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1 Introduction
In RAN1#102e meeting [1], agreements for SRS enhancements were achieved as:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]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.
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..
· 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..
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..
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..
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..
In this contribution, we provided our views on the enhancements on SRS.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Triggering offset
SRS triggering flexibility is quite limited for aperiodic SRS resource set, as the triggering offset can only be configured by RRC. The first restriction is that AP SRS can only be triggered in specific slots, especially in case of TDD frame structure. Furthermore, the slot format can be dynamically changed by DCI, the semi-static configured AP SRS triggering offset may be not suitable for the updated slot format, in some cases, AP SRS may not be able to be triggered any more. 
As discussed in last meeting, candidate schemes to improve the triggering flexibility were listed as:
· 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
And regarding Alt 1, SRS can be transmitted until an available slot is found, and there is no need of signalling overhead. While there are some issues to be further studied:
· The determination of an “available slot” should be clarified.
· As in NR, slot configuration is quite flexible, which can be configured by cell-specific and UE specific RRC signalling, and further dynamically changed by DCI (including dynamic scheduling and slot format indication DCI format 2-0), and in current spec, the collision of downlink reception and uplink transmission is avoided. But with Alt 1, delaying SRS transmission may cause different understanding between network and UE, for example, a slot with symbols configured as flexible can be dynamically scheduled to be downlink by network, and in this case, network determines this slot as an unavailable slot, while if UE missed the dynamic scheduling, it will still determine this slot as an available slot, as shown in Figure 1. And also, based on different moments (e.g. different slots), a slot is available or not may be different, for example, before downlink scheduling, a flexible slot may be regarded as available, while after downlink scheduling, this slot should be unavailable.


Figure.1: Misunderstanding between network and UE on available slot
· Based on this, the definition of available slot should be clarified, and the timing for the slot format should be clarified. A simple way is to decide whether a slot is available or not based on the same slot as AP SRS triggering. 
· Re-definition of the triggering offset may cause quite long delay for SRS transmission.
· Re-definition of the triggering offset is actually to count number of available slots, while in case of downlink-centric slot configuration, number of available slots may be limited, and if a relative large value of slot offset is configured, for example 32, after counting 32 available slots may result the offset to be hundreds of actual slots between SRS triggering and transmission, example as shown in Figure 2, only two slots can be counted as available slot within 10 slots. This SRS transmission may be out of age and useless.


Figure.2: Only two slots can be counted as available slot within 10 slots
· This issue should be further studied, for example, if the slot offset is configured to be X, there may be no need to count X available slots, for example, only Y available slots are counted, and other X-Y slots are counted no matter they are available or not. In this case, the extra delay for re-definition of the triggering offset can be controlled, and compared to just delay SRS transmission to next available slot, counting Y available slots can provide more flexibility to avoid SRS congestion. 
Regarding Alt 2, the triggering offset is indicated by DCI, with this scheme, full flexibility can be achieved, while the overhead may be quite large (taking current slot offset 0-32 for example, 6 extra bits needed). While on the other hand, there may be no need to be so flexible. Tradeoff and balance between the flexibility and signalling overhead can be studied for AP SRS triggering. For example, there is no need to indicate all possible values for SRS triggering offset in DCI, a combination of RRC configured slot offset and further DCI indicated offset adjustment can achieve enough flexibility, and the overhead can be reduced.
Regarding Alt 3, as one of the issue for SRS triggering enhancement is caused by the dynamic change of slot format, with updating the triggering offset by MAC CE, the flexibility is quite limited. And for another issue with less opportunity for SRS triggering, only updating the offset by MAC CE can not solve the issue, as for different downlink slot, different triggering offset may be needed. 
Proposal 1: For AP SRS triggering, indicating offset in DCI (Alt 2) can provide best flexibility, and overhead can be reduced with combination of RRC signaling and DCI indication. And for delaying SRS transmission (Alt 1), further study is needed for the clarification of available slot and avoiding too large delay between SRS triggering and transmission. So we support Alt 2, and Alt 1 can be second preference if further clarification and design are achieved.
Coverage/capacity enhancement
Another important enhancement is SRS capacity and coverage. In Rel-16, the candidate OFDM symbols for SRS transmission has been updated to be any OFDM symbol in a slot, not limited to be last 6 symbols. While the maximum number of symbols for SRS transmission for one UE hasn’t been enhanced, which should be considered during the discussion. For example, the number of SRS symbols for one SRS resource, or the maximum number of repetitions. And restriction for aperiodic SRS antenna switching in current framework can also be relieved, especially for 1T4R, antenna switching within one slot can be possible.
Partial frequency sounding is listed as a good candidate for SRS coverage enhancement. And there may be some points to be well designed for this scheme. For SRS without hopping, partial sounding may break the property of ZC sequence, the structure for SRS sequence design should be studied. And for SRS transmission with hopping, partial sounding across frequency can be achieved based on current nested hopping bandwidth structure, which can be taken as a starting point. Larger comb can achieve capacity and coverage without impacting on the ZC sequence property, while multiplexing between partial frequency sounding UE and non-partial frequency sounding UE may need further study. 
Proposal 2: For partial frequency sounding, structure for SRS sequence design should be studied and current SRS hopping bandwidth configuration can be taken as a starting point.
SRS antenna switching
To cater for different services and requirements, SRS antenna switching should consider all the configurations of {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}, and current framework can be taken as starting point, with enhancement on number of SRS resources or number of SRS ports within a resource. And regarding 4T6R, the value for transmission is not exact division of the value for reception, which should be further studied. For example, with two SRS resources both with 4 ports, the extra 2 ports for transmission should be studied to be linked to reception ports.
Proposal 3: All configurations of {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R} should be designed for SRS antenna switching, and current framework can be taken as a starting point.
3 Conclusion
In this contribution, we provided our views on SRS enhancement, and we proposed that:
Proposal 1: For AP SRS triggering, indicating offset in DCI (Alt 2) can provide best flexibility, and overhead can be reduced with combination of RRC signaling and DCI indication. And for delaying SRS transmission (Alt 1), further study is needed for the clarification of available slot and avoiding too large delay between SRS triggering and transmission. So we support Alt 2, and Alt 1 can be second preference if further clarification and design are achieved.
Proposal 2: For partial frequency sounding, structure for SRS sequence design should be studied and current SRS hopping bandwidth configuration can be taken as a starting point.
Proposal 3: All configurations of {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R} should be designed for SRS antenna switching, and current framework can be taken as a starting point.
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