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Introduction
[bookmark: _Hlk54209646]Rel-17 RAN1 work-item on further enhanced MIMO (FeMIMO) [1] has scoped the following on SRS enhancement for both FR1 and FR2.  
	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 this contribution, we continue the discussion of the remaining issues related to A-SRS triggering, SRS antenna switching and SRS coverage and capacity enhancement. 
Aperiodic SRS Triggering
Remaining issue on flexible triggering
The framework of enhanced SRS triggering based on available SRS indication is almost complete. Couple of remaining issues related the granularity of configuration and indication of ‘t’ values across BWP, CC and all CCs and the other issue is related to collision handling of multiple sets overlapping in OFDM symbol(s).
Bit width of Slot-offset indication
In the previous RAN1 meetings, it was agreed that the bit-width of SOI is computed by the UE based on the maximum number of t values for the configured SRS resource sets. There is one remaining issue whether this bit width is the same across BWPs of same CCs or same across CCs. 
	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




The frequency granularity for determining the bit-width whether per BWP, across BWPs or across CCs will have two effects on DCI overhead (0, 1 or 2bits) across BWPs/CCs and the switching between release-15 and release 17 triggering mechanism. 
Computing the SOI bit-width across all CCs is simpler, however, this implicitly means that UE needs to support this feature for all bands which very restricting. In addition, it will incur some DCI overhead for a CC where all SRS sets are not configured with ‘t’ values of available slot. On the other extreme, computing the SOI bit-widths per-BWP may results into triggering mechanism change across BWPs when all sets within one BWP are not configured with ‘available slot’. In our views, A-SRS triggering based on available slot shouldn’t change with BWP switching within the component carrier. A good compromise is to determine the SOI bit-width across all sets within a component carrier.
Observation 1: SOI bit-width determination based on SRS sets across all CCs will result into DCI overhead when all SRS sets within one CC are not configured with ‘availbleSlot’. In addition, it limits the UE to support this feature across all bands.

Observation 2: SOI bit-width determination based on SRS sets within BWP may results into A-SRS triggering mechanism across BWPs when all SRS sets within one BWP are not configured with ‘available slot’

Proposal 1: Bit width of SOI is determined based on the maximum number of “t” values configured for any of the aperiodic SRS resource sets across all BWPs within one CC.

[bookmark: _Ref47377245]Collision handling between multiple SRS resource Sets Triggering
A single DCI may trigger multiple SRS resource sets, and in some scenario, the triggered SRS resource sets may have overlapping symbol(s). Depending on how available slot is determined for each set, in some scenario a collision of the triggered SRS resource sets my happen. To further illustrate, we consider an example where a DCI triggers two SRS resource sets and indicate t=0 for the first SRS resource set and t=1 for the second SRS resource set. Assuming the slot offset is configured to be the same (slot offset = 1) for both sets, then both sets will collide in the U slot which is the available slot for each set when determined independently.


Figure 2‑1: Collision between triggered SRS resource sets
Such collision can be avoided with a sequential approach for determining the available slot for each set. This mechanism is illustrated in Figure 2‑2 where the available slot is determined for the SRS resource set #1 first and then the U slot is considered as non-available for SRS set #1.  However, this requires redefinition of the available slot and may complicate UE processing.  

[bookmark: _Ref68038128]
Figure 2‑2: sequential determination of available slot per each triggered SRS resource set

Observation 3: For multiple triggered SRS resource sets with overlapping symbol(s), there are two options to handle this scenario:
· Option 1: The available slot is determined independently for the triggered sets and a dropping rule is introduced when a collision happens.
· Option 2: The available slot is determined sequentially for the triggered SRS resource sets. 

Proposal 2: Support Option 1 to introduce dropping rule when collision happen between A-SRS resource sets. 
· Dropping rule is based on usage of the colliding A-SRS sets.
Enhanced A-SRS trigging by non-scheduling DCI
In the RAN1 103e meeting, it was agreed to support a non-scheduling UL DCI format 0_1 and 0_2 to trigger aperiodic SRS without data and without CSI request. And in RAN1 meeting #104e, it was agreed to further study how to achieve further enhancement to aperiodic SRS triggering by repurposing some of the unused bitfields to enable some SRS related functionality. In the previous RAN1meeting, the discussion continued however, there was no consensus on which category to be supported. Given the diverge views and this is the last RAN1 meeting in release 17, we suggest stopping the discussion on that aspect. 
Proposal 3: The discussion on repurposing the of DCI field(s) for SRS parameter indication in Rel-17 is deprioritized. 
A-SRS triggering xCC using scheduling DCI
To reduce the DCI overhead for UL-CA, a single DCI can be used to trigger multiple aperiodic SRS resource sets jointly on different UL carrier which have PUSCH/PUCCH configured. An example is shown in Figure 2‑3 where the UE receives a single DCI on one of the component carriers that triggers SRS transmission on CC1 + CC2 + CC4 where all the component carriers are configured for UL CA and there is no need for carrier switching. The component carrier configuration can be intra-band CA as CC1 and CC2 or inter-band CA as CC4 and CC1 or CC2 and could correspond to FR1 and/or FR2. Each of the triggered SRS resource sets have their own configured slot offset and could be transmitted on the same OFDM symbols or not.


[bookmark: _Ref54371521][bookmark: _Ref47375346][bookmark: _Hlk54371465]Figure 2‑3 Aperiodic SRS triggering for cross component carriers
The A-SRS transmission of the above UL CA can be enabled without extra DCI overhead. For example, when the UE receives an SRS request filed in the DCI from a CC1 with codepoint value for example ‘01’, then the UE is expected to transmit all SRS resource sets in the respective active BWP of all CCs that are associated with codepoint ‘01’ in each of the perspective CCs. To simplify the procedure on which CC where DCI can be received and trigger SRS transmission across the other component carriers, a new RRC parameter ‘CC index field’ could be added at the AP-SRS resource set level that indicates the CC index from which a DCI can be received that would trigger this specific AP-SRS resource set. This fields may have multiple CC indices. 
Proposal 4: Support single scheduling DCI to trigger simultaneous A-SRS transmission across multiple component carriers. 
· RAN1 further discussion on the specific configuration of the RRC configuration and triggering mechanism. 

Group common DCI 
NR Rel-15 introduced group common DCI format 2_3 for SRS carrier switching. It is used to trigger aperiodic SRS resource set(s) with ‘antenna switching’ usage for UL carriers without PUSCH / PUCCH configured. The group common DCI format 2_3 is used to enable group of UEs for transmitting SRS signals. The DCI contents provide the TPC command for SRS transmission along with an optional SRS request. However, it is limited to the transmission of SRS resource sets with ‘antenna switching’ usage only. And it is only used for carrier switching where UE switches from the serving cell to another cell without PUSCH/PUCCH configured or another UL on which SRS power control is noted tied with PUSCH power control. 
Observation 4: The group common DCI format 2_3 has some limitation where it triggers only SRS transmission for ‘antenna Switching’ use cases and is limited to UL carrier switching.
To enable aperiodic-SRS triggering across multiple UEs and across multiple serving cells per each UE, multiple PDCCHs need to be scheduled by the network which incurs large DCI overhead. Two alternatives have been proposed to either enhance UE-specific DCI or group-common. The first alternative may enable a single DCI to trigger A-SRS across multiple serving cells as discussed in section Error! Reference source not found.. The second alternative may enable SRS triggering across multiple UE. 
To enable more flexible design and reduce the DCI overhead, the current DCI format 2_3 can be enhanced, or a new DCI format can be introduced to mitigate the limitation of the current SRS carrier switching mechanism. In our views, the SRS triggering should be flexible and should enable the SRS transmission for all SRS usages and should not be limited to antenna switching usage. Also, the framework should enable multiple CCs SRS triggering and simultaneous transmission without the need of carrier switching. An example of the DCI contents with multiple blocks is shown in Figure 2‑4 where the block may indicate to the UE which CC the group and corresponding trigger codepoint and the TPC command.


[bookmark: _Ref54371685][bookmark: _Ref47600359]Figure 2‑4: Example of group common DCI for multiple UEs and xCC SRS triggering
Proposal 5: Support the enhancement of DCI formant 2_3 to enable multiple UE SRS transmission across multiple serving cells per UE. 

SRS antenna switching for 6 and 8 Rx
[bookmark: _Ref61871724]Guard period between two SRS sets
Rel-15 specification introduced guard symbol(s) band between SRS resources. The minimum guard period between two SRS resources of an SRS resource set for antenna switching is listed in Table 6.2.1.2-1 which depends on the SCS [38.214-clause 6.2.1.2]. 
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
[image: ]
Now, for case of SRS antenna switching xTyR with multiple SRS resource sets, two sets could be configured on consecutive slot. In the last RAN1 meeting #106b-e, it was agreed that guard period exits between two SRS sets across two consecutive slots where the guard period Y is similar to release 15 inter SRS resource guard period. 
	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
· 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




There was couple of remaining discussion points. The first one is on the support of zero or configurable guard period based on UE capability. In our views, the minimum guard period should be always configured across SRS resources and SRS sets to enable UE timeline to switch between the antennas.
Proposal 6: On the presence of guard symbols in Rel-17 for SRS antenna switching across SRS resources and SRS sets, support Alt1-0 where guard symbols are always-on similar to Rel-15.

For the length of the guard period interval between SRS sets, we believe that gNB by proper scheduling and configuration of the SRS sets should create the minimal required guard period. Having a large interval is a gNB miss-configuration and shouldn’t be discussed.
Observation 5: The length of the guard period between two SRS sets in two consecutive slots should be handled by gNB proper scheduling and configuration of the SRS sets to create the minimal required guard period. 
UE reporting of power offset
For 6Rx and 8Rx UE, to improve DL CSI acquisition, the UE needs to sound all receive antenna ports. This comes at the cost of extra RF switching circuitry that introduces some insertion loss. For some UE implementation, the insertion loss may be large which causes big mismatch between the actual DL channel and the one estimated by the gNB from UL sounding. This results into different Tx power between antenna ports or equivalent power offset between antenna ports. 
Considering the 4Rx UE architecture as a baseline and scaling the number of Rx antennas to 8Rx while still have single Tx chain, an extra RF switching circuitry is needed to route the Tx path to the extra Rx antennas. An example of such architecture is shown in the Figure 3‑1 below. It is important to note that there is no extra insertion loss for the original 4Rx antenna while there will be X1 to X2 dB power offset for the added antennas. 


[bookmark: _Ref68610761]Figure 3‑1 Example of 8Rx UE RF architecture with single Tx chain
To overcome this mismatch, the UE can report to the network the power offset between the antenna ports which can help the network to compensate the UL/DL channel mismatch. We did a link-level evaluation for 8Rx UE with 1T8R SRS antenna switching using CDL-C 300ns, 3km/hr and 20MHz DL/UL BW. The results are shown in Figure X in which we compare three different schemes: legacy 4Rx with 1T4R, 8Rx UE with 1T4R and 8Rx with 1T8R for both scenarios of power offset compensation enabled and disabled at the gNB. The power offset across the extra four antenna ports is assumed to be [ 1 1 2 2] dB. For the case of 1T8R with gNB reporting of power offset, the throughput performance is close to the ideal scenario of no power offset across the antenna ports.
[image: ]
Figure 3‑2: Power offset reporting and compensation
Observation 6: UE reporting of power offset can help the gNB to compensate of the power offset between the UL and DL channels and improve the DL throughput.
Proposal 7: Support UE capability reporting of power offset across antenna ports for SRS DL CSI acquisitions. 
Maximum number of DL MIMO layers for 6Rx and 8Rx
In current NR specification, the UE reports the maximum number of supported DL MIMO layers through the capability parameter ‘maxNumberMIMO-LayersPDSCH’ as part of downlink feature set per CC (FSPC) [38.306]. The values that are allowed for the UE to report is either two, four or eight layers as indicated by the ‘MIMO-LayersDL’ in 38.33. It is now allowed for 6Rx or 8Rx UE to report a value of sixLayers. 
Observation 7: A 6Rx or 8Rx UE cannot report a capability of six DL MMO layers as maximum number of DL MIMO layers.
A 6Rx UE should be able to report capability of two, four or six layers depending on the band as some NR bands (e.g n7, n38, n41, n77, n78, n79) requires a minimum of four receive antenna ports and mandatory four DL MIMO layers. Similarly, eight Rx UE should be able to report capability of two, four, six or eight layers. 
Proposal 8: A 6Rx can report a capability of two, four or six layers of maximum number of DL MMO layers. And 8Rx UE can report a capability of two, four, six or eight layers of maximum number of DL MMO layer.
4T6R SRS antenna switching
In the RAN1 meeting #106bis-e, the SRS configuration for 4T6R was discussed and two alternatives for down-selection were listed. The first alternative, two SRS resources are configured where the first resource is configured with 4 ports and 2nd SRS resource is configured with the remaining two ports.  In the second alternative which is based on 2T6R scheme with two sub-alternatives on the existence of the guard symbol between the two SRS resources.
	Agreement
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 SCS.
· 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, 



 
For Alt 2, the discussion on the removal of the guard symbols is not a RAN1 discussion topic as RAN1 is not the proper expertise to handle this topic, it a rather a RAN4 decision. 
Observation 8: The discussion on the existence or not of the guard symbol(s) for the two sub-alternatives of 2+2+2 should be handled by RAN4 as RAN1 is not the proper expertise to make a decision. 
Alt 2-1 requires larger number of symbols compared to Alt -1 while Alt 2-2 is a paper design that can’t damage the UE RFFE. Based on that, we support Alt-1 and are okay to additionally support Alt 2 if guard symbol exits between all SRS resources. 
Proposal 9: For 4T6R SRS antenna switching, support the following configurations:
· K=2 SRS resources, the first resource is configured with 4 ports and second resource with 2 SRS ports.
· K=3 SRS resources, each SRS resource is configured with 2 ports and Y guard symbol(s) exist between the SRS resources.

[bookmark: _Ref47596601]Flexible reconfiguration of SRS resource set
To support SRS antenna switching with large number of receive antennas, the SRS resource set may be configured with multiple SRS resources. For example, 1T6R can be configured with one SRS resource set that contains 6 SRS resources each with one SRS port. In some scenarios, the network may not need the UE to sound all the 6 SRS resources and the RRC reconfiguration can be time consuming plus the signalling overhead. A flexible and faster method through MAC-CE may be beneficial for the reconfiguration of SRS antenna switching. The MAC-CE can indicate which SRS resources within the set is activated or deactivated. This can be used a tool to enable UE fallback to lower SRS switching configuration, e.g. from 1T86 to 1T4R. In Rel-16, UE can report combo SRS switching capability and gNB can configure different switching capability per each BWP. So, the current mechanism to change or fallback of SRS antenna switching requires BWP switching. The proposed MAC-CE can adapt the SRS configuration without the need of BWP switching. 
Proposal 10: To enable flexible reconfiguration of the number of active resources within SRS resource set, MAC-CE command can be used to activate/deactivate the individual resources with the aperiodic SRS set. 




Figure 3‑3: Antenna switching re-configuration via MAC-CE.

SRS coverage and capacity enhancement
Partial frequency sounding
RB restriction
	Agreement
· For RPFS in Rel-17, support PF = {2, 4}.  
· FFS  3, 8, 12, 16 or fractional numbers 
· Support at least one of the following alternatives (to be decided in RAN1#105-e)
· Alt 1:  is an integer value
· Alt 2:  is an integer value with minimum value 4
· Alt 3:  is a multiple of 4
· Alt 4: Round  to a multiple of 4 in case of Alt 1 or Alt 2



PF values = {2, 4} was agreed. Regarding the restriction on the number of RBs with PFS, several alternatives were listed for down selection. In our views, to enable SRS multiplying with legacy UEs which only support RB allocation as integer multiple of 4, the PFS RB allocation should be multiple of 4 as well. Also, keeping such configuration will not impose any change to UE behavior or implementation (e.g., MPR, sequence generation) as compared to legacy behavior. 
Observation 9: For partial frequency sounding scheme, it is preferred to  a multiple of 4 RBs to enable multiplexing with Rel-15/16 UEs and ensure legacy UE behavior.
Proposal 11: Support Alt 3  is a multiple of 4 and Alt 4 Round  to a multiple of 4 RBs 
Another aspect is whether partial frequency is applicable only to frequency hopping scenario only or it can support the scenario of non-frequency hopping. In our views, we believe partial frequency sounding should be supported at only for frequency hopping scenario. The benefits are not clear for non-frequency hopping. In addition, current 3GPP mechanism can support flexible configuration of RB start and number of RBs. 
Proposal 12: Support partial frequency sounding only when frequency hopping is configured.  
Subhop location and pattern for partial frequency sounding
In the previous RAN1 meetings, it was agreed to support start RB hopping for at least periodic and semi-persistent SRS. The hopping pattern is controlled by a new parameter and the hopping mechanism is either be enabled or disabled by RRC signalling. The hopping pattern was chosen be {0,1} for PF = 2 and {0,2,1,3} for PF =4.
	Agreement
For the detailed pattern of khopping when start RB location hopping across legacy FH periods is enabled, support the following
· For PF = 2, khopping = {0, 1}
· For PF = 4, khopping = {0, 2, 1, 3}
· Note:  means   for the (n+1)-th legacy FH period, where n = {0, 1, 2, 3, …}

Agreement
Support start RB location (Noffset) hopping in different SRS frequency hopping periods for RPFS and at least periodic/semi-persistent SRS, where Noffset is the start RB index of the  RBs in the  RBs.
· For a given SRS transmission occasion,  , where  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  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




In addition, there was a discussion whether to further support MAC-CE or DCI signaling. In our views, there is not clear benefit to additionally support such signalling to update the partially frequency sounding and in addition, it increases the complexity on UE processing. 
Proposal 13:Do not support MAC-CE or DCI signalling to update the RRC signalling/configuration of the partial frequency sounding scheme. 
Comb-8
In the last RAN1 meeting #106bis-e, it was agreed to support maximum CS of 6 for comb-8 and further study whether it is possible to adopt maximum number of 12 CS. 
	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 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




From SRS capacity perspective, comb-8 should enhance SRS capacity multiplexing compared to Comb-4 which supports up to 48 ports. From SRS coverage perspective, comb-8 could provide 3dB power boost compared to comb-4 which improve SRS coverages [2].  One issue with maximum number of CS of 6 is that it requires to change the equation for SRS CS when number of antenna ports = 4 as the maximum number of CS of 6 is not integer multiple 4. 

Observation 10: Setting the maximum number of CS for Comb-8 to 6  for Comb-8 has similar SRS capacity gain as Comb-4.
· It requires spec change to adopt proper per-port CS calculation when total number of antenna ports is 4.
On the other hand, increasing the maximum number of CSs to >6 will improve SRS capacity beyond the one for comb 4, however, this depends on the delay spread of the multiplexed antenna ports. For example, setting  for comb-8 will result into 50% capacity gain, however, maximum resolvable delay spread should be less than 347 ns. However, it may require some special handling of CSs when the length of the SRS is less than 12. For example, when  for comb 8, the SRS sequence length is 6 which requires to restrict some of CSs (e.g., only even CSs are allowable). 
Observation 11: Setting the maximum number of CS for Comb-8 to 12  for Comb-8 has theoretically 50% SRS capacity gain as Comb-4.
· It requires to restrict some CSs when the length sequence is less than 12.
We did a link-level evaluation using CDL-C channel with two different delay spreads (CDL-C 100ns, 300ns) and different values of maximum number of CS = 6, 8 and 12. The results are shown in Figure 4‑1. For this study, the UE SRS ports were assigned consecutive CSs to stress the effect of port orthogonality with large channel delay spread. Similar performance is observed for  while  has some performance degradation which gets larger with CDL-C 300ns as compared to 100ns.
Based on the analysis, we believe that for comb-8, maximum CS should be set to 12. 
Proposal 14:  Support to improve SRS capacity gains
· it is up to gNB to proper configure the CSs (e.g., restrict some CSs configuration or use subset of CSs)

[image: ]
[bookmark: _Ref78897268]Figure 4‑1 Link level evaluation results for Comb-8

Conclusion 
In this contribution, we presented our views on the SRS enhancements techniques. Below is the summary of our conclusion:
Observation 1: SOI bit-width determination based on SRS sets across all CCs will result into DCI overhead when all SRS sets within one CC are not configured with ‘availbleSlot’. In addition, it limits the UE to support this feature across all bands.

Observation 2: SOI bit-width determination based on SRS sets within BWP may results into A-SRS triggering mechanism across BWPs when all SRS sets within one BWP are not configured with ‘available slot’

Observation 3: For multiple triggered SRS resource sets with overlapping symbol(s), there are two options to handle this scenario:
· Option 1: The available slot is determined independently for the triggered sets and a dropping rule is introduced when a collision happens.
· Option 2: The available slot is determined sequentially for the triggered SRS resource sets. 

Observation 4: The group common DCI format 2_3 has some limitation where it triggers only SRS transmission for ‘antenna Switching’ use cases and is limited to UL carrier switching.
Observation 5: The length of the guard period between two SRS sets in two consecutive slots should be handled by gNB proper scheduling and configuration of the SRS sets to create the minimal required guard period. 
Observation 6: UE reporting of power offset can help the gNB to compensate of the power offset between the UL and DL channels and improve the DL throughput.
Observation 7: A 6Rx or 8Rx UE cannot report a capability of six DL MMO layers as maximum number of DL MIMO layers

Observation 8: The discussion on the existence or not of the guard symbol(s) for the two sub-alternatives of 2+2+2 should be handled by RAN4 as RAN1 is not the proper expertise to make a decision. 
Observation 9: For partial frequency sounding scheme, it is preferred to  a multiple of 4 RBs to enable multiplexing with Rel-15/16 UEs and ensure legacy UE behavior.
Observation 10: Setting the maximum number of CS for Comb-8 to 6  for Comb-8 has similar SRS capacity gain as Comb-4.
· It requires spec change to adopt proper per-port CS calculation when total number of antenna ports is 4.
Observation 11: Setting the maximum number of CS for Comb-8 to 12  for Comb-8 has theoretically 50% SRS capacity gain as Comb-4.
· It requires to restrict some CSs when the length sequence is less than 12.

Below is the summary of our proposals:

Proposal 1: Bit width of SOI is determined based on the maximum number of “t” values configured for any of the aperiodic SRS resource sets across all BWPs within one CC.

Proposal 2: Support Option 1 to introduce dropping rule when collision happen between A-SRS resource sets. 
· Dropping rule is based on usage of the colliding A-SRS sets.
Proposal 3: The discussion on repurposing the of DCI field(s) for SRS parameter indication in Rel-17 is deprioritized. 

Proposal 4: Support single scheduling DCI to trigger simultaneous A-SRS transmission across multiple component carriers. 
· RAN1 further discussion on the specific configuration of the RRC configuration and triggering mechanism. 

Proposal 5: Support the enhancement of DCI formant 2_3 to enable multiple UE SRS transmission across multiple serving cells per UE. 

Proposal 6: On the presence of guard symbols in Rel-17 for SRS antenna switching across SRS resources and SRS sets, support Alt1-0 where guard symbols are always-on similar to Rel-15.

Proposal 7: Support UE capability reporting of power offset across antenna ports for SRS DL CSI acquisitions. 
Proposal 8: A 6Rx can report a capability of two, four or six layers of maximum number of DL MMO layers. And 8Rx UE can report a capability of two, four, six or eight layers of maximum number of DL MMO layer

Proposal 9: For 4T6R SRS antenna switching, support the following configurations:
· K=2 SRS resources, the first resource is configured with 4 ports and second resource with 2 SRS ports.
· K=3 SRS resources, each SRS resource is configured with 2 ports and Y guard symbol(s) exist between the SRS resources.

Proposal 10: To enable flexible reconfiguration of the number of active resources within SRS resource set, MAC-CE command can be used to activate/deactivate the individual resources with the aperiodic SRS set. 

Proposal 11: Support Alt 3  is a multiple of 4 and Alt 4 Round  to a multiple of 4 RBs 
Proposal 12: Support partial frequency sounding only when frequency hopping is configured.  
Proposal 13:Do not support MAC-CE or DCI signalling to update the RRC signalling/configuration of the partial frequency sounding scheme. 
Proposal 14:  Support to improve SRS capacity gains
· it is up to gNB to proper configure the CSs (e.g., restrict some CSs configuration or use subset of CSs)
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