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1	Introduction 
In [1], a work item for further enhancements to NR MIMO was agreed. One objective of the work item concerns enhancements to SRS:
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 provide our views on the leftover issues on the enhancements of SRS flexibility, antenna switching, coverage and capacity. 
[bookmark: _Ref178064866]2   Discussion
2.1 Determination on the value of t
	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




In the last meeting, the detailed rules for the flexible triggering of aperiodic SRS has been agreed[4]. The leftover issue is whether this flexible triggering is applied across all CCs or across a CC/BWP. Currently, the triggering across CCs is not supported, there are many issues needed for this feature. It is beneficial to support the flexible triggering of SRS resource sets across CCs to help save more DCI overhead and alleviate the congestion of PDCCHs. But considering the limited time to finish Rel-17, we propose to only support the triggering across a CC/BWP at this stage.

Proposal 1: The flexible triggering via the configuration of “t” applies to the aperiodic SRS resource sets across a CC/BWP.

2.2 Collision handling
In RAN1 previous meetings, the following agreement has been made on SRS triggering flexibility [3]:
	Agreement （#104）
Confirm the following working assumption with modifications
An “available slot” is a slot satisfying there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies UE capability on the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
· From the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set, UE does not expect to receive SFI indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s) that may change the determination of “available slot”.
· Note: Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot.
· FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI

Agreement  （#106）
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.




In the RAN1#106, it was agreed that the reference slot is the slot indicated based on the legacy triggering offset. But when a single DCI triggers multiple SRS resource sets, the determination of the available slots for each resource sets has not yet been determined. In our view, each SRS resource set can determine the available slot individually but in such case the gNB cannot guarantee to avoid the collision of overlapping symbol(s) within different SRS resource sets either in the same CC or across different CCs, so dropping rules among different SRS resource sets may need to be introduced to make the best effort of SRS transmission if collision happens. 

In the last meeting, discussion were held among companies and no consensus reached. If any collision handling rules are specified, we prefer this collision rules to be UE optional. 

Proposal 2: If no consensus can be reached, legacy rules will be applied to the SRS transmission.

2.3 Flexible triggering of the SRS without data and without CSI request
In RAN1#104 meeting, the following agreement has been made on SRS triggering flexibility [2]:
	Agreement 
Further study whether and if needed, how to achieve further enhancements on aperiodic SRS triggering and resource management based on repurposing unused fields in DCI format 0_1/0_2 without data and without CSI. Consider the following examples
· CAT A: Time-domain parameters
· A-1: Indication of available slot position, i.e., the t values
· A-2: Indication of slot offset
· A-3: Indication of SRS symbol-level offset
· A-4: Indication of time-domain behavior for SRS transmission over multiple OFDM symbols, e.g., repetition, hopping, and/or splitting
· CAT B: Frequency-domain parameters
· B-1: Indication of a group of CCs for SRS transmission
· B-2: Indication of frequency domain resource in a BWP for SRS transmission
· B-3: Indication of whether DL/UL BWP is applied for SRS transmission
· CAT C: Power control parameters
· C-1: Re-purpose ‘TPC command for PUSCH’ as ‘TPC command for SRS’
· FFS impact on power control, impact from triggering a group of CCs for SRS
· C-2: Indication of open loop power control parameter e.g., p0.
· CAT D: Spatial-domain parameters, i.e., indication of SRS port and beamforming
· CAT E: Extend the number of DCI codepoints for aperiodic SRS trigger states
· Other examples are not precluded




Currently the transmission of the triggered AP-SRS is on the same carrier on which the PDCCH is received and cross component CC(UL-CA) SRS triggering is not allowed. So multiple PDCCHs of different CCs need to be transmitted which may cause congestion. 
Considering the DCI overhead, repurpose the unused DCI field in DCI0_1/0_2 can be beneficial and be evaluated. The following can be considered for the enhancement,
· CAT A: A-1: Indication of available slot position, i.e., the t values
· CAT B: B-1: Indication of a group of CCs for SRS transmission
· CAT E: Extend the number of DCI codepoints for aperiodic SRS trigger states

Proposal 3: Consider the following enhancement via repurposing the unused DCI field in DCI0_1/0_2 to support trigger SRS without data and without CSI request:
· CAT A: A-1: Indication of available slot position, i.e., the t values
· CAT B: B-1: Indication of a group of CCs for SRS transmission
· CAT E: Extend the number of DCI codepoints for aperiodic SRS trigger states


2.4 4T6R configurations
In RAN1#106bis meeting, the following agreement has been made on guard period [3]:
	Agreement
On SRS configuration for 4T6R, select at least one from the following three alternatives in RAN1#107e
· Alt 1: 4 + 2
· Alt 2: 2+2+2
· Alt 2-1: 
· No guard symbols exist between the 1st and the 2nd transmission. Y guard symbol(s) exist between 2nd and 3rd transmission, where Y is same as the value defined in the current specification for different SCSs
· Alt 2-2: 
· For SCS=15, 30 and 60KHz: No guard symbols exist
· For SCS=120 KHz: No guard symbols exist between the 1st  and the 2nd transmission, and 1 guard symbol exists between the 2nd and 3rd transmission
· Clarification on the notation:  means totally K resources are needed, where the k-th resource contains  ports, 1<=k<=K




For the SRS antenna switching configuration of 4T6R, we prefer Alt.1 because Alt.2 has more signaling overhead and higher latency compared to Alt.1. We don’t think it is a big issue of power imbalance between two SRS resources, since gNB knows exactly the resource configuration. The resource sharing possibility should also be considered and essential, so Alt.1 should be supported at least.

Proposal 4: Support Alt.1 for the SRS antenna switching configuration of 4T6R.

2.5 Guard period
In RAN1#106bis meeting, the following agreement has been made on guard period [3]:
	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




In last meeting, a guard period between SRS resource sets have been agreed to have the same value as defined for the inter-resource GP in Rel-15. 
Some companies prefer this value can be configured subject to UE capability. This antenna switching time of 15ms was originally defined in RAN4, and specified in RAN1with 1 or 2 symbols for different SCS. Up to now, RAN4 haven’t made any change on this guard period, so it would be lack of evidence to make this GP configurable value. Additionally, the same principle should be applied for the antenna switching time between SRS resources within the same SRS resource set as well.

Proposal 5: Support the legacy antenna switching time defined for the inter-resource GP in Rel-17.
Proposal 6: Do not support the guard period to be RRC configurable subject to UE capability.

2.6 Flexible configuration for antenna switching
For the flexible configuration for antenna switching, the benefits are quite obvious in our view,
1) To enable the flexible antenna switching configuration change or degradation within a BWP, other than RRC reconfiguration or BWP switching;
2) To help save more SRS signalling overhead via partial sounding; 

The SRS resource shortage problem in the uplink would be more severe in Rel-17. More antennas UE equipped with (up to 8Rx), it is more likely that partial sounding for AS would be frequently used for MU-MIMO. So selection of ports used for DL CSI acquisition may be higher demanding. This flexible indication of changing antenna ports used for antenna switching would help save the SRS signaling overhead greatly which would benefit the system performance as a whole. 
In our view, MAC-CE would be enough to enable faster than RRC change for this Tx/Rx antenna switching for UE implementation. Another approach is to allow the gNB to configure multiple SRS antenna switching configurations dynamically via DCI. If more identifiers/codepoints are not introduced, the scenarios would be too limited and also the high RRC signalling overhead should also be considered.

Proposal 7: Support the gNB indicating the used SRS resources from the configured SRS resources in SRS resource set(s) for antenna switching via MAC-CE;

Although UE supporting up to 8 Rx antennas, a certain UE capability would support a more complexed combo of multiple SRS antenna switching configurations
For UE reporting, UE has more accurate information on which set of antenna ports having better channel conditions and thus UE can report the preferred AS config. to the NW, eg. for a 1T8R UE, UE can measure and report whether 1T4R or 1T2R is more suitable for data reception without consideration of the available resources. And this mechanism would be beneficial for gNB scheduling for the tradeoff between the selection of different partial sounding configurations and the available SRS resources, also the MIMO layer supported. UE reporting information would be beneficial especially when SRS reception is not prompt enough. 
From UE perspective, UE may also want to save power abruptly at some point, or have other usage change with subset of antennas (such information is unknown from NW side), which may need change on the UE functioning for data reception. And we think it is reasonable to let the network acknowledge such need or demand from UE side. 

Current spec does not support the report of Tx and/or Rx antenna switching that UE prefers, but with the increase of Tx or Rx antennas UE equipped, the need for Tx or Rx switching should also be quite demanding, especially Tx antenna switching for power saving purpose, so the reporting of the UE suggested xTyR configuration would provide the possibilities and flexibilities which would be beneficial both for the UE and NW. So the UE reporting are beneficial for this feature and to reserve some flexibility for the power saving needs we foresee.

Proposal 8: Support UE reporting the preferred the nTmR switching antenna configuration;

This UE reporting information can be reported with different solutions, one way is to report via MAC-CE, another solution is to report by UCI, eg. within the CSI feedback. UE can measure the different CSI from different sets of receive antennas according to the Rx antenna switching candidates, and different sets CQI/RI can be got accordingly, and thus the most desired Rx antenna number can be reported together with other CSI reporting instances to the gNB. This can help a fast and flexible switching process and also enables more efficient resource allocation between network and the UE. Since the reporting by UCI has larger impacts on spec, we think MAC-CE reporting would be enough.

Proposal 9：Support UE assisted reporting via MAC-CE. 

3	Conclusion
In this contribution, we provide our views of the enhancements on SRS, our proposals are as follows:
Proposal 1: The flexible triggering via the configuration of “t” applies to the aperiodic SRS resource sets across a CC/BWP.

Proposal 2: If no consensus can be reached, legacy rules will be applied to the SRS transmission.

Proposal 3: Consider the following enhancement via repurposing the unused DCI field in DCI0_1/0_2 to support trigger SRS without data and without CSI request:
· CAT A: A-1: Indication of available slot position, i.e., the t values
· CAT B: B-1: Indication of a group of CCs for SRS transmission
· CAT E: Extend the number of DCI codepoints for aperiodic SRS trigger states

Proposal 4: Support Alt.1 for the SRS antenna switching configuration of 4T6R.

Proposal 5: Support the legacy antenna switching time defined for the inter-resource GP in Rel-17.
Proposal 6: Do not support the guard period to be RRC configurable subject to UE capability.

Proposal 7: Support the gNB indicating the used SRS resources from the configured SRS resources in SRS resource set(s) for antenna switching via MAC-CE;
Proposal 8: Support UE reporting the preferred the nTmR switching antenna configuration;
Proposal 9：Support UE assisted reporting via MAC-CE. 
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