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1. Introduction
In RAN1 #106-e meeting, the following agreements on SRS enhancement were reached.
	Agreement
Confirm the following WA:
For DCI indication of “t” in Rel-17 SRS triggering offset enhancement
· For both DCI that schedules a PDSCH/PUSCH and DCI 0_1/0_2 without data and without CSI request
· t is indicated by adding a new configurable DCI field (up to 2 bits)
· Applies only when there are multiple candidate values of t configured
· No further enhancement to indicate “t” for DCI 0_1/0_2 without data and without CSI request at least when the new DCI field is configured
Agreement
Support start RB location (Noffset) hopping in different SRS frequency hopping periods for RPFS and at least periodic/semi-persistent SRS, where  is the start RB index of the  RBs in the  RBs.
· For a given SRS transmission occasion,  , where khopping is same for all SRS occasions within a legacy FH period but changes across legacy FH periods, kF and PF are at least configured by RRC signaling (kF = {0, 1, …, PF-1}).
· Support at least one pattern for khopping in time domain, FFS detailed pattern
· Note: the legacy FH period is the period to sound the full SRS hopping bandwidth across the different subbands of  RBs each. 
· This start RB location hopping is enabled or disabled by RRC signaling.
· FFS whether MAC CE or DCI can be additionally used
· When this start RB location hopping is disabled,is fixed to be 0 for all SRS symbols
· This start RB location hopping is UE optional.
· FFS whether start RB location hopping is also applicable on SRS occasion(s) within one FH period (e.g., when R>1) and/or on aperiodic SRS, if so, how
Agreement
For aperiodic xTyR antenna switching SRS, where xTyR is from {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}, support all the non-zero integer values N<=N_max except N=1 for 1T8R 
· For each xTyR configuration, UE does not expect multiple SRS resource sets are configured or triggered in one slot
· UE does not expect that the OFDM symbols contained in one SRS resource set exceed UE capability on which OFDM symbols can be used for SRS taking guard period into account
Agreement
Support Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
· If DCI is transmitted in slot n, and k is the legacy triggering offset, reference slot is slot n+k.
· Note: the legacy triggering offset can be 0, if slotOffset is absent.
Conclusion
MAC CE for t value update in Rel-17 is not supported.
Agreement
For antenna switching SRS, support maximum one SRS resource set for periodic SRS and maximum 2 SRS resource sets for semi-persistent SRS.
· Note: the two SP-SRS resource sets are not activated at the same time
· For xTyR where y>4, if UE does NOT support this feature, support maximum one SRS resource set for periodic SRS and maximum one SRS resource set for semi-persistent SRS
· Applies for all supported xTyR where y<=8
· For each xTyR antenna switching (except for 4T6R if supported), each periodic or semi-persistent resource set contains y/x resources.
This feature is UE optional: For UEs that do not support this feature, follow Rel-15 on the number of resource sets for periodic and semi-persistent SRS
Agreement
Support 4T6R SRS antenna switching in Rel-17.
Agreement
For RPFS SRS sequence generation, support 
· Alt 1: Generate length- ZC sequence.
Agreement
For SRS increased repetitions in Rel-17, support the following configurations, and no other values are supported.
· (N_symbol, R) = {(8, 1), (8, 2), (8, 4), (8, 8), (12, 1), (12, 2), (12, 3), (12, 4), (12, 6), (12, 12), (10, 1), (10, 2), (10, 5), (10,10), (14, 1), (14, 2), (14, 7), (14, 14)}
· Note: N_symbol SRS symbols are adjacent in a slot.
Agreement
· On the presence of guard symbols in Rel-17 for SRS antenna switching, down-select one of the following 
· Alt 1-0: Guard symbols are always-on, which is same as Rel-15
· Alt 1-1: Guard symbols are configurable subject to UE capability
· On whether to introduce guard symbols between SRS resource sets for antenna switching, down-select one of the following
· Alt 2-0: Do not introduce guard symbols between SRS resource sets, i.e., guard symbols only appears between SRS resources in a resource set
· Alt 2-1: Introduce guard symbols between two sets mapped to consecutive slots
· Note: Rel-15 guard period symbols are supported if none of the above enhancements is agreed
Agreement
For Comb-8 SRS in Rel-17, down-select one of the following in RAN1#106bis-e
· Alt 1: The maximum number of CSs for Comb-8 is 6
· Alt 2: The maximum number of CSs for Comb-8 is 12, and introduce a rule to restrict applicable CSs when SRS sequence is shorter than the maximum number of CSs


In this contribution, we provide our views on the 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. Figure 1 illustrates an example of the collision among multiple aperiodic SRS.


[bookmark: _Ref78903614]Figure 1 Collision among multiple aperiodic SRS over different CCs
If the transmission over multiple CCs exceeds the UE’s capability, then there is collision. In legacy spec, there is collision handling among aperiodic SRS and other uplink signals, such as PUCCH/PUSCH, etc. In order to address the collision among aperiodic SRS, there should be some rules to handle the collision among aperiodic SRS resource sets over different CC.
One method is to prioritize the SRS based on different usage. For example, the SRS for antenna switching should be prioritized 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 to prioritize the SRS transmission.
Proposal 2:
· Support to introduce dropping rule among aperiodic SRS in carrier aggregation across different CCs.
2.1.3 Flexible antenna switching
The SRS could be configured with usage of antenna switching to obtain the downlink precoder. Multiple aperiodic SRS resource sets could be configured for antenna switching. In Rel-17, the antenna switching is extended to 8 Rx and more aperiodic SRS resource sets are required.
Meanwhile, the UE should be able to perform the downgrade antenna switching operation. For example, the UE capable of 1T8R can also perform 1T4R operation. In this case, for flexible triggering, the aperiodic SRS resource set could be configured with multiple trigger states. For example, for 1T8R, the UE is configured with two aperiodic SRS resource sets, set #A and set #B, wherein each set consists of four aperiodic SRS resources. And SRS resource set #A is configured with two trigger states, #1 and #2; SRS resource set #B is configured with one trigger state, #1. In this way, when DCI indicates trigger state #1, both SRS resource set #A and #B will be triggered for transmission, i.e., 1T8R is performed. When DCI indicates trigger state #2, only SRS resource set #A is triggered for transmission, i.e., 1T4R is performed. Figure 2 shows an example of the operation.


[bookmark: _Ref78903003]Figure 2 Triggering subset of aperiodic SRS via DCI
Proposal 3:
· Support to trigger subset of aperiodic SRS resource sets for antenna switching via DCI for more flexibility.
Another alternative for flexible antenna switching is to use MAC-CE to disable some SRS resources within one SRS resource set. However, if it is applied for aperiodic SRS, it means additional MAC-CE signaling is required compared with the DCI based solution, which is not desirable.
Proposal 4:
· Do not support MAC-CE based flexible antenna switching for aperiodic SRS.
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.
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…
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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
…
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…
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
In previous meeting, it was agreed that 4T6R will be supported in Rel-17. Subsequently, the SRS configuration should be discussed.
For aperiodic SRS, we think up to two SRS resource sets could be supported, i.e., Nmax=2. Since it’s 4T6R, totally two SRS resources are needed, one is 4-port and the other one is 2-port.
Proposal 11:
· For 4T6R antenna switching, support the following configuration for aperiodic SRS:
· up to 2 aperiodic SRS resource sets
· 2 SRS resources in total, one is 4 port and the other one is 2 port
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.
One remaining issue from last meeting is whether to increase the number of SRS resource sets for the legacy SRS antenna switching, e.g., 1T2R, 2T4R and 1T4R.
From our view, in TDD system, the available uplink symbols may be limited. Distributing SRS resources for antenna switching over larger number of slots is helpful for more flexibility.
Proposal 14:
· Support to increase the number of aperiodic SRS resource sets for 1T2R, 2T4R and 1T4R.
2.4.2 Guard period
In previous meeting, regarding guard period configuration for antenna switching, it was agreed to down select in future meeting from the following alternatives.
	Agreement
· On the presence of guard symbols in Rel-17 for SRS antenna switching, down-select one of the following 
· Alt 1-0: Guard symbols are always-on, which is same as Rel-15
· Alt 1-1: Guard symbols are configurable subject to UE capability
· On whether to introduce guard symbols between SRS resource sets for antenna switching, down-select one of the following
· Alt 2-0: Do not introduce guard symbols between SRS resource sets, i.e., guard symbols only appears between SRS resources in a resource set
· Alt 2-1: Introduce guard symbols between two sets mapped to consecutive slots
· Note: Rel-15 guard period symbols are supported if none of the above enhancements is agreed


In our view, the guard symbols should be always configured, i.e., same as Rel-15.
Regarding the guard symbol between two SRS resource sets, it could be up to gNB configuration. For example, the gNB will not configure the first OFDM symbol for SRS transmission.
Proposal 15:
· For antenna switching, the guard symbols should be always on, which is same as Rel-15.
Proposal 16:
· For antenna switching, it could be up to gNB configuration to guarantee the guard symbol between two SRS resource sets mapped to consecutive slots.
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 17:
· 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 18:
· 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 19:
· 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 20:
· For SRS partial sounding, the starting RB location hopping is not applied for aperiodic SRS.
2.5.2 Comb-8 SRS
Regarding Comb-8 SRS, one remaining issue is the maximum number of cyclic shifts, i.e., whether it is 6 or 12. Since in the Rel-16 spec, up to 6 cyclic shifts is supported for Comb-8 for positioning SRS, we think it is straight forward to support up to 6 cyclic shifts for Comb-8 in Rel-17.
Proposal 21:
· For Comb-8 SRS, support the maximum number of cyclic shifts is 6.
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 to introduce dropping rule among aperiodic SRS in carrier aggregation across different CCs.
Proposal 3:
· Support to trigger subset of aperiodic SRS resource sets for antenna switching via DCI for more flexibility.
Proposal 4:
· Do not support MAC-CE based flexible antenna switching for aperiodic SRS.
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:
· up to 2 aperiodic SRS resource sets
· 2 SRS resources in total, one is 4 port and the other one is 2 port
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:
· Support to increase the number of aperiodic SRS resource sets for 1T2R, 2T4R and 1T4R.
Proposal 15:
· For antenna switching, the guard symbols should be always on, which is same as Rel-15.
Proposal 16:
· For antenna switching, it could be up to gNB configuration to guarantee the guard symbol between two SRS resource sets mapped to consecutive slots.
Proposal 17:
· The SRS partial sounding is applicable only for SRS with frequency hopping case.
Proposal 18:
· 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 19:
· For SRS partial sounding factor, do not support additional values other than {2, 4}.
Proposal 20:
· For SRS partial sounding, the starting RB location hopping is not applied for aperiodic SRS.
Proposal 21:
· For Comb-8 SRS, support the maximum number of cyclic shifts is 6.
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