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Introductions
In RAN#86 meeting, WID [1] on further enhancement of NR MIMO was approved which includes enhancement on SRS, which is copied below for reference.
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, the remaining issues on SRS would be further discussed to complete the specification, mainly including collision handing for aperiodic SRS triggering, antenna switching enhancement and capacity/coverage enhancement. 
Remaining issues on SRS switching extension
SRS switching enhancement for 1T2R/2T4R
Two agreements related to 1T2R/2T4R antenna switching enhancement were agreed as below:Agreement
For antenna switching SRS, support maximum one SRS resource set for periodic SRS and maximum 2 SRS resource sets for semi-persistent SRS. 
· Note: the two SP-SRS resource sets are not activated at the same time
· For xTyR where y>4, if UE does NOT support this feature, support maximum one SRS resource set for periodic SRS and maximum one SRS resource set for semi-persistent SRS
· Applies for all supported xTyR where y<=8
· For each xTyR antenna switching (except for 4T6R if supported), each periodic or semi-persistent resource set contains y/x resources. 
This feature is UE optional: For UEs that do not support this feature, follow Rel-15 on the number of resource sets for periodic and semi-persistent SRS
Additionally, it was agreed to enhance the number of max SRS sets for periodic SRS and semi-persistent SRS.

Agreement:
For extension of aperiodic antenna switching SRS configurations for <=4Rx, support N=4 for 1T4R and N=2 for 1T2R/2T4R.
· The above extension is UE optional
Additionally, it was agreed to enhance the number of max SRS sets for periodic SRS and semi-persistent SRS.


Thus, based on the above two agreements which indicates two separate features, we have four possible combinations between feature A (extension of aperiodic antenna switching SRS configurations for <=4Rx) and feature B (extension of periodic and semi-persistent SRS), 
· Combination 1: {not support feature A, not support feature B}
· Combination 2: {support feature A, support feature B}
· Combination 3: {support feature A, not support feature B}
· Combination 4: {not support feature A, support feature B}
And we have following table for combinations of different features:
	The number of max sets of 1T2R/2T4R
	Feature B (SP/P SRS sets)

	
	Not support
	Support

	Feature A
(AP SRS sets)
	Not support
	1P+1SP or 1P+1AP or 1SP+1AP
Combination 1
	Option 1:1P+2SP+0AP
 Option 2:1P+2SP+1AP 
Combination 4

	
	Support
	Option 1:1P+1SP+2AP
Option 2:1P/1SP+2AP
Option 3:0P/SP+2AP 
Combination 3
	2SP + 1P + 2AP
 Combination 2


Table 1. Combinations of different features for 1T2R and 2T4R
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For combination 1, the SRS configurations should follow Rel-15 on the number of resource sets for different resource type, while the number of max resource sets of aperiodic and periodic/semi-persistent SRS follow feature A and feature B simultaneously for combination 2, i.e. 2 semi-persistent SRS resource sets + 1 periodic SRS resource set + 4 aperiodic SRS resource sets for 1T4R and 2 aperiodic SRS resource sets for 1T2R/2T4R. In other words, there is no ambiguity on SRS resource sets and resources configuration for antenna switching usage for both combination 1 and combination 2.
For 1T2R/2T4R, Rel-15/16 specification limits the number of total SRS resource sets to 2 and the number of max SRS resource set per resource type to 1, i.e. 1 periodic + 1 semi-persistent, or 1 periodic + 1 aperiodic, or 1 semi-persistent + 1 aperiodic. However, the max number of SRS resource sets configurable for 1T2R/2T4R when either combination 3 or combination 4 is supported is not clear. 
More specifically, if combination 3 is supported, it represents maximum 2 aperiodic SRS resource sets can be configured as feature A supported, and, due to feature B not supported, periodic and semi-persistent SRS resource set configurations should be followed Rel-15 rule. These ambiguous statements could have been understood in more than one way shown in table 1. For example, 1 periodic SRS resource set and/or 1 semi-persistent SRS resource set + 2 aperiodic SRS resource set may be configurated simultaneously for 1T2R/2T4R with supporting combination 3 (option 1 or option 2), or maybe only maximum 2 aperiodic SRS resource sets can be configured (option 3). 
Similarly, for combination 4, it supports maximum 1 SRS resource set for periodic SRS and maximum 2 SRS resource sets for semi-persistent SRS, while an SRS resource configuration of 2 semi-persistent + 1 aperiodic is supported there could be following cases: support 1 periodic + 2 semi-persistent + 0 aperiodic (option 1 in table 1) or 1 periodic + 2 semi-persistent + 1 aperiodic (option 2 in table 1).
Below is excerpt of 38.214v17.0.0 which describes SRS antenna switching for 1T2R:
-	For 1T2R, if the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets] and/or a capability for [extension of aperiodic antenna switching SRS configuration]:
-	zero or one or two SRS resource sets configured with different value of resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' if the UE is not indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], or up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'semi-persistent' and up to one SRS resource set configured with resourceType in SRS-ResourceSet set to 'periodic' if the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets], where the two SRS resource sets configured with 'semi-persistent' are not activated at the same time. An SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, and
-	zero or one SRS resource set with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE is not indicating a capability for [extension of aperiodic antenna switching SRS configuration], or up to two SRS resource sets configured with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE is indicating a capability for [extension of aperiodic antenna switching SRS configuration], where in the case of one resource set, a total of two SRS resources transmitted in different symbols of one slot and where the SRS port of the second resource in the given set is associated with a different UE antenna port than the SRS port of the first resource in the same set. In the case of two resource sets, a total of two SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in the given two sets is associated with a different UE antenna port. The two sets are each configured with one SRS resource, or
-	otherwise, for 1T2R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or
According to 38.214v17.0.0, option 1 is supported, i.e. 1P+1SP+2AP, for combination 3 (yellow highlighted part) and option 2, i.e. 1P+2SP+1AP, for combination 4 (green highlighted part). There is no agreement in RAN1 on the number of maximum configured SRS resource sets with antenna switching usage enhanced equal to 4 for 1T2R and 2T4R. Thus, we propose to clarify in the spec that the maximum number of SRS resource sets configurations with different resource types for 1T2R/2T4R is 3 if only one of the two features is supported. 
Clarify in the spec that maximum number of 3 SRS resource sets can be configured with different resource types for 1T2R/2T4R if only one antenna switching enhancement feature relative to 1T2R/2T4R is supported. 
SRS switching enhancement for up to 8 antennas
In RAN1 # 106bis-e meeting, following agreement was made: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 this section, we will discuss guard period enhancement required for antenna switching. Usage with antenna switching is different from other usage cases above in the sense that a Tx chain should be switched from one antenna to another antenna, and, hence, would require a specific configuration between two antenna switching SRS resources. 
In Rel-15, only last 6 symbols in a slot can be configured for SRS, and the number of SRS resource set is restricted to 1 for periodic antenna switching SRS and up to 2 with different slot offset configuration for aperiodic antenna switching SRS. A minimal gap between two SRS resource sets with antenna switching usage is equal to 8 symbols which certainly fulfills the minimum guard period restriction. As a consequence, no need to define guard period between two antenna switching SRS resource sets in Rel-15/16.
[image: ]
Figure 1-1: zero symbol gap between two SRS resource in adjacent slots
However, in Rel-17 RAN1 agreed that no further guard period enhancement is needed for multiple antenna switching sets in same slot as it was agreed UE does not expect multiple SRS resource sets are configured or triggered in one slot. For the case of 2 sets in adjacent slots, as depicted in Figure 1-1, the minimal gap between the two sets is equal to 0 which does not meet the capability requirement for antenna switching, if a resource in the first set is configured on the last symbol within the first slot and another resource in the second set is configured on the first symbol within the second slot. Thus, minimum Y symbols guard period is supported between 2 SRS sets for antenna switching located in adjacent slots.
[image: ]
Figure 1-2: large symbol gap between two SRS resource in adjacent slots
However, consider another a case as shown in Figure 1-2, where one resource in the first set is configured on the last symbol in the first slot and another resource in the second set is configured on the last symbol in the second slot, hence the gap between two SRS sets is equal to 13 symbols. Besides, according priority rule, the gap between two SRS with antenna switching usage has same priority as SRS, which could lead to some scheduling restriction in the gap symbols. Other UL signals may not be transmitted on symbols between two antenna switching SRS resources defined as guard symbols or SRS is dropped in second slot according to priority rule which leads to wastage of resources. 
From above analysis, it is better to make the minimal guard symbol Y as guard period for two SRS resource sets transmitted in two adjacent slots as UE capability, in which symbol position of the minimal guard symbol Y can be configured by signaling. In addition, if antenna switching SRS resource and PUSCH/PUCCH are transmitted on different antennas, it is not necessary to configure guard symbols in between. We, thus, propose,
Support minimal guard symbol Y as guard period for two SRS resource sets transmitted in two adjacent slots.
Symbol position of the minimal guard symbol Y can be configured by signaling.
Guard period between antenna switching SRS resource and other UL signals is needed. 
Remaining issues on collision handling
[image: ]
Figure 2-1: Collision with different offset indication
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]If more than one aperiodic SRS sets are triggered at the same time by one DCI with same available slot offset indication, the SRS resources in these sets should be configured in non-overlapping symbol(s) if the SRS resources are transmitted in same slot, which is guaranteed by network configuration. However, when available valid slot offset is indicated for each aperiodic SRS resource set triggered by one DCI, it is possible that transmission of 2 or more SRS resource sets are delayed such that SRS resources in multiple sets fall in one slot. For example, as depicted in Figure 2-1, legacy slot offset is configured as 0, and available slot offset is equal to 2 and 1, which indicates the 2nd available slot and the 1st available slot after slot n + legacy slot offset (‘0’), for the SRS resource set 1 and SRS resource set 2, respectively. If the set of symbols in slot n+1 are configured as flexible and indicated as DL + UL, by definition slot n+1 and slot n+2 are available slots thus according to available slot offset the UE is supposed to transmit SRS set 1 in slot n+2. By contrast, slot n+2 is the first available slot for SRS set 2 since the set of DL symbols in slot n+1 is overlapped with the symbols for SRS set 1 transmission. Thus, SRS set 1 and SRS set 2 are overlapping on symbol level, even if different available slot offset is configured.  
Even with different available slot offset indication for two aperiodic SRS resource sets triggered by one or more DCI, collision between two SRS can happen. 
[image: ]
Figure 2-2: Collision with two SRS on different CCs configured with different offset indication
In UL CA, for SRS for antenna switching + SRS for codebook/non-codebook/BM/antenna switching case, the simultaneous transmission of SRS on different CCs depends on UE capability. Thus, in UL CA, collision between two SRS from different carriers is possible when simultaneous transmission of those two SRS on different CCs is not supported. Taking figure 2-2 as an example, SRS set 1 is transmitted on slot n+2 on CC1 and SRS set 2 is also transmitted on slot n+2 on CC2 even with different available slot offset indication between two SRS.
SRS transmission collision may happen for two aperiodic SRS resource sets triggered in case of UL CA, even with different available slot offset indication, if simultaneous transmission of SRS on difference CCs is not supported.
To address above scenarios, some principle of priority to handle collision in an available slot should be considered. 
Although priority can be based on Usage or the order of triggering DCI, it cannot solve collision if multiple sets configured with same usage or simultaneously triggered by multiple DCI are overlapping in time domain across CCs. Thus, as single dropping rule is not sufficient, we propose a combined dropping rule, including usage, order of triggering DCI, CC ID and set ID, to handle collision.
Consider a dropping rule which considers usage, order of triggering DCI, CC ID and set ID, to resolve SRS collision when more than one SRS resource sets are triggered by one or more DCI on same CC or different CCs.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]
Remaining issues on SRS capacity and/or coverage enhancement
RB-level partial sounding
[bookmark: _Hlk95385517]One of the main purposes of partial frequency sounding is to shorten frequency hopping cycle by configuring larger bandwidth in an SRS hopping subband and as well increasing accuracy in CSI acquisition by RE level power boosting, while partial frequency sounding can be achieved by re-configuration PF value in non-frequency hopping case. Thus, we believe RPFS can not offer benefits in non-frequency hopping case from technical perspective. And, for better multiplexing with other UEs, it is no necessary to introduce DCI or MAC CE updating PF value as well as . We, thus, propose,
Support partial frequency sounding applicable to frequency hopping only and do not introduce DCI or MAC CE updating PF value as well as .
Comb 8
In RAN1 # 107s-e meeting, following working assumption and conclusion were made:Working assumption
To support 4 ports with Max CS = 6, 
· Port 0 and Port 2 locate in n_CS and (n_CS+3) mod 6 in comb offset k_TC, respectively. 
· Port 1 and Port 3 locate in n_CS and (n_CS+3) mod 6 in comb offset (k_TC + 4) mod 8, respectively. 
· Note: n_CS and k_TC are the configured CS and comb offset values.
· Note: This working assumption can be revisited if Max CS = 12 is agreed.

Conclusion
There is no consensus in RAN1 to support Max CS = 12 for comb-8 in Rel-17.


Due to the conclusion of max CS = 12 is not supported, working assumption should be confirmed. Thus, we propose,
Confirm working assumption to support 4 ports with max CS = 6.

Conclusions
In this contribution, we discuss some issues on SRS enhancement and have the following proposals:
1. Clarify in the spec that maximum number of 3 SRS resource sets can be configured with different resource types for 1T2R/2T4R if only one antenna switching enhancement feature relative to 1T2R/2T4R is supported. 
1. Support minimal guard symbol Y as guard period for two SRS resource sets transmitted in two adjacent slots.
1. Symbol position of the minimal guard symbol Y can be configured by signaling.
1. Guard period between antenna switching SRS resource and other UL signals is needed. 
1. Consider a dropping rule which considers usage, order of triggering DCI, CC ID and set ID, to resolve SRS collision when more than one SRS resource sets are triggered by one or more DCI on same CC or different CCs.
1. Support partial frequency sounding applicable to frequency hopping only and do not introduce DCI or MAC CE updating PF value as well as .
Confirm working assumption to support 4 ports with max CS = 6.
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