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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN Meeting #86, a new work item (WI) on Further enhancements on MIMO for NR (NR_FeMIMO, see RP-193133) was approved. Among the multiple objectives in the WI, the following is concerned with SRS enhancement:
3. 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 3GPP RAN1 Meeting #102-e, a set of agreements on SRS enhancements were achieved. In this contribution, further discussions on SRS enhancements are provided.

Flexible A-SRS triggering
A-SRS triggering offset enhancements 
3GPP RAN1 Meeting #102-e had the following agreement:
Agreement
Enhance the determination of aperiodic SRS triggering offset, with at least one of the following alternatives
· Alt 1: Delay the SRS transmission to an available slot later than the triggering offset defined in current specification, including possible re-definition of the triggering offset
· Alt 2: Indicate triggering offset in DCI explicitly or implicitly
· Alt 3: Update triggering offset in MAC CE
· Further consideration aspects may include the cost v.s. the total combinations PDCCH and SRS locations for gNB to choose, DCI overhead, multi-UE SRS multiplexing, CA aspect, whether to have multiple opportunities to transmit SRS, etc.

Before analysing the above alternatives, it is necessary to first clarify the time-domain resources that can be used by A-SRS, based on which the trigger offset design and indication can then be discussed.
[bookmark: _Hlk51926533]A-SRS time-domain resources and triggering offset
The time-domain resources that can be used by A-SRS with flexible triggering need to be defined to avoid potential ambiguity. For example, Alt 1 delays the A-SRS transmission to a next “available” slot, but if the network and UE interpret the “available” slot differently, errors can occur. Possible A-SRS time-domain resources may comprise the time-domain resources on which SRS transmissions are not precluded, such as all the slots and OFDM symbols not configured as DL by RRC configuration. In other words, possible A-SRS time-domain resources may be the set of potential A-SRS transmission opportunities in time domain. For instance, all the slots and OFDM symbols that are for UL or flexible according to TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated may be considered as possible A-SRS time-domain resources. For another instance, all the slots and OFDM symbols, regardless of whether they are configured as DL, UL, or flexible, may be considered as possible A-SRS time-domain resources. Clearly, the former approach has the advantages such as reduced overhead for triggering offset indication (since the indication only needs to refer to a subset of the slots/symbols as opposed to all slots/symbols), but it has a major disadvantage that the determination of whether a slot/symbol is DL, UL, or flexible may be complicated and may also change over time, which may lead to confusion. On the other hand, the latter approach may require more bits to cover the same time duration, or same bits but covering shorter time duration, but it significantly simplifies the design. In case that a slot/symbol’s transmission direction is overwritten by a DCI, no ambiguity would arise from the latter approach. The latter approach provides the same A-SRS time-domain resources for FDD and TDD, which is advantageous for cases that both FDD and TDD are aggregated. The latter approach can also enable some unused DL slots/symbols to be potentially used for A-SRS with proper UL/DL switching gaps, which further improves the triggering flexibility of A-SRS. Therefore, we prefer to specify all slots/symbols as possible A-SRS time-domain resources.
When explicitly or implicitly indicating the time-domain resources allocated to a flexible A-SRS, the resource allocation granularity also needs to be defined. For example, the resource indication in the DCI could be slot-based, in which case the OFDM symbols to be used by the A-SRS are based on RRC configuration, i.e., the DCI can flexibly indicate in which slot the A-SRS is to be transmitted (such as 2 slots later than the current DCI slot) but does not provide symbol information (provided in RRC, for instance). For another example, the DCI indication could be mini-slot (non-slot) based, such as on the 5th mini-slot of the 2nd slot after the current DCI slot, or on the 10th mini-slot after the current DCI mini-slot. This may be especially useful for URLLC which already operates with mini slots. For yet another example, the DCI indication could be OFDM symbol based, such as on the 10th symbol of the 2nd slot after the current DCI slot, or on the 20th symbol after the current DCI symbol. Generally, finer granularity requires higher indication overhead, but offers more flexibility. 
Additionally, the reference time (starting point) of the triggering offset needs to be clarified. One way is to define the starting point as the current DCI slot/mini-slot/symbol; note that generally the reference time granularity should be consistent with the A-SRS time-domain resource allocation granularity. Other ways may also be considered, such as relative to the current DCI slot plus the slotoffset if already configured by RRC, or relative to the next flexible/UL slot/symbol.
Proposal 1: For flexible A-SRS time-domain resources and triggering offset:
· Clarify flexible A-SRS time-domain resources 
· Option A1: On all slots/OFDM symbols configured not for DL in TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated
· Option A2: On all slots/OFDM symbols
· Clarify flexible A-SRS time-domain resource allocation granularity
· Option B1: Based on slots
· Option B2: Based on slots and mini-slots
· Option B3: Based on slots and OFDM symbols 
· Clarify flexible A-SRS triggering offset reference point
· Option C1: The reference point is based on the current DCI’s slot/mini-slot/symbol
· Option C2: The reference point is based on the current DCI’s slot plus slotoffset if configured
· Option C3: The reference point is based on the next UL/flexible slot/symbol

A-SRS triggering offset indication
With the above clarified, we can move on to A-SRS triggering offset indication design. We discuss the alternatives in the agreement as follows:
· Alt 1: Delay the SRS transmission to an available slot later than the triggering offset defined in current specification, including possible re-definition of the triggering offset
There are at least several cases that delaying the SRS transmission to a next transmission opportunity would be useful. For example, when using the group-common (GC) DCI format 2_3 to trigger SRS for a group of UEs on one or more of their serving cells, all the SRS transmissions are to occur after their pre-configured offsets with respect to the same DCI triggering slot. This may impose significant restriction on network’s decision on which slot to send the GC DCI. For another example, SRS triggering by a DL DCI is likely to collide with the A/N associated with the DL DCI, and SRS triggering by a UL DCI is likely to collide with the PUSCH associated with the UL DCI, especially in TDD when the UL slots occur less often. In LTE Rel-14 SRS carrier-based switching, autonomous A-SRS retransmission is introduced so that a dropped A-SRS triggered by a DL DCI (i.e., colliding with A/N) would be autonomously retransmitted in the next configured SRS transmission occasion, and design along this line can provide more opportunities for the dropped A-SRS to be transmitted later. With the A-SRS time-domain resources and granularity clarified, the A-SRS in collision with another transmission may be autonomously delayed to the nth transmission opportunity, e.g., the nth slot/mini-slot/symbol within the A-SRS time-domain resources with n > 0, and if the resources on the nth transmission opportunity are not occupied by other transmission with equal or higher priority, the A-SRS may be transmitted there, but if the resources are occupied by other transmission with higher priority, the A-SRS shall not be transmitted there (which may be further delayed or dropped). Some rules may be specified to drop the A-SRS, such as a maximum time duration in terms of milliseconds or slots, a maximum number of delaying operations (i.e., trials), having to be before a certain slot (e.g., before the next slot, which is an intra-slot delay for low latency purpose), etc.
Closely related to this issue is the priority of flexible A-SRS. At least for some cases, the A-SRS may be treated with higher priority and should not be dropped in the first place. The higher priority may be explicitly assigned by the network with a priority flag, or implicitly assigned if the A-SRS is associated with a URLLC transmission or a specific data transmission (e.g., the A-SRS is for interference probing of a specific data transmission [1], as opposed to generic CSI acquisition purpose).
Regarding the re-definition of the triggering offset, a few options may be considered, which also depends on how the A-SRS time-domain resources are specified. The triggering offset may be indicated as a slot offset and symbol position(s), similar to the k0 and SLIV design for PDSCH or the k2 and SLIV design for PUSCH. To further reduce overhead, k0, k2, and SLIV may not refer to the absolute slot/symbol offsets but slot/symbol offsets within the A-SRS time-domain resources. If the indicated A-SRS symbol length is longer than the RRC-configured A-SRS symbol length, the A-SRS can be repeated in time domain to fill up the indicated symbols. The indicated A-SRS symbols may also cross the slot boundary and go into the next slot if the indicated symbol length spans into the next slot, similar to existing PUSCH design. Generally, the UL/DL TDRA field design can be reused/enhanced for A-SRS triggering offset indication. 

· Alt 2: Indicate triggering offset in DCI explicitly or implicitly
To explicitly indicate a triggering offset, the A-SRS triggering DCI can be added with a triggering offset field, or more general, a UL/DL TDRA field may be reused or enhanced for A-SRS.
An implicit triggering offset may be the next SRS transmission opportunity within the A-SRS time-domain resources. That is, the UE can autonomously look for the next chunk of A-SRS time-domain resources that is available to transmit all the configured or indicated A-SRS symbols. This design may be combined with the autonomous delaying. For example, if a SRS TDRA field is absent, or the SRS TDRA indicated symbols are occupied, the UE will autonomously find the next available opportunity to transmit SRS. This mode of operation may be enabled/disabled by a flag in RRC (similar to LTE Rel-14 design of soundingRS-FlexibleTiming configuration) or in DCI. By default, the UE starts to search from the DCI-carrying slot, but if a slotoffset value is configured in RRC, the UE may search from the slot with the configured offset.

· Alt 3: Update triggering offset in MAC CE
In general, MAC CE can be very useful to improve operational flexibility without considerably increasing DCI overhead. If the flexibility and DCI overhead from the design of Alt 1 and Alt 2 are already reasonable and sufficient, e.g., at most a 4-bit TDRA field for A-SRS triggering offset to indicate a wide range of slot offsets and symbol lengths, there seems to be no obvious benefit to utilize MAC CE. However, if the design of Alt 1 and Alt 2 is considered as insufficient, Alt 3 can be further considered accordingly.
We have the following proposal:
Proposal 2: For flexible A-SRS triggering offset indication:
· Support Alt 1 of delaying A-SRS to an available time-domain resource (slot/mini-slot/symbol based)
· Also consider flexible A-SRS triggering with higher priority (associated with a specific data transmission; with a priority flag; for URLLC)
· Support Alt 1 of re-definition of triggering offset indication
· UL/DL TDRA reused/enhanced for SRS
· Support Alt 2 of indicating a triggering offset in DCI explicitly or implicitly
· Explicitly: a DCI TDRA field for SRS
· Implicitly: may be a joint design with UE autonomous delaying 
· No obvious benefit for Alt 3 if Alt 1 and Alt 2 are supported with sufficient flexibility; otherwise Alt 3 can be considered

A-SRS triggering DCI enhancements 
3GPP RAN1 Meeting #102-e had the following agreement:
Agreement
Study the following two alternatives in the scope to enhance at least one DCI format for aperiodic SRS triggering 
· Alt 1: Use UE-specific DCI, e.g., extending DCI 0_1 without uplink data and without CSI
· Alt 2: Use group-common DCI, e.g., extending DCI 2_3 for cases other than carrier switching
· Further consideration aspects may include simultaneous or CC-specific SRS triggering for multiple CCs, dynamic indication of SRS frequency resources, etc..

The following DCI enhancements can be considered.
· Add a field for A-SRS time-domain resource allocation
See above for the detailed discussions. This should apply to UE-specific DCI and/or GC DCI.

· Allow dynamically indicated frequency-domain allocation, port allocation, and beamforming, reusing existing DCI field designs as much as possible, and reusing existing DCI fields as much as possible
Dynamically indicated A-SRS frequency-domain resource allocation can be beneficial to a number of cases. For one, refer to [1] for discussions regarding aperiodic SRS enhancement for interference probing in TDD massive MIMO which can significantly improve PDSCH spectrum efficiency. For another, the A-SRS may be used for CSI acquisition for a PUSCH transmission, and hence the A-SRS may be transmitted only on a set of PRBs that may be scheduled for the PUSCH, rather than on the wideband which consumes excessive resources and energy or on a pre-configured bandwidth on which the gNB cannot acquire relevant CSI for the PUSCH transmission. In addition, dynamically indicated A-SRS frequency-domain resource allocation can also be useful for SRS coverage/capacity enhancements related to partial frequency sounding. Similarly, dynamically indicated A-SRS port allocation and beamforming are also useful and should be supported.
To support flexible A-SRS triggering with dynamically indicated frequency-domain allocation, we note that existing DCI formats already provide well-designed PUSCH/PDSCH FDRA fields and thus may be reused or enhanced for A-SRS. In addition, if the A-SRS is used for CSI acquisition for the co-scheduled PUSCH/PDSCH transmission (as opposed to generic purposes and not tied to a specific transmission), the A-SRS may be transmitted on the same PRBs as the PUSCH/PDSCH. In this case, the gNB may indicate to the UE to reuse the PUSCH/PDSCH FDRA field for the A-SRS, which helps avoid high DCI overhead.
Likewise, to support flexible A-SRS triggering with dynamically indicated port allocation, we may reuse/enhance existing PUSCH/PDSCH port indication field design, and we may reuse the PUSCH/PDSCH port indication field if the A-SRS is used for CSI acquisition for the co-scheduled PUSCH/PDSCH transmission. To support flexible A-SRS triggering with dynamically indicated beamforming, for non-codebook based SRS beamforming, we can reuse/enhance existing design of CMR/IMR indication in the CSI request field in DCI format 0_1, and for codebook based SRS beamforming, we can reuse/enhance existing TPMI field design, and reuse the TPMI field if the SRS is used for CSI acquisition for the co-scheduled PUSCH transmission.

· Enhance UE-specific UL DCI and DL DCI for A-SRS
UE-specific UL DCI (e.g., DCI format 0-1, 0-2) can be enhanced for A-SRS. For example, we can extend the DCI for A-SRS triggering without a co-scheduled PUSCH, by adding fields indicating SRS TDRA, FDRA, port(s), and beamforming in the vacant PUSCH fields. Furthermore, we can extend the DCI for A-SRS triggering with co-scheduled PUSCH, by reusing the PUSCH fields indicating FDRA, port(s), and beamforming for the SRS, if the SRS is used for CSI acquisition, UL power control information acquisition, UL beam acquisition, etc., for the co-scheduled PUSCH transmission. In this case, UE first performs A-SRS transmission according to existing fields of FDRA and port indication, as well as the new fields of SRS resource indicator, SRS triggering offset, and CMR/IMR indication. UE then performs PUSCH transmission according to at least the same FDRA and port indication in the same DCI, and possibly following a TPC command sent in a GC DCI for this UE based on the gNB-received power from the A-SRS.
On the other hand, UE-specific DL DCI (e.g., DCI format 1-1) can be enhanced for A-SRS. We can extend the DL DCI for A-SRS triggering with co-scheduled PDSCH, by reusing the PDSCH fields indicating FDRA, port(s), and beamforming for the SRS, if the SRS is used for CSI acquisition for the co-scheduled PDSCH transmission. In this case, UE first performs A-SRS transmission according to existing fields of FDRA, PRB bundling size indicator, and port indication, as well as the new fields of SRS resource indicator, SRS triggering offset, and CMR/IMR indication. UE then performs PDSCH reception according to at least the same FDRA and port indication in the same DCI.

· Enhance GC DCI for A-SRS
GC DCI (such as DCI format 2-3 with multiple blocks, each block may be used to trigger one A-SRS transmission) can be enhanced for A-SRS. 
A basic design principle for the GC DCI for A-SRS could be that the A-SRS transmissions scheduled by the GC DCI are likely to be about the same time, such as in the same slot or a couple of neighboring slots. Based on this principle, we can consider to add a group-common field in the GC DCI to indicate a slot/symbol position that applies to all the A-SRS transmissions triggered by the DCI, together with UE-specific fields for UE-specific symbol offsets (can cross slot) for the UEs, or block-specific fields for block-specific symbol offsets for the SRS blocks.
Moreover, as the A-SRS transmissions may be on the same slot(s), pre-configured SRS transmission resources (e.g., symbol locations, PRBs, combs/shifts, cyclic shifts) may not fit well and there is likely to be resource conflicts, causing some SRS transmissions to be dropped. To resolve this, the GC DCI may indicate SRS multiplexing via UE-specific SRS port resources (symbols, comb/comb shift, and cyclic shifts).
This may be illustrated by the following figure. A SRS region is indicated for a SRS GC DCI, via a starting symbol in a slot and optionally a length (in terms of a number of symbols; can go across slot boundary) and frequency domain allocation. All SRS indicated in the GC DCI multiplex all the SRS port resources within the SRS region. The port resources in time domain include symbol location, comb and shift for a comb, cyclic shift. Each SRS block within the GC DCI is assigned with a subset of the port resources that are orthogonal to other SRS blocks’ assigned resources.
[image: ]
Figure 1 An example of GC DCI for A-SRS transmissions. The SRS region starting symbol is indicated as a field common to all SRS blocks. Each SRS block is further assigned with a subset of port resources within the region.

The following proposal captures the above discussions:
Proposal 3: Support at least the following flexible A-SRS triggering enhancements in UE-specific DCI:
· Add a field for A-SRS time-domain resource allocation
· Allow dynamically indicated frequency-domain allocation, port allocation, and beamforming, reusing existing DCI field designs as much as possible, and reusing existing DCI fields as much as possible
· Enhance UE-specific UL DCI and DL DCI for A-SRS
Proposal 4: Support at least the following flexible A-SRS triggering enhancements in group common DCI:
· Design principle: the A-SRS transmissions scheduled by a GC DCI are in the same or neighboring slots 
· Add a group-common field for the slot/symbol position common to all the SRS transmissions
· Indicate SRS multiplexing via UE-specific SRS port resources (symbols, comb/comb shift, and cyclic shifts)

Overhead reduction
3GPP RAN1 Meeting #102-e had the following agreement:
Agreement
For SRS overhead reduction, study reusing same resources among multiple usages, at least for “codebook” and “antenna switching”. Study aspects include
· Whether implementation approach based on legacy SRS configuration is sufficient
· If not, and if there are benefits other than RRC overhead reduction, study further on the case that antenna switching and PUSCH have different number of Tx antennas, whether UL BWP for different SRS usages is the same or different, whether and how to ensure UE to use same virtualization, the set of applicable usages, UE implementation complexity and overhead, etc..
To understand the study aspects, we checked the following standard specifications. 
In TS 38.331, it specifies the usage for a SRS resource:
usage                                   ENUMERATED {beamManagement, codebook, nonCodebook, antennaSwitching},
And in TS 38.214, procedures are specified for SRS resources with different usages. Some of the procedures are the same for ‘codebook’ and ‘antennaSwitching’ but some are not:
[bookmark: _Hlk515880410]-	the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of the DCI may trigger one or more SRS resource set(s). For SRS in a resource set with usage set to 'codebook' or 'antennaSwitching', the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 + Tswitch. Otherwise, the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 + Tswitch+14. The minimal time interval in units of OFDM symbols is counted based on the minimum subcarrier spacing between the PDCCH and the aperiodic SRS. 
-	when a UE receives an spatial relation update command, as described in clause 6.1.3.26 of [10, TS 38.321], for an SRS resource, and when the HARQ-ACK corresponding to the PDSCH carrying the update command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on updating spatial relation for the SRS resource shall be applied for SRS transmission starting from the first slot that is after slot The update command contains spatial relation assumptions provided by a list of references to reference signal IDs, one per element of the updated SRS resource set. Each ID in the list refers to a reference SS/PBCH block, NZP CSI-RS resource configured on serving cell indicated by Resource Serving Cell ID field in the update command if present, same serving cell as the SRS resource set otherwise, or SRS resource configured on serving cell and uplink bandwidth part indicated by Resource Serving Cell ID field and Resource BWP ID field in the update command if present, same serving cell and bandwidth part as the SRS resource set otherwise. When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching', the UE shall not expect to be configured with different spatial relations for SRS resources in the same SRS resource set.
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. 
Generally, there are some more restrictions on ‘antennaSwitching’ than on ‘codebook’. In a particular operation scenario, if the same procedures apply to the different usages, the network may configure one SRS resource with either usage but the network may utilize it for both usage purposes with no standard impact, or the network may configure two SRS resources almost identical except for “usage” (with no standard impact), or the network may configure one SRS resource with two “usage” values (with changes in TS 38.331 needed). In general operation scenarios, different usages may require different procedures and hence different SRS resources have to be configured. This is up to the network to decide. Overall it seems the use cases for this potential enhancement is limited, and the potential benefits may include some minor RRC overhead reduction and avoiding reaching UE’s SRS resource limit of 64. Based on the analysis, we prefer to stick with the implementation approach and not to enhance, unless some other strong justifications are identified.
Proposal 5: Rely on implementation approach to reuse a SRS resource for more than one usage such as ‘antennaSwitching’ and ‘codebook’.

SRS coverage/capacity enhancement
3GPP RAN1 Meeting #102-e had the following agreement:
Agreement
For SRS coverage/capacity enhancements, evaluate and, if needed, specify one or more from three categories based on the following definition. 
· Class 1 (Time bundling): Utilize relationship among two or more occasions of one or more SRS resources in one or more slots to enable joint processing within time domain.
· Study aspects include the issue of phase discontinuity, interruption of SRS transmission by other UL signals, etc..
· Class 2 (Increase repetition): Change the legacy SRS pattern in one resource and one occasion from time domain by increasing SRS symbols for repetition. 
· Study aspects include to use TD-OCC to compensate the negative impact on SRS capacity, inter-cell interference randomization, whether these SRS symbols are in one slot or consecutive slots, etc..
· [bookmark: _Hlk52786373]Class 3 (Partial frequency sounding): Support more flexibility on SRS frequency resources to allow SRS transmission on partial frequency resources within the legacy SRS frequency resources.
· Study aspects include the partial frequency resources are with RB level or subcarrier level (e.g., larger comb, partial bandwidth), PAPR issue, etc..


Regarding Class 1 enhancements of time bundling, this can possibly improve SRS coverage. We had a concern with the potential phase discontinuity issue. After further analysis, we understand that though in general this can be a problem, there exist at least some scenarios in which the phase changes between the SRS transmissions are sufficiently small, e.g., when the SRS transmissions are close enough in time, when the doppler is small, or when the UE’s transmit chain can well maintain the phase between transmissions. In any event, the gNB can decide if the phase discontinuity is severe or not, and if not, it can configure the UE to sound in time bundles and then the gNB performs joint processing. This can be up to gNB implementation. As long as the standards provide sufficient support for configuration and/or indication of SRS transmissions in time bundles, the rest can be standard transparent. The current SRS configuration seems generally sufficient, and SRS indication via DCI can be enhanced to trigger time-bundled transmissions.
Proposal 6: For SRS coverage/capacity enhancements Class 1 (Time bundling): 
· At least for some scenarios, the potential phase discontinuity is sufficiently small, and time bundling can be supported;
· Provide standard support for time bundling via more flexible configuration/indication of SRS transmissions, and leave time bundling transparent to UE.
Regarding Class 2 enhancements of increased repetition, this is arguably the most straightforward way to improve SRS coverage and should be supported. The current standards already allow repetitionfactor values of n1, n2, n4 and nrofSymbols values of n1, n2, n4, n8, n12 to be configured. To enhance, repetitionfactor values of n3, n6, n8, etc., may be added, and nrofSymbols values of n3 (which complements n4 in a half slot), n5 (which complements n2 in a half slot), n6 (which complements n1 in a half slot and n8 in a slot), n10 (which complements n2 in a slot), and n14 may be added. One SRS occasion may also extend to the next slot, for example, for nrofSymbols of n6, the SRS may use the 2 last symbols in a slot and 4 symbols in the next slot, and the 4 symbols in the next slot may be at the beginning of that slot if the symbols are available SRS time-domain resources, or may be at a different time-domain location based on the available SRS time-domain resources. RRC configuration and DCI indication of SRS transmission repetitions/symbols can be enhanced.
The increased repetition will cause that fewer signals/UEs can be multiplexed at the same time. This negative effect may be partially compensated via partial frequency sounding, which will be discussed below. However, this means that the standards may need to consider joint design of time-domain repetition and partial frequency sounding, such as when the time-domain repetition increases, the frequency-domain resources may become sparser or less.

Proposal 7: For SRS coverage/capacity enhancements Class 2 ((Increase repetition):
· Allow more repetitionfactor values and more nrofSymbols values to be configured/indicated;
· Allow cross-slot resource mapping;
· Allow joint design of partial frequency sounding with increased repetition to compensate the negative impact on SRS capacity.

Regarding Class 3 enhancements of partial frequency sounding, this is useful to focus the power on the narrower bandwidth or fewer subcarriers to increase the UL receive SNR. Current sounding already supports non-wideband transmissions (4 PRBs at the minimum), but in a coverage-limited scenario, the narrowband sounding may be further split into multiple partial sounding to cover the bandwidth of one narrowband sounding. This is also useful to take advantage of frequency selectivity and to reduce interference between SRS from different UEs. In addition, this also improves the frequency-selective precoding by SRS. The partial bandwidth granularity may be changed to 1~2 PRBs. However, to reduce signaling overhead, some restrictions may be considered. If the A-SRS is associated with a specific PDSCH/PUSCH transmission, the SRS may have the same granularity as PDSCH/PUSCH frequency-domain resource allocation granularity. For example, for resource allocation Type 0, which is RBG based, SRS may also follow the same RBG based granularity (a RBG is 2/4/8/16 PRBs). For resource allocation Type 1, which is PRB based, SRS bandwidth may also be as small as one PRB.
Partial frequency sounding can also be achieved if each SRS transmission occupies fewer subcarriers, then more UEs can sound and SRS capacity is increased, which can also improve SRS coverage when the power is more focused. For example, SRS comb may be increased to 6, 8, or 12. 
Partial frequency sounding can also be achieved by spreading the transmission for one SRS resource (or resource set) into multi-hopping transmissions. For example, a SRS resource on 8 PRBs (PRBs 1~8) may be done in 2-hopping transmissions, the first hop on PRBs 1~4 and the second on 5~8. A hop may be configured/indicated based on frequency-domain granularity, such as a PRB (i.e., each hop has n PRBs) or a RBG (i.e., each hop has n RBGs). The different hops may also have different combs and/or different comb shifts. For example, a SRS resource of comb 4 and shift 0 may be split into 2 hops, the first with comb 8 and shift 0, and the second with comb 8 and shift 4. 
Proposal 8: For SRS coverage/capacity enhancements Class 3 (Partial frequency sounding): 
· Support SRS partial bandwidth granularity based on PDSCH/PUSCH resource allocation granularity 
· Support SRS comb 6, 8, and 12;
· Support multi-hopping SRS resource (one SRS resource done by multiple hopping in terms of PRB/RBGs and/or comb shifts).

SRS switching for up to 8 antennas
3GPP RAN1 Meeting #102-e had the following agreement:
Agreement
For SRS antenna switching up to 8Rx, study the configuration of {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}.
· Study points may include CSI latency, performance considering aspects like insertion loss, use cases, antenna structure, UE power saving, SRS resource configuration, etc..

For SRS switching for up to 8 antennas, this can be extended from existing standards supporting 1T2R, 1T4R, and 2T4R. That is, Rel-17 may consider 1T6R, 1T8R, 2T6R, 2T8R, 4T6R, and 4T8R. This can be generally done by defining up to 8 SRS resources forming 2 or 3 or 4 SRS resource sets, and appropriate SRS configuration/request field design.
Proposal 9: Support SRS switching for up to 8 antennas similar to current standards for supporting antenna switching.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed several enhancements for SRS in Rel-17. The following are proposed:
Proposal 1: For flexible A-SRS time-domain resources and triggering offset:
· Clarify flexible A-SRS time-domain resources 
· Option A1: On all slots/OFDM symbols configured not for DL in TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated
· Option A2: On all slots/OFDM symbols
· Clarify flexible A-SRS time-domain resource allocation granularity
· Option B1: Based on slots
· Option B2: Based on slots and mini-slots
· Option B3: Based on slots and OFDM symbols 
· Clarify flexible A-SRS triggering offset reference point
· Option C1: The reference point is based on the current DCI’s slot/mini-slot/symbol
· Option C2: The reference point is based on the current DCI’s slot plus slotoffset if configured
· Option C3: The reference point is based on the next UL/flexible slot/symbol
Proposal 2: For flexible A-SRS triggering offset indication:
· Support Alt 1 of delaying A-SRS to an available time-domain resource (slot/mini-slot/symbol based)
· Also consider flexible A-SRS triggering with higher priority (associated with a specific data transmission; with a priority flag; for URLLC)
· Support Alt 1 of re-definition of triggering offset indication
· UL/DL TDRA reused/enhanced for SRS
· Support Alt 2 of indicating a triggering offset in DCI explicitly or implicitly
· Explicitly: a DCI TDRA field for SRS
· Implicitly: may be a joint design with UE autonomous delaying 
· No obvious benefit for Alt 3 if Alt 1 and Alt 2 are supported with sufficient flexibility; otherwise Alt 3 can be considered
Proposal 3: Support at least the following flexible A-SRS triggering enhancements in UE-specific DCI:
· Add a field for A-SRS time-domain resource allocation
· Allow dynamically indicated frequency-domain allocation, port allocation, and beamforming, reusing existing DCI field designs as much as possible, and reusing existing DCI fields as much as possible
· Enhance UE-specific UL DCI and DL DCI for A-SRS
Proposal 4: Support at least the following flexible A-SRS triggering enhancements in group common DCI:
· Design principle: the A-SRS transmissions scheduled by a GC DCI are in the same or neighboring slots 
· Add a group-common field for the slot/symbol position common to all the SRS transmissions
· Indicate SRS multiplexing via UE-specific SRS port resources (symbols, comb/comb shift, and cyclic shifts)
Proposal 5: Rely on implementation approach to reuse a SRS resource for more than one usage such as ‘antennaSwitching’ and ‘codebook’.
Proposal 6: For SRS coverage/capacity enhancements Class 1 (Time bundling): 
· At least for some scenarios, the potential phase discontinuity is sufficiently small, and time bundling can be supported;
· Provide standard support for time bundling via more flexible configuration/indication of SRS transmissions, and leave time bundling transparent to UE.
Proposal 7: For SRS coverage/capacity enhancements Class 2 ((Increase repetition):
· Allow more repetitionfactor values and more nrofSymbols values to be configured/indicated;
· Allow cross-slot resource mapping;
· Allow joint design of partial frequency sounding with increased repetition to compensate the negative impact on SRS capacity.
Proposal 8: For SRS coverage/capacity enhancements Class 3 (Partial frequency sounding): 
· Support SRS partial bandwidth granularity based on PDSCH/PUSCH resource allocation granularity 
· Support SRS comb 6, 8, and 12;
· Support multi-hopping SRS resource (one SRS resource done by multiple hopping in terms of PRB/RBGs and/or comb shifts).
Proposal 9: Support SRS switching for up to 8 antennas similar to current standards for supporting antenna switching.
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