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


In this contribution, we provide our views on the remaining details of SRS enhancements for Rel-17.
2. Discussion on SRS enhancements for Rel-17
2.1 Aperiodic SRS triggering flexibility
2.1.1 Indication of available slot
In previous meetings, it was agreed that a new configurable field will be added to DCI scheduling PDSCH/PUSCH 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. Therefore, it’s natural to apply the same scheme of available slot indication to the group DCI 2_3.
Proposal 1:
· The indication of available slot via DCI for aperiodic SRS is also applicable to DCI format 2_3.
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 1 illustrates example of the simultaneous aperiodic SRS transmission in two CCs.


[bookmark: _Ref78903614]Figure 1 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 2 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 2 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]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, 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 Re-purposing un-used bits in DCI 0_1/0_2 without PUSCH and CSI Request
2.3.1 Non-aligned bandwidth for DL/UL BWP
In TDD system, the bandwidth for DL BWP and UL BWP may be different. For SRS with antenna switching, in order to determine the DL precoder, it’s better to transmit SRS over the DL BWP so that the sounding result is aligned with DL BWP bandwidth. Thus, some un-used field in DCI 0_1/0_2 could be re-purposed to indicate whether DL/UL BWP is applied for SRS transmission.
Proposal 8:
· Some un-used bit in DCI 0_1/0_2 without scheduling PUSCH and without CSI Request could be repurposed to indicate whether DL BWP or UL BWP is applied for SRS transmission.
2.3.2 Increasing the number of trigger states
Currently only three DCI codepoints are used for aperiodic SRS triggering state. However, Rel-17 may need to support larger number of aperiodic SRS resource sets configured for the UE. For example, for 1T8R antenna switching, there might be 4 aperiodic SRS resource sets, for multi-TRP there might be two aperiodic SRS resource sets for codebook/non-codebook and the UE can also be configured with aperiodic SRS resource sets for beam management. In this case to accommodate the constraint of three aperiodic SRS trigger states, multiple SRS resource sets with different usages should be configured with the same trigger state, which is not desirable.
To increase the flexibility, some un-used fields for DCI 0_1/0_2 without data could be re-purposed to extend the number of DCI codepoints for trigger states.
Proposal 9:
· The number of SRS trigger states should be increased in Rel-17 by some un-used bits in DCI 0_1/0_2 without scheduling PUSCH and without CSI Request.
2.3.3 Indication of time domain parameters
In the discussion in previous meetings, for re-purposing un-used bits in DCI 0_1/0_2 without scheduling PUSCH and without CSI request, CAT-A is to indicate the time domain parameters for the triggered SRS transmission, for example, the available slot value.
Since it was agreed that a new field will be added to DCI to indicate the value of available slot, it’s not necessary to introduce additional feature for the same purpose.
Proposal 10:
· For repurposing un-used bits in DCI 0_1/0_2 without scheduling PUSCH and without CSI Request, do not support CAT-A (Time-domain parameters).
2.4 Antenna switching for up to 8 antennas
2.4.1 SRS configuration
It was agreed that 4T6R will be supported in Rel-17, and in previous meeting, the SRS resource configuration for 4T6R was discussed. Two configuration alternatives were identified for support of 4T6R. Alt 1 is supported by using two SRS resources, one SRS resource with 4-port and the other one with 2-port. In Alt 2 three SRS resources are used with all the resources set to 2-port.
Regarding Alt 1, one concern raised in RAN1#106b-e is power imbalance. However, for the maximum output power, the imbalance also exists for Alt 2 for UE with PA [23 23 23 17] dBm. The maximum output power for the three 2-port SRS resources would be 23, 20, 23 dBm respectively (assuming 1st SRS connects to 1st and 2nd PA, 2nd SRS connects to 3rd and 4th PA, 3rd SRS connects to 1st and 2nd PA).
As for the actual Tx power after power control, the Tx power could be different for different SRS resource according to current spec.
Therefore, Alt-1 is preferred for 4T6R SRS configuration. Correspondingly, up to two aperiodic SRS resource sets could be supported.
Proposal 11:
· For 4T6R antenna switching, support the following configuration for aperiodic SRS:
· 2 SRS resources in total, one is 4 port and the other one is 2 port
· up to 2 aperiodic SRS resource sets
In the scenario of multi-TRP, different beams will be used toward different TRP. The power control parameter setting could be different with different TRP too. In Rel-16 spec, the power control parameters are configured at SRS resource set level by RRC. The spatial relation and the pathloss reference signal for SRS is RRC configured and could be updated via MAC-CE.
If the same SRS resource set(s) are used among TRPs, reconfiguration of the SRS resource sets to update the spatial relation and power control parameters is required prior to transmission to different TRP, which results in a lot of signaling overhead. In order to reduce signaling overhead, more SRS resource sets could be configured in the scenario of multi-TRP operation. Figure 3 illustrates the issue in more details.


[bookmark: _Ref68346031]Figure 3 Reconfiguration required if the same SRS resource sets are used among TRPs for antenna switching
Therefore, in order to reduce the signaling overhead, it’s better to configure more SRS resource sets for antenna switching in the scenario of multi-TRP, including aperiodic, semi-persistent and periodic SRS.
For example, if the number of aperiodic SRS resource set for xTyR in single TRP is K, then the number of aperiodic SRS resource sets for xTyR in multi-TRP should 2*K.
For periodic SRS for antenna switching, two periodic SRS resource sets could be configured in multi-TRP scenario.
Proposal 12:
· Support two periodic SRS resource sets for antenna switching in multi-TRP scenario to reduce the signaling overhead for SRS reconfiguration.
Proposal 13:
· For SRS with antenna switching for xTyR, if the number of aperiodic SRS resource sets in single TRP is K, then number of aperiodic SRS resource sets for xTyR in multi-TRP should be 2*K.
2.4.2 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. So, the guard period for antenna switching should be always on, i.e., the same as Rel-15.
Proposal 14:
· For antenna switching, the guard symbols should be always on, which is same as Rel-15.
2.5 SRS capacity/coverage enhancement
2.5.1 SRS partial sounding
2.5.1.1 Applicable case
For SRS partial sounding, some REs allocated for SRS are not used for transmission. In this case power boosting could be used on the transmitted SRS signals to improve the performance. One of the remaining issues of supporting SRS with partial sounding is whether it is supported with frequency hopping.


[bookmark: _Ref68359615]Figure 4 SRS partial sounding
As shown in Figure 4, if SRS partial sounding is applied to SRS without frequency hopping, the SRS transmission pattern could be the same as conventional SRS frequency hopping. However, the benefits of using SRS partial sounding without frequency hopping is not clear.
Proposal 15:
· The SRS partial sounding is applicable only for SRS with frequency hopping case.
2.5.1.2 Sequence length
For SRS partial sounding, one issue is on the sequence length. There are different alternatives as below:
· Alt 1: [image: ] is an integer value
· Alt 2: [image: ] is an integer value with minimum value 4
· Alt 3: [image: ] is a multiple of 4
· Alt 4: Round  to a multiple of 4 in case of Alt 1 or Alt 2
In previous meeting, there was agreement that for SRS partial sounding, no new sequence length should be introduced. Therefore, Alt-3 is preferred since other alternatives may introduce new sequence length.
Proposal 16:
· For SRS partial sounding, the number of RBs after scaled by partial sounding factor should be a multiple of 4 to ensure no new SRS sequence.
Regarding the partial sounding factor, we don’t see the necessity to support additional value other than {2,4}.
Proposal 17:
· For SRS partial sounding factor, do not support additional values other than {2, 4}.
2.5.1.3 Starting RB hopping
In previous meeting, it was agreed that the starting RB location hopping can be applied for periodic/semi-persistent SRS transmission. One FFS point is whether the starting RB location hopping could be applied for aperiodic SRS. In our view, since aperiodic is just single shot transmission, the benefit is not obvious to apply the starting RB hopping.
Proposal 18:
· For SRS partial sounding, the starting RB location hopping is not applied for aperiodic SRS.
3. Conclusion
In conclusion, we have the following proposals to discuss SRS enhancements in Rel-17.
Proposal 1:
· The indication of available slot via DCI for aperiodic SRS is also applicable to DCI format 2_3.
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:
· Some un-used bit in DCI 0_1/0_2 without scheduling PUSCH and without CSI Request could be repurposed to indicate whether DL BWP or UL BWP is applied for SRS transmission.
Proposal 9:
· The number of SRS trigger states should be increased in Rel-17 by some un-used bits in DCI 0_1/0_2 without scheduling PUSCH and without CSI Request.
Proposal 10:
· For repurposing un-used bits in DCI 0_1/0_2 without scheduling PUSCH and without CSI Request, do not support CAT-A (Time-domain parameters).
Proposal 11:
· For 4T6R antenna switching, support the following configuration for aperiodic SRS:
· 2 SRS resources in total, one is 4 port and the other one is 2 port
· up to 2 aperiodic SRS resource sets
Proposal 12:
· Support two periodic SRS resource sets for antenna switching in multi-TRP scenario to reduce the signaling overhead for SRS reconfiguration.
Proposal 13:
· For SRS with antenna switching for xTyR, if the number of aperiodic SRS resource sets in single TRP is K, then number of aperiodic SRS resource sets for xTyR in multi-TRP should be 2*K.
Proposal 14:
· For antenna switching, the guard symbols should be always on, which is same as Rel-15.
Proposal 15:
· The SRS partial sounding is applicable only for SRS with frequency hopping case.
Proposal 16:
· For SRS partial sounding, the number of RBs after scaled by partial sounding factor should be a multiple of 4 to ensure no new SRS sequence.
Proposal 17:
· For SRS partial sounding factor, do not support additional values other than {2, 4}.
Proposal 18:
· For SRS partial sounding, the starting RB location hopping is not applied for aperiodic SRS.
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