
· The following two options can be considered to determine the starting position of the RBs. 
· Option1: The starting position RBs is predefined as the initial position of an SRS transmission in frequency domain. 
· Option2: The starting position  of the RBs is determined based on the offset value which is indicated through  bits and the initial position of an SRS transmission. 
Proposal 12: 
· In order to estimate UL channel of the entire bandwidth and determine the starting position of an SRS transmission, the following methods can be supported. 
· For P/SP-SRS, resources are configured and the starting position is predefined as f1+ for the i-th resource, where f1 is initial position of each instance of SRS transmission for the first SRS resource. 
· For A-SRS, it is preferred that a single DCI is used to trigger  instances of SRS transmission for  A-SRS resources, and the starting position is predefined as f1+for the i-th A-SRS resource. 
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