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1. Introduction
In RAN1 #107-e meeting, the following agreements on SRS enhancement were reached.
	Agreement
When ca-SlotOffset is configured, reference slot to use the Rel-17 mechanism for determining the SRS offset is slot [image: ], otherwise reference slot is [image: ] 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, we provide our views on the remaining details of SRS enhancements for Rel-17.
2. Remaining details on SRS enhancements for Rel-17
2.1 Aperiodic SRS triggering flexibility
2.1.1 Available slot operation
In Rel-16 spec, the transmission slot for the triggered aperiodic SRS resource set is given by RRC parameter slotOffset, which is semi-statically configured. Therefore, in TDD system, there is restriction on which slot could be used for PDCCH carrying the DCI to trigger the aperiodic SRS resource set.
In order to remove the restriction on PDCCH to trigger aperiodic SRS, the available slot operation was introduced in Rel-17. In previous meetings, it was agreed that a new configurable field will be added to DCI scheduling PDSCH/PUSCH (DCI 0_1/0_2/1_1/1_2) and DCI 0_1/0_2 without scheduling PUSCH to indicate the available slot for the triggered SRS.
However, aperiodic SRS could also be triggered by DCI format 2_3. It’s still under discussion whether the available slot operation can be applied for DCI 2_3.
If the available slot operation is not applied for DCI 2_3, then the transmission slot for SRS triggered by DCI 2_3 is still given by the legacy RRC parameter slotOffset. Therefore, the restriction on slot carrying DCI 2_3 to trigger SRS still exists. Considering that DCI 2_3 is group common DCI which can be used to trigger SRS for multiple UEs, there is even more severe restriction on PDCCH. Figure 1 illustrates the issue.


[bookmark: _Ref95219156]Figure 1 Restriction on slot used for DCI 2_3 to trigger SRS for multiple UEs
Therefore, it’s beneficial to apply the available slot operation to the group DCI 2_3 to remove the restriction on the slot used for SRS triggering.
In Rel-17, for DCI 0_1/0_2/1_1/1_2, a new DCI field could be added to indicate the value of the available slot for the triggered SRS (‘t’ value). But for DCI 2_3, adding a new field may lead to a lot of discussion at this stage. It’s better to have a scheme to enable available slot operation for DCI 2_3 without introducing new field.
One possible solution is that if the available slot operation is enabled in one CC, i.e., at least one SRS resource set is configured with ‘t’ value, then the available slot operation could be used when the SRS is triggered by DCI 2_3, wherein a specific ‘t’ value is applied. For example, if the triggered SRS resource set is not configured with ‘t’ value, then ‘t=0’ is applied. If the triggered SRS resource set is configured with ‘t’ value(s), then the first ‘t’ value is applied for the triggered SRS.
In this way, the available slot operation could be enabled for DCI 2_3 without introducing new DCI field.
Proposal 1:
· The available slot operation for aperiodic SRS is also applicable to DCI format 2_3 without introducing new DCI field. If available slot operation is enabled in one CC, when aperiodic SRS resource set is triggered by DCI 2_3
· 't=0' is applied if the triggered SRS resource set is not configured with 't' value.
· the first 't' value is applied if the triggered SRS resource set is configured with 't' value(s)
2.1.2 Aperiodic SRS dropping rule
In Rel-17, the available uplink slot will be indicated via DCI for aperiodic SRS transmission. In carrier aggregation scenario, it’s possible that multiple aperiodic SRS resource sets over different CCs are triggered to be transmitted within the same slot creating simultaneous SRS case in different CCs. Figure 2 illustrates example of the simultaneous aperiodic SRS transmission in two CCs.


[bookmark: _Ref78903614]Figure 2 Collision among multiple aperiodic SRS over different CCs
If the transmission over multiple CCs exceeds the UE’s capability (for example, FG 22-5a to 22-5d), then the collision among SRS should be addressed by specification. In legacy spec, the collision rule among aperiodic SRS and other uplink signals, such as PUCCH/PUSCH, are specified. In order to address the collision among aperiodic SRS, additional rules targeting aperiodic SRS resource sets over different CCs should be defined.
For example, prioritization rule may consider SRS based on usage (CB, NCB, BM or AS). The SRS for antenna switching should be prioritized over other SRS usage, since the downlink precoder acquisition is important for the system performance. If the collision happens among SRS with the same usage, then the CC ID or SRS resource set ID could be further considered in prioritization of the SRS transmission.
Proposal 2:
· Support dropping rule to handle collision among aperiodic SRS in different CCs, where the dropping rule is based on SRS usage and CC ID/SRS resource set ID.
2.1.3 Flexible antenna switching
In previous meeting, it was discussed whether to support flexible selection of xTyR for antenna switching. There are two solutions, one is MAC-CE based, the other one is DCI based.
1) MAC-CE based
The MAC-CE based solution is gNB could indicate the used SRS resources from the configured SRS resources for antenna switching via MAC-CE. It may be applied to periodic SRS, semi-persistent SRS and aperiodic SRS.
In our view, it’s not needed to have MAC-CE for flexible antenna switching.
Periodic SRS
For periodic SRS antenna switching, the transmission period is relatively long. In such case, the RRC reconfiguration is sufficient for switching between different xTyR. In this case there is no need to introduce MAC-CE.
Semi-persistent SRS
Regarding semi-persistent SRS, it was agreed that two semi-persistent SRS resource sets could be supported for antenna switching. Therefore, the existing MAC-CE to activate/deactivate semi-persistent SRS can be used to enable flexible switching between xTyR.
For example, the UE could be configured with one semi-persistent resource set for 2T4R and another semi-persistent SRS resource set for 1T2R. In this way, the gNB can use the existing MAC-CE to activate corresponding semi-persistent SRS resource set for 1T2R or 2T4R operation.
Comparing with introducing new MAC-CE, re-using the existing MAC-CE is the simplest way and has minimum spec impact. In addition, re-using the existing MAC-CE can also support changing the number of ports of SRS.
Aperiodic SRS
For aperiodic SRS, introducing MAC-CE to activate/deactivate some resources just introduce additional signaling overhead and may not be sufficient to satisfy the timing of aperiodic SRS. For aperiodic SRS, the more natural approach to support flexible xTyR antenna switching is using DCI based indication.
Proposal 3:
· Do not support introducing new MAC-CE for flexible antenna switching with periodic/semi-persistent/aperiodic SRS.
2) DCI based
Another solution for flexible antenna switching is to use DCI for aperiodic SRS.
Since SRS antenna switching is to derive the precoder for DL, the aperiodic SRS is more important than periodic/semi-persistent SRS for network performance.
For aperiodic SRS antenna switching, flexible switch between different xTyR can be supported by using association of the different trigger states with the aperiodic SRS resource sets for corresponding xTyR. For example, trigger state #1 could be associated with SRS set #A for 2T4R, and trigger state #2 could be associated with SRS set #B for 1T2R. In this way, the flexible switching between different xTyR could be achieved, and the changing number of SRS ports, i.e., changing of xT, can be also supported. Figure 3 shows an example of the operation.
Compared with MAC-CE based solution, the spec impact is much less and there is no need to introduce new DCI field or new MAC CE.


[bookmark: _Ref86921218]Figure 3 DCI based flexible switching between different xTyR
Proposal 4:
· For antenna switching with aperiodic SRS, DCI is used to switch between different xTyR
· The aperiodic SRS resource sets for different xTyR are associated with different trigger state
· No new DCI field is needed
For flexible antenna switching, it was discussed that whether the UE can report the preferred antenna switching configuration. We think the reporting mechanism could be complicated if the reporting is based on UCI or MAC-CE. For example, if it is via UCI, then how many bits are needed and how to multiplex with UCI will require a lot of discussion. If it is based on MAC-CE, then it should be discussed on the condition to trigger the reporting and how often to report.
Proposal 5:
· Do not support UE reporting preferred antenna switching configuration via UCI or MAC-CE.
2.2 Aperiodic SRS triggered by DCI 0_1/0_2 without PUSCH and CSI Request without re-purposing un-used bits
2.2.1 SRS power control
In Rel-16, the SRS resource set could be configured to follow the PUSCH power control adjustment state or a separate power control adjustment. The derivation of SRS power control adjustment state is defined in TS 38.213.
In Rel-17, the aperiodic SRS could be triggered by DCI 0_1/0_2 without scheduling PUSCH and without CSI-Request. Following the current Rel-16 spec, it’s not clear how to derive the SRS power control state.
	[bookmark: _Toc12021444][bookmark: _Toc20311556][bookmark: _Toc26719381][bookmark: _Toc29894812][bookmark: _Toc29899111][bookmark: _Toc29899529][bookmark: _Toc29917266][bookmark: _Toc36498140][bookmark: _Toc45699166][bookmark: _Toc60601283][bookmark: _Hlk95147492]7	Uplink Power control
…
[bookmark: _Toc12021445][bookmark: _Toc20311557][bookmark: _Toc26719382][bookmark: _Toc29894813][bookmark: _Toc29899112][bookmark: _Toc29899530][bookmark: _Toc29917267][bookmark: _Toc36498141][bookmark: _Toc45699167][bookmark: _Toc60601284]7.1	Physical uplink shared channel
…
For the PUSCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] in PUSCH transmission occasion [image: ]
-	[image: ] is a TPC command value included in a DCI format that schedules the PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] or jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, as described in Clause 11.3
…
[bookmark: _Toc12021449][bookmark: _Toc20311561][bookmark: _Toc26719386][bookmark: _Toc29894817][bookmark: _Toc29899116][bookmark: _Toc29899534][bookmark: _Toc29917271][bookmark: _Toc36498145][bookmark: _Toc45699171][bookmark: _Toc60601288]7.3	Sounding reference signals
…
For the SRS power control adjustment state for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and SRS transmission occasion [image: ]
-	[image: ], where [image: ] is the current PUSCH power control adjustment state as described in Clause 7.1.1, if srs-PowerControlAdjustmentStates indicates a same power control adjustment state for SRS transmissions and PUSCH transmissions; or
-	[image: ] if the UE is not configured for PUSCH transmissions on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], or if srs-PowerControlAdjustmentStates indicates separate power control adjustment states between SRS transmissions and PUSCH transmissions, and if tpc-Accumulation is not provided, where 
-	The [image: ] values are given in Table 7.1.1-1
-	[image: ] is jointly coded with other TPC commands in a PDCCH with DCI format 2_3, as described in Clause 11.4
…



1) Aperiodic SRS configured with the same power control adjustment state as PUSCH
As shown in the spec text above, for PUSCH, the TPC command is carried by DCI format scheduling PUSCH or DCI format 2_2. So, following the current spec, when DCI format 0_1/0_2 without scheduling PUSCH triggers aperiodic SRS, the TPC command carried by the DCI is not used for PUSCH power control, i.e., it’s not used to determine the PUSCH power control adjustment state. Therefore, if the triggered aperiodic SRS is configured with the same power control state as PUSCH, the TPC command will not be used, either.
2) Aperiodic SRS configured with separate power control adjustment state as PUSCH
If the aperiodic SRS is configured with separate power control state as PUSCH, when determining the SRS power control adjustment state, only the TPC command carried via DCI format 2_3 is considered. Therefore, if the aperiodic SRS is triggered by the DCI format 0_1/0_2 without scheduling PUSCH, it’s not specified on how to determine the SRS power control state.
For aperiodic SRS transmission, it’s better to adjust the Tx power for SRS transmission timely to reduce unnecessary interference. Therefore, it’s preferred to apply the TPC command for SRS transmission when the SRS is triggered by DCI 0_1/0_2 without scheduling PUSCH.
Proposal 6:
· For SRS triggered by DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request, the existing TPC command carried by the DCI is used for the triggered SRS transmission.
2.2.2 BWP switching operation
In DCI format 0_1/0_2, there is a field of BWP indicator, which is used for DCI based BWP switching operation. When aperiodic SRS is triggered by DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request, whether the BWP indicator field should be used for BWP switching should be clarified. Otherwise, the UE behavior is not specified regarding the BWP indicator field, and the spec is not clear. In our view, the BWP indicator field should also be used to switch the BWP for the triggered SRS transmission for more flexibility.
Proposal 7:
· When SRS is triggered by DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request, the existing BWP indicator field carried by the DCI could be used to switch the BWP for the triggered aperiodic SRS transmission.
2.3 Antenna switching for up to 8 antennas
2.3.1 Guard period
One remaining issue on guard period configuration for antenna switching is whether the guard period is always on, or it could be up to UE capability.
The requirement on guard period should be from RAN4 and currently we don’t see any change from RAN4. In addition, in the LS from RAN4 [7], it is indicated that transient period between SRS resources is 15us. So, the guard period for antenna switching should be always on, i.e., the same as Rel-15.
Proposal 8:
· For antenna switching, the guard symbols should be always on, which is same as Rel-15.
According to the current spec of 38.214, when performing collision handling, the priority of the gap symbols is the same as SRS.
However, in the section of SRS antenna switching, it is specified that the UE should not transmit any other uplink signal during the gap period.
The corresponding spec text from 38.214 is copied as below.
	6.2.1	UE sounding procedure
…
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching', and a guard period of Y symbols is configured according to Clause 6.2.1.2, the UE shall use the same priority rules as defined above during the guard period as if SRS was configured.
…
6.2.1.2	UE sounding procedure for DL CSI acquisition
…
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. For two SRS resource sets of an antenna switching located in two consecutive slots, if UE is capable of transmitting SRS in all symbols in one slot, a guard period of Y symbols exists between the last OFDM symbol occupied by the SRS resource set in the first slot and the first OFDM symbol occupied by the SRS resource set in the second slot.
…


It can be observed that the description regarding the collision handling for gap period is contradictory. Considering an example as shown in Figure 4, two-symbol gap period are configured for antenna switching. There is PUCCH for ACK which collides with one symbol of the gap period. In such case, should the PUCCH be transmitted or not?


[bookmark: _Ref95221084]Figure 4 Collision handling issue on gap period for antenna switching
According to the description in Section 6.2.1 of 38.214, the gap symbols should follow the priority handling for SRS, i.e., the PUCCH for ACK should be transmitted. But according to the description in Section 6.2.1.2 of 38.214, any other uplink signal should not be transmitted over the gap period, i.e., the PUCCH for ACK should be dropped.
Therefore, we think the collision handling for gap symbols for antenna switching should be clarified.
Proposal 9:
· RAN1 to clarify the collision handling for the gap period of antenna switching.
Regarding the gap symbols for antenna switching, it has been agreed that the gap symbols should exist if the SRS resource sets for antenna switching are allocated to consecutive slots.
In this case, if the period between two SRS resources is larger than the required gap symbols, then the position for gap symbols should be defined because the gap symbols are also used for collision handling. If the gap symbol position is not defined, the UE and gNB may have different understanding on which symbols are used for gap operation.
Proposal 10:
· RAN1 to clarify the gap symbol position if the period between two SRS resource is larger than the gap period
2.4 SRS capacity/coverage enhancement
2.4.1 SRS partial sounding
For SRS partial sounding, one remaining issue is on the applicable case, i.e., whether the partial sounding is applicable to frequency hopping case, non-frequency hopping case, or both frequency hopping and non-frequency hopping.
From our view, if SRS partial sounding is applied to non-frequency hopping case, the SRS transmission pattern could be the same as conventional SRS frequency hopping, as shown in Figure 5. Therefore, the application SRS partial sounding for non-frequency hopping is not necessary.



[bookmark: _Ref68359615]Figure 5 SRS partial sounding
Proposal 11:
· The SRS partial sounding is applicable for frequency hopping case, and not applicable for non-frequency hopping case.
Another remaining issue is whether to support additional value for the partial sounding factor other than {2, 4}. Form our understanding, we don’t see the necessity and benefit to support additional value other than {2,4}.
Proposal 12:
· For SRS partial sounding factor, do not support additional values other than {2, 4}.
3. Conclusion
In conclusion, we have the following proposals on SRS enhancements in Rel-17.
Proposal 1:
· The available slot operation for aperiodic SRS is also applicable to DCI format 2_3 without introducing new DCI field. If available slot operation is enabled in one CC, when aperiodic SRS resource set is triggered by DCI 2_3
· 't=0' is applied if the triggered SRS resource set is not configured with 't' value.
· the first 't' value is applied if the triggered SRS resource set is configured with 't' value(s)
Proposal 2:
· Support dropping rule to handle collision among aperiodic SRS in different CCs, where the dropping rule is based on SRS usage and CC ID/SRS resource set ID.
Proposal 3:
· Do not support introducing new MAC-CE for flexible antenna switching with periodic/semi-persistent/aperiodic SRS.
Proposal 4:
· For antenna switching with aperiodic SRS, DCI is used to switch between different xTyR
· The aperiodic SRS resource sets for different xTyR are associated with different trigger state
· No new DCI field is needed
Proposal 5:
· Do not support UE reporting preferred antenna switching configuration via UCI or MAC-CE.
Proposal 6:
· For SRS triggered by DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request, the existing TPC command carried by the DCI is used for the triggered SRS transmission.
Proposal 7:
· When SRS is triggered by DCI format 0_1/0_2 without scheduling PUSCH and without CSI Request, the existing BWP indicator field carried by the DCI could be used to switch the BWP for the triggered aperiodic SRS transmission.
Proposal 8:
· For antenna switching, the guard symbols should be always on, which is same as Rel-15.
Proposal 9:
· RAN1 to clarify the collision handling for the gap period of antenna switching.
Proposal 10:
· RAN1 to clarify the gap symbol position if the period between two SRS resource is larger than the gap period
Proposal 11:
· The SRS partial sounding is applicable for frequency hopping case, and not applicable for non-frequency hopping case.
Proposal 12:
· For SRS partial sounding factor, do not support additional values other than {2, 4}.
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