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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 #103 e-meeting, the solutions for SRS enhancement had been discussed and the following agreement had been achieved [2]:
	On SRS flexibility enhancements
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.
· [bookmark: _Hlk61296801]Opt. 1: Reference slot is the slot with the triggering DCI.
· Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
· FFS the detailed definition of “available slot” considering UE processing complexity and timeline to determine available slot, potential co-existence with collision handling, etc., e.g.,
· Based on only RRC configuration, “available slot” is the 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 the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set
· FFS explicit or implicit indication of t
· FFS whether updating candidate triggering offsets in MAC CE may be beneficial

Support at least DCI 0_1 and 0_2 to trigger aperiodic SRS without data and without CSI.
· FFS whether/how to re-purpose the unused fields, e.g., the triggering offset(s) and the frequency resources for triggering A-SRS on one or more component carriers, SFI-index, etc.
· FFS UL/DL DCI with data for aperiodic SRS
· FFS group common DCI 

On SRS switching enhancements
For antenna switching up to 8Rx, support SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, [4T6R], 4T8R}.

On SRS coverage/capacity enhancements
In Rel-17 SRS coverage and capacity enhancement, support at least one scheme from Class 2 and Class 3, and deprioritize Class 1.
· Note: Extensions of Rel-15/16 frequency hopping are included in Classes 2 and 3, e.g. where UE hops once per symbol within a Rel-17 SRS resource.
Candidate schemes for Class 2:
· Scheme 2-0: Increase the number of repetition symbols in one slot
· Scheme 2-1: Inter-slot repetition on consecutive symbols or non-consecutive symbols across slots
· Scheme 2-2: Repetition with TD-OCC
· Scheme 2-3: Repetition with CS hopping
Candidate schemes for Class 3:
· Scheme 3-1: RB-level partial frequency sounding
· Scheme 3-2: Subcarrier-level partial frequency sounding
· Scheme 3-3: Subband-level partial frequency sounding
· Scheme 3-4: Partial-frequency sounding schemes assisted with CSI-RS, where SRS is transmitted in a subset of RBs of the original SRS frequency resource
· Scheme 3-5: Dynamic change of SRS bandwidth with RB-level subband size scaling
· Note: Consider issues like gNB receiver complexity,  PAPR, etc., with above schemes
· Note: Joint operation between Class 2 and Class 3 schemes can be considered



In this document, we provide our considerations on the enhancements for SRS in Rel-17.
2. Enhancements on SRS flexibility
According to TS38.214, the “SRS request” field in DCI can trigger one or multiple SRS resource sets configured corresponding to the same trigger state. Each SRS resource set is configured with a slot-level offset by RRC signalling. When an aperiodic SRS resource set with an offset of k is triggered by a DCI in slot n, the SRS is scheduled to be transmitted in slot n+k. If any DL symbol of slot n+k overlaps with the symbol of a SRS resource, the whole SRS resource is dropped. The RRC configured slot offset and the timing of SRS transmission for aperiodic SRS restrict the possible locations of PDCCH and SRS transmission. When multiple SRS resource sets with different slot offsets are triggered by the same DCI, the restriction would be more critical. One example is shown in Fig.1, where 2 SRS resource sets are configured with slot offset of 2 and 3 respectively. Assume that the TDD UL/DL configuration pattern of the carrier is DDDUU per five slots. Fig. 1(a) and Fig. 1(b) show the combinations of PDCCH and SRS for the two SRS resource sets respectively for the case that the two SRS resource sets are configured with different trigger states. Fig. 1(c) show the combinations of PDCCH and SRS for the two SRS resource sets when the two SRS resource sets are configured with same trigger state. It can be seen that although there are 3 DL slots per five slots, only two DL slots can be used to trigger SRS resource set 1/2 respectively when their trigger states are different. If the trigger states of the two SRS resource sets are the same, only one DL slot can be used to trigger the SRS resource sets. 
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Figure 1: Example of SRS triggering and transmission combination candidates
Varies solutions for flexible aperiodic SRS triggering had been discussed in RAN1 #103 e-meeting, and the following candidate solution had been agreed:
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.
The following issues are open for discussion:
· Indication of t;
· Reference slot;
· Definition of “available slot”.
According to the agreement in RAN1 #103 meeting, t is indicated from DCI. In Rel-15, the range of slot offset of SRS resource set is from 0 to 31 slots. The overhead would be not acceptable to transmit t for each SRS resource set respectively by DCI explicitly. The following alternatives can be considered:
Alt 1(Set-common t): A common t is indicated by DCI, i.e. all the SRS resource sets triggered by the same DCI have the same t.
Alt 2(Set-specific t): A new field is specified in DCI for the indication of t, the mapping of the bit value of the field and the t for each SRS resource set is configured by RRC or MAC-CE. 
Although Alt 1 provides less flexibility compared to Alt 2, it needs less spec efforts. Therefore Alt 1 is preferred. A new field for common SRS slot offset indication can be added in DCI for the indication.
For the reference slot, if opt. 1(be the slot with DCI) is adopted, the slot offset of an SRS resource set would be determined the t indicated by DCI; if opt. 2 (be the slot indicated by the legacy triggering offset) is adopted, the slot offset of an SRS resource set would be k + the slot offset corresponding to the (t+1)-th available slot, where k is the legacy configured slot offset of the SRS resource set. For the same functionality as opt. 2, opt. 1 requires more DCI overhead. Therefore opt. 2 is preferred.
The “available slot” can be identified in an SRS resource level (resource-level), an SRS resource set level (set-level) or a DCI trigger level (trigger-level), wherein 
· An SRS resource level means whether a slot is an “available slot” is determined per SRS resource independently, i.e. a slot may be an available slot for SRS resource A, but not an available slot for SRS resource B.
· An SRS resource set level means whether a slot is an “available slot” is determined per SRS resource set independently, if a slot is an available slot for an SRS resource set, it is an available slot for all SRS resources in the set.
· A DCI trigger level means whether a slot is an “available slot” is the same for all the SRS resources and SRS resource sets triggered by the same DCI.
In Rel-15, the slot offset for SRS transmission is configured per SRS resource set, so all SRS resources in the same SRS resource set would be transmitted in the same slot. It is our view that it is too complicated to allow different SRS resources in the same SRS resource set to be transmitted in different slots; the same functionality can be achieved by triggering different SRS resource sets (each confined in a slot) with different slot offsets. Hence, identifying “available slot” in set-level or trigger-level would be more reasonable.
With the “available slot” to be identified in set-level or trigger-level, there are several options for an “available slot” for a given SRS resource set:
· Option 1: It’s a slot;
· Option 2: It comprises at least one RRC configured uplink or flexible symbol.
· Option 3: It’s a slot satisfying: there is no RRC configured DL symbol overlaps with time-domain locations for any SRS resource in the SRS resource set.
· Option 4: It’s a slot satisfying: there is no RRC configured DL symbol overlaps with time-domain locations for any SRS resource triggered by the DCI.
· Option 5: It’s a slot satisfies the minimum timing requirement between the PDCCH that carries the triggering DCI and the SRS resource set.
· Option 6: It’s a slot satisfies the minimum timing requirement between the PDCCH that that carries the triggering and any SRS resource set triggered by the DCI.
For the above options, it is obvious that
· For option 1, the slot offset between an SRS resource set and its reference slot is t, which is independent of the TDD UL/DL configuration;
· For option 2- option 4, the slot offset between an SRS resource set and its reference slot depends on the TDD UL/DL configuration. 
Option 5 and option 6 are two additional conditions to increase the probability of successful SRS transmission. They can be combined with option 1, 2, 3, or 4.
Fig. 2 shows an example of SRS transmission according to option 1 - option 4 respectively. In the example, we have the following assumptions:
· the TDD UL/DL configuration is DUDDFFU;
· set-common t; 
· the reference point is the slot indicated by the legacy triggering offset;
· SRS resource set 1 and SRS resource set 2 are triggered by the same DCI simultaneously, where each SRS resource set is configured with one SRS resource, and SRS resource set 1 is configured with slot offset k = 1 by RRC and SRS resource set 2 is configured with slot offset k = 2 by RRC (then the reference point of SRS resource set 1 is the next slot of the slot for DCI, and the reference point of SRS resource set 2 is the 2nd slot after the slot for DCI);
· no higher layer configured DL symbols in slot n+4 overlaps with the time-domain locations for SRS resource in SRS resource set 2, and at last one higher layer configured DL symbol in slot n+4 overlaps with time-domain locations of SRS resources in SRS resource set 1;
· no higher layer configured DL symbol in slot n+5 overlaps with the time-domain locations for SRS resource in SRS resource set 1 or SRS resource in SRS resource set 2. 
In Fig. 2, we list all of the possible locations of PDCCH and SRS transmission. In the figure, t1, t2, t3, and t4 in t = (t1, t2, t3, t4) denote corresponding t for option 1, 2, 3, and 4 respectively. When tj = x (j ), it means the combination is not supported by option j. The red “x” on the arrow for an SRS transmission means the SRS transmission is not allowed.
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Figure 2: Combinations of PDCCH and SRS transmission locations for an example
It can be seen from the figure for the example that:
· For all options, all the DL slots can be used to trigger SRS transmission;
· The supported combinations of PDCCH and SRS transmission location for different options are different; 
· For option 1, 
· the slot offset between SRS resource set 1 and 2 is independent of the location of DCI, that’s because the definition of “available slot” in option 1 is independent of TDD UL/DL configuration;
· it is possible that some SRS resource can’t be transmitted when its scheduled slot is a DL slot or a slot has DL symbol overlaps with the time-domain locations for the resource;
· For option 2, 3 and 4,
· the slot offset between SRS resource set 1 and 2 is related to the location of DCI, that’s because the definition of “available slot” is related to TDD UL/DL configuration;
· for some locations of PDCCH and SRS transmission, SRS resource set 1 and SRS resource set 2 are transmitted in different slots; and for some locations of PDCCH and SRS transmission, SRS resource set 1 and SRS resource set 2 are transmitted in same slot.
In our opinion, SRS resource sets configured with different slot offsets by RRC are not expected to be transmitted in the same slots. One reason is that some SRS resource sets can’t be transmitted simultaneously. For example, for a UE supports 1T4R, the two aperiodic SRS resource sets with usage set to “antennaSwitching” can’t be transmitted in the same slot. For another example, two SRS resource sets configured with different SpatiaoRelationInfo may not be transmitted simultaneously. Another reason is that even if two aperiodic SRS resource sets can be transmitted simultaneously, it is possible that the summary of the calculated power of the 2 SRS resource sets exceeds the maximum transmit power that UE supported. Then how to allocate the transmit power to the SRS resource sets would be up to UE’s implementation, and the performance of the SRS resource sets may not be guaranteed. In order to avoid scheduling multiple SRS resource sets to be transmitted in the same slot, the complexity of scheduling would be increased and the location of DCI would be restricted. For example, in Fig. 2, in order to avoid scheduling the two SRS resource sets to be transmitted in the same slot, DCI can’t be transmitted in slot n+3 for option 3 and option 4. Therefore, the solution should make sure that two SRS resource sets configured with different slot offset are not transmitted in the same slot, option 1 is preferred.
Considering the flexibility of SRS triggering and the complexity of scheduling, we have the following proposal:
Proposal 1:
· For SRS flexible enhancements, the following solution is considered:
· A given aperiodic SRS resource set is transmitted in the (t+1)-th slot counting from the slot indicated by the legacy triggering offset (Opt. 2), with a set-common t explicitly indicated by DCI, i.e. the value of t is the same for all SRS resource sets triggered by the DCI.
DCI format 2_3 is now supported on triggering aperiodic SRS transmission of SRS resources for carrier switching. DCI format 2_3 can trigger SRS transmissions for multiple UEs and/or SRS transmissions on multiple CCs. The effects of DCI overhead reduction of extending DCI format 2_3 for triggering aperiodic SRS transmission of SRS resource sets with usages other than carrier switching is not obvious. That’s because the SRS transmission for “codebook”/“nonCodebook”/“beamManagement” can be triggered by the DCI that schedules UL data/DL data or CSI reporting, so there are plenty of trigger occasions if flexible aperiodic SRS triggering is enhanced for these DCI formats. Hence the enhancement for group-common DCI is not needed. 
Proposal 2:
· No enhancement for group-common DCI in Rel-17. 
SRS resource reuse is supported by current specifications. For codebook-based UL transmission, the indicated SRI in DCI is associated with the most recent transmission of SRS resource identified by the SRI, where the transmission is prior to the PDCCH carrying the SRI. This implies that codebook-based UL transmission can be associated to the SRS transmission of an SRS resource set with usage set to “antennSwitching” if the SRS resource indicated by SRI is also configured in the SRS resource set with usage set to “antennSwitching”. Up to gNB’s implementation, the SRS transmission of SRS resource(s) in SRS resource set with usage set to “codebook” can be used for DL CSI acquisition. In our opinion, enhancement on SRS usage reuse is not needed.
Proposal 3:
· SRS usage reuse is not enhanced in Rel-17. 
3. SRS for antenna switching
In RAN 1 #103 e-meeting, the following SRS configurations for antenna switching were agreed: {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}, whether 4T6R is FFS. The number of SRS resources and the number of SRS resource sets for each configuration would be related to the antenna structures and guard period between SRS resources. Table 1 summarizes SRS configurations for antenna switching in Rel-15 and their corresponding antenna structures.
Table 1: Summary of SRS configurations for antenna switching in Rel-15
	Schemes
	SRS resource configuration
	Antenna structure

	1T2R
	1 or 2 SRS resource set, where
· 1 port per SRS resource;
· 2 SRS resources per set;
· different symbols for different SRS resources;
If 2 SRS resource sets are configured, they should be configured with different time domain types (i.e. the values of resourceType of the two sets are different).
	1 Tx chain switched between 2 Rx antennas

	1T4R
	0 or 1 periodic/semi-persistent SRS resource set, where
· 1 port per SRS resource;
· total 4 SRS resources with different symbols for different SRS resources; or
0 or 2 aperiodic SRS resource sets, where
· 1 port per SRS resource; 
· each set with 2 SRS resources, or one set with 1 SRS resource and the other set with 3 SRS resources;
· different slots for different sets and different symbols for different SRS resources; 
Note: Only one of a periodic/semi-persistent SRS resource set and aperiodic SRS resource sets can be configured.
	1 Tx chain switched among 4 Rx antennas

	2T4R
	1 or 2 SRS resource set, where
· 2 ports per SRS resource;
· 2 SRS resources per set;
· different symbols for different SRS resources;
· If 2 SRS resource sets are configured, they should be configured with different time domain types.
	2 Tx chains with each Tx chain is switched between 2 Rx antennas

	[bookmark: _Hlk54225134]1T1R/2T2R/4T4R
	1 or 2 SRS resource set, where
· 1/2/4 ports per SRS resource;
· 1 SRS resources per set.
	1/2/4 Tx chains with each Tx chain is connected to one Rx antenna 


Table 2 lists all the possible antenna structures for the schemes in Rel-17. 
Table 2: Possible antenna structures for schemes in Rel-17
	Schemes
	Antenna structures 

	1T6R
	(6)

	1T8R
	(8)

	2T6R
	(3,3); (2,4); (1,5)

	2T8R
	(4,4); (3,5); (2,6); (1,7)

	4T8R
	(2,2,2,2); (4,2,1,1); (3,2,2,1); (3,3,1,1); (5,1,1,1)

	[4T6R]
	[ (3,1,1,1); (2,2,1,1)]

	Note: (x1,x2,x3,x4) is used to denote antenna structure, where xi is present when the i-th T chain exists in the scheme and xi denotes the number of antennas that the i-th Tx chain can be switched to. 


It can be seen that there are varies possible antenna structures for some schemes, and it is not necessary to specify SRS configurations for all possible antenna structures. SRS configurations for typical antenna structures can be considered. In our opinion, at least the antenna structures highlighted in Table 2 are considered.
Proposal 4:
· Prioritize typical antenna structures for SRS for antenna switching;
· At least the following antenna structures are prioritized:
· 1T6R/1T8R: 1 Tx chain connectable to 6 Rx /8 Rx antennas;
· 2T6R: 2 Tx chains with each connectable to 3 Rx antennas;
· 2T8R: 2 Tx chains with each connectable to 4 Rx antennas;
· 4T8R: 4 Tx chains with each connectable to 2 Rx antennas;
· If 4T6R is supported, the following antenna structure is prioritized:
· 4 Tx chains with 2 Tx chains each connectable to 2 Rx antennas and 2 Tx chains each connectable to 1 Rx antenna.
In Rel-15, SRS can only be transmitted at the last 6 symbols within a slot. Since a guard period is specified for antenna switching, at most 3 SRS resources can be configured in a slot. Therefore, the SRS transmission occupies 2 slots for 1T4R and 1 slot for other xTyR schemes. If 1T8R is supported, the number of slots would be even larger, and the latency of CSI would be large. In Rel-16, a UE can report its capability on whether the starting position of an SRS transmission can be any symbol within a slot. Then for the UEs supporting SRS starting from any position within a slot, fewer slots are needed for some schemes. In order to reduce the latency of CSI acquisition, the design of SRS resource configuration should take the two UE capabilities on starting position of SRS within a slot into consideration.
Proposal 5:
· On SRS resource configuration for antenna switching, both the two UE capabilities on starting position of SRS within a slot are considered.
For the typical antenna structures given in proposal 5, the corresponding SRS configurations in Table 3 can be considered.
Table 3: SRS configurations for antenna switching in Rel-17
	schemes
	SRS resource configurations for UEs capable of SRS transmitted in the last 6 symbols within a slot
	SRS resource configurations for UEs capable of SRS transmitted in any symbol(s) within a slot

	1T2R
	1 or 2 SRS resource set, where
· 1 port per SRS resource;
· 2 SRS resources per set;
· different symbols for different SRS resources;
If 2 SRS resource sets are configured, they should be configured with different time domain types (i.e. the values of resourceType of the two sets are different).
	Same as the left

	1T4R
	1 periodic/semi-persistent SRS resource set, where
· 1 port per SRS resource;
· total 4 SRS resources with different symbols for different SRS resources; or
2 aperiodic SRS resource sets, where
· 1 port per SRS resource; 
· each set with 2 SRS resources; or
· one set with 1 SRS resource and the other set with 3 SRS resources;
· different slots for different sets and different symbols for different SRS resources; 

	1 periodic/semi-persistent SRS resource set, where
· 1 port per SRS resource;
· total 4 SRS resources with different symbols for different SRS resources; or
1/2 aperiodic SRS resource set, where
· 1 port per SRS resource; 
· 1 SRS resource set with 4 SRS resources; or
· 2 SRS resource sets with 2 SRS resources in each set ; or 
· 2 SRS resource sets with 1 SRS resource in the 1st set and 3 SRS resources in the 2nd set;
· different slots for different sets and different symbols for different SRS resources; 


	1T6R
	1 periodic/semi-persistent SRS resource set, where
· 1 port per SRS resource;
· total 6 SRS resources with different symbols for different SRS resources; or
2/3 aperiodic SRS resource sets, where
· 1 port per SRS resource; 
· 2 SRS resource sets with 3 SRS resources in each set; or
· 3 SRS resource sets with 2 SRS resources in each set; 
· different slots for different sets and different symbols for different SRS resources; 
	1 periodic/semi-persistent SRS resource set, where
· 1 port per SRS resource;
· total 6 SRS resources with different symbols for different SRS resources; or
1/2/3 aperiodic SRS resource sets, where
· 1 port per SRS resource; 
· 1 SRS resource set with 6 SRS resources in the set; or
· 2 SRS resource sets with 3 SRS resources in each set; or
· 2 SRS resource sets with 2 SRS resources in one set and 4 SRS resources in another set; or
· 2 SRS resource sets with 1 SRS resource in one set and 5 SRS resources in another set; or 
· 3 SRS resource sets with 2 SRS resources in each set; or
· 3 SRS resource sets with 1 SRS resource in 2 set and 4 SRS resources in 1 set; or
· 3 SRS resource sets with 1 SRS resource in the 1st set, 2 SRS resources in the 2nd set, and 3 SRS resources in the 3rd set;
· different slots for different sets and different symbols for different SRS resources; 


	1T8R
	1 periodic/semi-persistent SRS resource set, where
· 1 port per SRS resource;
· total 8 SRS resources with different symbols for different SRS resources; or
3/4 aperiodic SRS resource sets, where
· 1 port per SRS resource; 
· 3 SRS resource sets with 2 sets with 3 SRS resources and 1 set with 2 SRS resources;
· 4 SRS resource sets are configured with 2 SRS resources in each set; or 
· 4 SRS resource sets with 1 SRS resource in the 1st set, 2 SRS resources in the 2nd set, 2 SRS resources in the 3rd set, 3 SRS resources in the 4th set; or
· 4 SRS resource sets with 1 SRS resource in the 1st set, 1 SRS resources in the 2nd set, 3 SRS resources in the 3rd set, 3 SRS resources in the 4th set;
· different slots for different sets and different symbols for different SRS resources; 
	1 periodic/semi-persistent SRS resource set, where
· 1 port per SRS resource;
· total 8 SRS resources with different symbols for different SRS resources; or
2/3/4 aperiodic SRS resource sets, where
· 1 port per SRS resource; 
· 4 SRS resources per set; or 
· 2 sets with 3 SRS resources in the 1st set and 5 SRS resources in the 2nd set; or
· 2 sets with 2 SRS resources in the 1st set and 6 SRS resources in the 2nd set; or
· 3 SRS resource sets with 2 sets with 3 SRS resources and 1 set with 2 SRS resources;
· 4 SRS resource sets are configured with 2 SRS resources in each set; or 
· 4 SRS resource sets with 1 SRS resource in the 1st set, 2 SRS resources in the 2nd set, 2 SRS resources in the 3rd set, 3 SRS resources in the 4th set; or
· 4 SRS resource sets with 1 SRS resource in the 1st set, 1 SRS resources in the 2nd set, 3 SRS resources in the 3rd set, 3 SRS resources in the 4th set;
· different slots for different sets and different symbols for different SRS resources;

	2T4R
	1 or 2 SRS resource sets, where
· 2 ports per SRS resource;
· 2 SRS resources per set;
· different symbols for different SRS resources;
· If 2 SRS resource sets are configured, they should be configured with different time domain types.
	Same as the left

	2T6R
	1 periodic/semi-persistent SRS resource set, where
· 2 port per SRS resource;
· total 3 SRS resources with different symbols for different SRS resources;
1/2 aperiodic SRS resource sets, where
· 2 ports per SRS resource; 
· 1 SRS resource set with 3 SRS resources; or
· 2 SRS resource sets with 1 SRS resource in the 1st set and 2 SRS resources in the 2nd set;
· different slots for different sets and different symbols for different SRS resources; 
	Same as the left

	2T8R
	1 periodic/semi-persistent SRS resource set, where
· 2 ports per SRS resource;
· total 4 SRS resources with different symbols for different SRS resources; or
2 aperiodic SRS resource sets, where
· 2 ports per SRS resource; 
· 2 SRS resources per set; or
· one set with 1 SRS resource and the other set with 3 SRS resources;
· different slots for different sets and different symbols for different SRS resources; 
	1 periodic/semi-persistent SRS resource set, where
· 2 ports per SRS resource;
· total 4 SRS resources with different symbols for different SRS resources; or
1/2 aperiodic SRS resource sets, where
· 2 ports per SRS resource; 
· 1 SRS resource set with 4 SRS resources; or
· 2 SRS resource sets with 2 SRS resources per set; or
· 2 SRS resource sets with one set with 1 SRS resource and the other set with 3 SRS resources;
· different slots for different sets and different symbols for different SRS resources; 


	[4T6R]
	1 periodic/semi-persistent SRS resource set, where
· 2 SRS resources with one SRS resource with 4 ports and one SRS resource with 2 ports;
· different symbols for different SRS resources;
1/2 aperiodic SRS resource sets, where
· 1 SRS resource set with 2 4-port SRS resources and one 2-port SRS resource;
· 2 SRS resource sets with a 4-port SRS resource is in the 1st set and a 2-port SRS resource in another set; 
· different slots for different sets and different symbols for different SRS resources; 

	Same as the left 

	4T8R
	1 or 2 SRS resource set, where
· 4 ports per SRS resource;
· 2 SRS resources per set;
· different symbols for different SRS resources;
If 2 SRS resource sets are configured, they should be configured with different time domain types.
	Same as the left

	1T1R/2T2R/4T4R
	1 or 2 SRS resource set, where
· 1/2/4 ports per SRS resource;
· 1 SRS resources per set.
	Same as the left.


Proposal 6:
· For SRS for antenna switching, the SRS configurations for antenna switching in Table 3 are considered.
4. Enhancement on SRS for capacity and coverage
According to the agreement of last meeting, at least one scheme from Class 2 and Class 3 is supported to enhance SRS coverage and capacity. Different candidate schemes for Class 2 and Class 3 have been provided. In the next two subsections, our views for candidate schemes for SRS repetition and partial frequency sounding are given respectively. 
4.1. Discussion on candidate schemes for SRS repetition 
In the last meeting [2], four candidate schemes for SRS repetition are given. In this section, we discuss them respectively. 
· Scheme 2-0: Increase the number of repetition symbols in one slot
For Scheme 2-0, more symbols can be used to transmit SRS for further enhancing SRS coverage. In Rel-15, it has been supported that one SRS resource can be configured  adjacent symbols within the last 6 symbols of a slot, and be configured with repetition factor and . This scheme can be regarded as the simple extension of current SRS configuration. But more SRS symbols transmission need more UL resource and consume more power of UE. If there is not obvious gain improvement, it may be not worth to increase SRS repetition. Otherwise, it can be supported if obvious gain is achieved by increasing SRS repetition. 
· Scheme 2-1: Inter-slot repetition on consecutive symbols or non-consecutive symbols across slots
For Scheme 2-1, the repeated SRS symbols are transmitted on consecutive symbols or non-consecutive symbols across slots. Assume SRS can be transmitted on consecutive symbols in two adjacent slots, and the number of repetition symbols is fixed for different scheme. The performance of the inter-slot repetition on consecutive symbols may be similar as that of intra-slot SRS repletion. Due to random phase shift on different slots, the performance of the inter-slot repetition on non-consecutive symbols may be degraded compared to intra-slot repetition. The two adjacent slots may be not UL slots. E.g., one is UL slot and the next one is DL slot. In such case, SRS for inter–slot repetition with two adjacent slots cannot be adopted, whereas intra-slot repetition does not have such restriction. Hence, the scheme of inter-slot repetition is not flexible. In addition, given that there are available multiple slots for SRS transmission, gNB has to increase buffer to save estimation UL channel of one slot so that channel of multiple slots can be jointly estimated at gNB. 
· Scheme 2-2: Repetition with TD-OCC
One important issue for SRS repetition is that SRS capacity will be reduced since more symbols are occupied by one UE. In order to address the issue, the Scheme 2-2, i.e., repetition with TD-OCC is provided so that more users can use the same resource through orthogonal cover code in time domain. However, the orthogonality for cover code of multiple users may be broken due to the following reasons. One reason is that different users may experience different Doppler shift on different symbols. The introduced Doppler shifts on different symbols makes that the cover codes for different users are not orthogonal each other. Similarly, different users also have different frequency error on different symbols. The frequency error affects the orthogonality of cover code for different users as well. The other reason is that SRS transmission may collide with other UL channel/signal, e.g., PUCCH. In such case, SRS may be dropped according to priority of signal transmission. This results the cover code of multiple users is not orthogonal to each other. Therefore, these issues should be solved before using TD-OCC. However, it may also require more specification efforts after introducing the new approaches for these issues. In our views, SRS repetition and partial frequency sounding (E.g., larger comb size 8 or 12 is configured.) can be jointly used to reduce SRS capacity loss. More SRS ports can be multiplied by using FDM. Larger comb size is just extension of current specification. Hence, it only needs marginal specification efforts.  
Proposal 7: 
· Larger number of SRS repetition, e.g., 8 or 12 repetition symbols in a slot can be supported if there is obvious performance gain improvement.
· In order to reduce SRS capacity loss introduced by SRS repetition, more users are multiplexed in frequency domain by configuring larger comb size, e.g., 8 or 12.
· Scheme 2-3: Repetition with CS hopping
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. This may deteriorate the inter-cell interference. Hence, the SINR of SRS may be decreased. In order to make the inter-cell interference randomness and improve SINR of SRS, SRS repetition with CS hopping was proposed in [3]. This scheme introduces CS hopping between different SRS symbols to avoid different users which located different cells adopting the same sequence.

In current specification, pseudo-random sequence  for generating SRS sequence of normal SRS transmission is initialized with  in which case . In order to avoid collision between SRS-Pos signal and reduce UL interference for different users,  is configured for SRS positioning. Motived by this, the range of  for normal SRS transmission can also change into . In this way, the neglect specification changes are required. 
Proposal 8: 
· In order to make inter-cell interference randomize, it can be supported that the range of  for normal SRS transmission is also change into same range, i.e.,  as SRS-for-positioning. 
4.2. Discussion on candidate schemes for partial frequency sounding
For partial frequency sounding, five candidate schemes are given to enhance SRS coverage and capacity in the last meeting. In this subsection, they are discussed respectively in the following. 
· Scheme 3-1: RB-level partial frequency sounding
The schedule bandwidth of SRS or hopping bandwidth are always multiple of four. Therefore, RB-level partial frequency sounding should be firstly defined in a range of 4 PRBs. Then, the other bandwidth adopts the same approach. For RB-level partial frequency sounding, SRS is transmitted on non-uniform frequency resources. Assume the length of SRS sequence is fixed. The average power is same for SRS transmission on both uniform and uneven frequency resources. However, the peak power of SRS transmission on uneven frequency resources is larger than that of SRS transmission on uniform frequency resource. This makes the PAPR of SRS transmission on uneven frequency resource increase with respect to SRS transmission on uniform frequency resource. For example, let the bandwidth of SRS transmission and the subcarrier space (SCS) be set 48 PRBs and 30 KHz, respectively. The PAPR of two cases, i.e., comb size 4 with pattern ‘1111’ and comb size 2 with pattern ‘0101’, are given in Table 4. In the table, pattern ‘1111’ and ‘0101’ respectively denote SRS are transmitted on all PRBs and only on the PRBs whose indexes are odd or even. The latter pattern means that SRS is transmitted on uneven frequency resources. It can be observed that the average power for the two cases is almost the same since they have the same length of sequence. However, the peak power of the comb size 2 with pattern ‘0101’ is larger than that of comb 4 with pattern ‘1111’.
Table 4: The PAPR of different comb sizes and patterns with SRS transmission bandwidth 48 PRBs without hopping
	Comb size and pattern
	Average Power
	Peak Power
	PAPR

	4 and ‘1111’
	4.3403e-04
	9.7552e-04
	2.2476

	2 and ‘0101’
	4.5269e-04
	0.0015
	3.3357


Observation 1: 
· The PAPR of SRS transmission on uneven frequency resource by using RB-level partial frequency sounding is increased compared to the SRS transmission on uniform frequency resource as do as SRS transmission in Rel-15. 
[bookmark: _GoBack]SRS transmission in Rel-15 is transmitted on uniform frequency resources. If SRS resource is transmitted on uneven frequency resources, gNB needs to use other methods to estimate UL channel. Assume that two SRS resources of two users are transmitted on uniform and non-uniform frequency resources, respectively. gNB has to adopt different methods to estimate their UL channel. Obviously, this increases the implementation complexity of gNB. 
· Scheme 3-2: Subcarrier-level partial frequency sounding
The comb size 2 and 4 has been supported in Rel-15. In Rel-16, comb size 8 was introduced for SRS-positioning. In our view, comb size 8 can also be supported for normal SRS transmission to enhance SRS coverage. It is a straightforward extension of comb size and does not require significant specification changes. In addition, SRS is still uniformly transmitted on the whole bandwidth for the configured larger comb size. Due to larger comb size, this also allows more users to be multiplexed in frequency domain to enhance SRS capacity. In order to investigate the PAPR issues of subcarrier-level partial frequency sounding, the PAPR of different comb sizes for different SRS transmission bandwidths are given in Fig.3. As shown in the figure, for SRS transmission bandwidth with 16 PRBs and 48 PRBs, the PAPR of comb size 8 is similar as that of comb size 2 and 4, and the PAPR of comb size 12 is slight larger than that of other comb sizes. For SRS transmission bandwidth 96 PRBs, the PAPR of both comb size 8 and 12 is even smaller than that of comb size 2. In the figure, the PAPR of comb 4 with pattern ‘0101’ is also given as comparison. We can see that the PAPR of comb size 8 and 12 is always smaller than that of comb 4 with pattern ‘0101’ for the three bandwidths.  

Figure 3: The PAPR of different comb size for different SRS transmission bandwidths without hopping
Observation 2: 
· For the same SRS transmission bandwidth, the PAPR of larger comb size, e.g., 8 or 12 is smaller than that of comb 4 with pattern‘0101’which belongs to RB-level partial frequency sounding. 
Due to similar transmission manner, the UL channel estimation method for SRS in Rel-15 can be reused. It does not introduce additional implementation complexity for larger comb size configuration at gNB. In Fig. 4, the DL performance for different comb size is given. The detail simulation assumptions are given in the Table A1 of the appendix. In Rel-15, the maximum number of cyclic shifts (CS) value for comb size 2 and 4 is 8 and 12, respectively. In order to obtain more orthogonal sequence, the maximum number of CS value for comb size 8 and comb size 12 are set to 16 and 24, respectively. In the simulation, the power of SRS resource with comb size N = 4, 8 and 12 increases by  times compared to that of SRS resource with comb size 2. As shown in the figure, the performance for different comb sizes is similar. However, the SRS capacity of comb size 8 and comb size 12 is 2 and 3 times of comb size 4, respectively. 
[image: ][image: ]
Figure 4: The DL performance for different comb sizes
Since the shortest ZC sequence is 6, there may be not suitable sequence for larger comb size for some corner cases. E.g., the comb size and the bandwidth of SRS are set to 12 and 4, respectively. The length of SRS sequence is 4 which are smaller than the shortest ZC sequence. For such case, smaller comb size should be utilized.
· Scheme 3-3: Subband-level partial frequency sounding
Some companies proposed that a configuration or indication information is informed to UE so that some subbands for SRS resource transmission are dropped. For subband-level partial frequency sounding, one way is that some subband hoppings are dropped. The other way is that some subbands in a hopping bandwidth are dropped. Some potential issues for subband-level partial frequency sounding need to be addressed. Firstly, additional DL overhead is required to configure or indication to UE which subbands are dropped. Secondly, the estimation UL channel is different through transmitting SRS on different subbands. So, which subbands should be kept or dropped? If some subbands in a hopping bandwidth are dropped, SRS transmission is not uniform on frequency resources. This also raises PAPR and implementation complexity of gNB issues as discussed above.
· Scheme 3-4: Partial-frequency sounding schemes assisted with CSI-RS, where SRS is transmitted in a subset of RBs of the original SRS frequency resource
For this scheme, the interference information is transparently sent to gNB by precoding SRS with interference covariance matrix. The interference covariance matrix is derived through an associated CSI-RS resource. In this way, gNB can obtain the UL channel and interference information. The circumstances of UE may be changed due to UE mobility or others. This means the experienced interference by the user is also variable. Assume the interference covariance matrix is based on the received CSI-RS prior to SRS. Then, the derived interference matrix is used to precode SRS. However, at this moment, the interference of the user may be difference from the derived interference. This may result that gNB does not obtain accurate interference information. The scheme needs to further study. 
· Scheme 3-5: Dynamic change of SRS bandwidth with RB-level subband size scaling
For dynamical change of SRS bandwidth, it is only applied to A-SRS and SP-SRS. The new DCI-field and MAC-CE may be introduced. We do not see the clear motivation that dynamic change of SRS is introduced. One argues that dynamic change of SRS bandwidth can increase flexibilities of partial frequency sounding. In fact, for the Scheme3-1~Scheme3-4, all of them has supported flexible SRS transmission on partial frequency sounding. The necessity of dynamic change of SRS bandwidth should be clarified.
Proposal 9: 
· Partial sounding with larger comb size, e.g., 8 or 12 can be supported to enhance SRS coverage and capacity.
5. Conclusions
In this contribution, we provided our views on the enhancement for Rel-17 SRS. We have the following observations and proposals:

Observations
Observation 1: 
· The PAPR of SRS transmission on uneven frequency resource by using RB-level partial frequency sounding is increased compared to the SRS transmission on uniform frequency resource as do as SRS transmission in Rel-15.
Observation 2: 
· For the same SRS transmission bandwidth, the PAPR of larger comb size, e.g., 8 or 12 is smaller than that of comb 4 with pattern‘0101’which belongs to RB-level partial frequency sounding. 

Proposals
Proposal 1:
· For SRS flexible enhancements, the following solution is considered:
· A given aperiodic SRS resource set is transmitted in the (t+1)-th slot counting from the slot indicated by the legacy triggering offset (Opt. 2), with a set-common t explicitly indicated by DCI, i.e. the value of t is the same for all SRS resource sets triggered by the DCI.
Proposal 2:
· No enhancement for group-common DCI in Rel-17. 
Proposal 3:
· SRS usage reuse is not enhanced in Rel-17. 
Proposal 4:
· Prioritize typical antenna structures for SRS for antenna switching;
· At least the following antenna structures are prioritized:
· 1T6R/1T8R: 1 Tx chain connectable to 6 Rx /8 Rx antennas;
· 2T6R: 2 Tx chains with each connectable to 3 Rx antennas;
· 2T8R: 2 Tx chains with each connectable to 4 Rx antennas;
· 4T8R: 4 Tx chains with each connectable to 2 Rx antennas;
· If 4T6R is supported, the following antenna structure is prioritized:
· 4 Tx chains with 2 Tx chains each connectable to 2 Rx antennas and 2 Tx chains each connectable to 1 Rx antenna.
Proposal 5:
· On SRS resource configuration for antenna switching, both the two UE capabilities on starting position of SRS within a slot are considered.
Proposal 6:
· For SRS for antenna switching, the SRS configurations for antenna switching in Table 3 are considered.
Proposal 7: 
· Larger number of SRS repetition, e.g., 8 or 12 repetition symbols in a slot can be supported if there is obvious performance gain improvement.
· In order to reduce SRS capacity loss introduced by SRS repetition, more users are multiplexed in frequency domain by configuring larger comb size, e.g., 8 or 12.
Proposal 8: 
· In order to make inter-cell interference randomize, it can be supported that the range of  for normal SRS transmission is also change into same range, i.e.,  as SRS-for-positioning.
Proposal 9: 
· Partial sounding with larger comb size, e.g., 8 or 12 can be supported to enhance SRS coverage and capacity.
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7. Appendix
Table A1: Simulation assumptions of LLS
	Parameter
	Value

	Metric
	DL BLER

	Carrier frequency
	3.5 GHz

	SCS
	30kHz

	Channel bandwidth
	52PRB

	Channel model
	CDL-C in TR 38.901

	Delay spread
	300ns

	UE speed
	3km/h

	Number of UE antennas 
	2T4R

	Number of gNB antennas
	32T32R

	UE antenna configuration
	Omni

	Rank, precoder and MCS 
	Rank=1 and based on SVD. MCS =5.

	Precoding granularity
	4 RBs

	SRS periodicity 
	5 slots

	SRS Comb
	Comb 4

	SRS frequency hopping
	Without hopping

	SNR
	The difference between DL and UL SNR is 19 dB. 
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