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1. Introduction
In RAN#86, the Rel-17 WID of further enhancements on MIMO for NR is approved [1]. In the approved WID, a particular point is about SRS enhancements in terms of flexibility, coverage and capacity, targeting both FR1 and FR2. The detailed scope of the SRS enhancement is given as follows.
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
Previous RAN1 agreements on these SRS enhancements are given in Section 6.1.
In this contribution, we summarize companies’ views on the issues with wide interest after the two rounds of discussion in RAN1#106e.

2. Flexibility enhancements
2.1. SRS triggering offset
The followings are agreements for flexible SRS triggering offset.
	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




Collision handling
To trigger aperiodic SRS more flexibly, RAN1 agreed the flexible SRS triggering offset based on the available slot ‘t’. After triggering the aperiodic SRS, gNB can determine that the triggered aperiodic SRS is outdated but the other SRS transmission is required (e.g., SRS resource set for different usage with the already triggered SRS resource set). In this case, we can consider two options: one option is to define new dropping rule and the other is to rely on implementation (gNB’s scheduler). So far, we found no critical issues for collision handling for flexible aperiodic triggering.   
Proposal 1: No support new dropping rule in Rel-17.

2.2. Flexible DCI format
Re-purpose
Based on the agreement of using DCI 0_1/0_2 to trigger SRS without data and without CSI request, the following schemes to repurpose unused fields in these DCI fields to indicate SRS parameters dynamically. These repurpose filed can be used to have more flexible configuration of aperiodic SRS transmission. However, since the original intention of adopting flexible triggering is to distribute the triggering DCI so that we failed to see additional benefits over using flexible ‘t’ offset. 
	Categories
	Detailed alternatives

	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

	
	Do not support this category

	CAT C (Power control parameters)

	C-1: Re-purpose ‘TPC command for PUSCH’ as ‘TPC command for SRS’

	
	C-2: Indication of open loop power control parameter e.g., p0.

	
	Do not support this category

	CAT D (Spatial-domain parameters, i.e., indication of SRS port and beamforming)
	Re-purpose CSI-RS/TPMI indication to indicate SRS spatial-domain parameters

	
	Do not support this category

	CAT E (Extend the number of DCI codepoints for aperiodic SRS trigger states)
	Extend the number of DCI codepoints for aperiodic SRS trigger states

	New functionalities
	Re-purpose to indicate set usage



Proposal 2: No repurpose of DCI field(s) is supported for SRS parameter indication in Rel-17.

Group-common DCI
The group common DCI has potential benefit of less DCI size budget compared with UE specific DCI when AP-SRS are triggered for multiple UEs. DCI format 2_3 can be reused to flexibly trigger AP-SRS resource sets without PUSCH for other purpose than carrier switching with introduction of a new RNTI. Each UE can extract its own information block from the CRC scrambled DCI format 2-3 with this new RNTI. The starting position of each block needs to be configured by a higher layer command configuration specifically designed and configured for flexible AP-SRS triggering. Each UE information block can contain SRS request codepoint and slot offset values. Since more than one aperiodic SRS can be triggered with a single SRS request codepoint, indication of different slot offsets in one DCI can be either through a bitmap structure or through individual indication with a specific assigned number of bits for each triggered set. With bitmap structure, the transmission order of triggered AP-SRS sets can be according to a pre-determined order or SRS set ID. With individual indication, the corresponding slot offsets bits of different SRS sets are sorted according to a pre-determined order or SRS set ID. 
Proposal 3: Group-common DCI can be used for triggering UE specific information 
· With new RNTI where indication of all triggered AP-SRS sets’ slot offsets in one DCI 
· Bitmap structure or through individual indication with a specific assigned number of bits for each triggered set

2.3. Flexible antenna switching
Flexible antenna switching:
Due to channel variation and the cost of RRC reconfiguration, gNB always prefers to configure the highest possible antenna switching configuration and the intention of introducing combined capability goes amiss. To address this issue, gNB may either configure multiple resource sets following Rel. 15/16 or for periodic/semi-persistent SRS antenna switching scenario specifically, one SRS set can be configured with multiple SRS resources within that set with different or same number of SRS ports. UE selects the correct resource set based on a dynamic indication of specific configuration through MAC CE. This solution, however, may not be efficient in terms of resource overhead. An alternative is to introduce a new optional RRC parameter conditionally only for antenna switching usage that would allow RRC configured downgraded version of SRS resource set. With this new additional RRC parameter, the gNB can then use MAC CE to dynamically select/activate a downgraded configuration. 
Proposal 4: Flexible antenna switching can be feasible through a dynamic indication of specific configuration for aperiodic SRS through MAC CE that allows RRC reconfigured version of SRS resource sets followed by a MAC CE. 

3. Antenna switching up to 8Rx
The followings are agreements for antenna switching up to 8RX, we discuss remaining details in this section.
	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

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




4T6R
Given agreement for supporting 4T6R for antenna switching, the remaining configuration will be needed such as the number of SRS resource sets, the number of resources per set, and the number of SRS ports per resource and so on. Due to asymmetric structure, some specific configuration should be needed as follows:
Proposal 5: Support the Alt 1: 4 + 2 for SRS switching for 4T6R

Inter-slot guard symbols for two SRS resource sets
Regarding whether inter-slot guard symbols for two SRS resource sets are needed or not, our view is that it can be handled by UE capability. If triggered two SRS resource sets on consecutive slots are based on the same panel, then additional guard period between two sets may not be needed. However, if triggered two SRS resource sets on consecutive slots are based on different panels, i.e., each SRS resource set is associated with each UE panel, then the switching gap can be equal to or larger than Y, which is inter-resource GP defined in Rel-15 according to the above second agreement, based on UE implementation. Hence, introducing inter-slot guard symbols for two SRS resource sets can be up to UE capability, which is natural extension from Y.
Proposal 6: Support whether inter-slot guard symbols for two SRS resource sets exists or not is based on UE capability

4. Coverage and capacity enhancements
The followings are agreements for coverage and capacity enhancements and this is section, we discuss remaining details.
	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 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: [image: 1]  means [image: 2] for the (n+1)-th legacy FH period, where n = {0, 1, 2, 3, …}




Dynamic signaling to determine PF and kF
It has been agreed that RRC signaling is used to indicate PF and kF. The following is to discuss whether more dynamic signaling, e.g., MAC CE or DCI can also be used to update these two values.
Proposal 7: Do not support to use MAC CE or DCI based update for PF and kF

Further restriction on the number of RBs for RPFS
Regarding the size of PRBs for RPFS, we do not see any clear motivation to support all  in NR. The main reason is to keep the principle of SRS transmission and the other is to keep the same algorithm used for legacy SRS transmission, e.g., multiplexing with the legacy UE. Based on those reasons, we support Alt3 which is aligned solution with the current specification.
	Alternatives

	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


Proposal 8: Support Alt3 for the restriction on the number of PRBs for RPFS.

Comb-8
In RAN1#106b-e, the maximum number of 6 CSs for Comb-8 was agreed. The only remaining issue for Comb-8 is whether the maximum number of 12 CSs is additionally supported or not. Considering Rel-16 positioning SRS for Comb-8 and SRS transmission for 4 ports, instead of introducing CS restriction using 12 for PRB size 4, 12, 20, 28, and more, supporting CS 6 is clear option. In addition, we found no use cases for supporting maximum cyclic shift of 12 in the real network and if there is needed to use for more than 4 ports. One possible way is to use difference comb offset can be used for supporting 4 port case as we defined in LTE SRS. Hence, for Comb-8, we only support the maximum number of 6 CSs.
Proposal 9: For Comb-8 SRS transmission in Rel-17, only the maximum number of CS 6 should be supported.

5. Conclusion
In this contribution, the following proposals are given: 
· Proposal 1: No support new dropping rule in Rel-18.
· Proposal 2: No repurpose of DCI field(s) is supported for SRS parameter indication in Rel-17.
· Proposal 3: Group-common DCI can be used for triggering UE specific information 
· With new RNTI where indication of all triggered AP-SRS sets’ slot offsets in one DCI 
· Bitmap structure or through individual indication with a specific assigned number of bits for each triggered set
· Proposal 4: Flexible antenna switching can be feasible through a dynamic indication of specific configuration for aperiodic SRS through MAC CE that allows RRC reconfigured version of SRS resource sets followed by a MAC CE. 
· Proposal 5: Support the Alt 1: 4 + 2 for SRS switching for 4T6R
· Proposal 6: Support whether inter-slot guard symbols for two SRS resource sets exists or not is based on UE capability
· Proposal 7: Do not support to use MAC CE or DCI based update for PF and kF
· Proposal 8: Support Alt3 for the restriction on the number of PRBs for RPFS.
· Proposal 9: For Comb-8 SRS transmission in Rel-17, only the maximum number of CS 6 should be supported.
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