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Introduction
 In RAN1 #92, agreements related to SRS were made [1]. The following agreement is relevant to this contribution. In this contribution, we raise some issues concerning inter-UE RS multiplexing and intra-UE RS multiplexing to avoid collisions.

	Agreements from RAN1#92
Agreement:
From a UE’s perspective, SRS and PRACH are not transmitted simultaneously
· If SRS and PRACH have to be transmitted on overlapping OFDM symbols, SRS is not transmitted



Inter-UE collision handling for UL
 In RAN1#92b, collision handling between SRS and PRACH are discussed. Although the topic was dealt from the UE perspective, issues related to inter UE collision handling between SRS and other channels need to be discussed. From the UE perspective, collision handling between SRS and short PUCCH was included in TS. 38.214 to introduce scheduling flexibility. Similarly, inter-UE collision handling should be considered to introduce flexibility in scheduling and to avoid inter-UE interference at the network.
 The inter-UE collision may occur when a UE’s bandwidth occupies part of another UE’s bandwidth. An example is illustrated in Figure 1.
[image: ]
[bookmark: _Ref510456391]Figure 1 Bandwidth occupied by UE1 and UE2, UE1’s SRS occupying resources used by UE2

 In the following, we discuss RS or channels that can collide, possible actions taken by UE and notification methods of collision.
Collision between SRS and other UL RS such as DMRS, SRS, and PTRS, and short and long PUCCH should be considered for inter-UE collisions.
In case of collisions the following actions by UE can be considered
· Fully/partially drop/keep victim channel/RS according to network’s decision
· Fully/partially drop/keep victim channel/RS according to prioritization rules
· Shift victim RS or channels in time or frequency domain

Dropped RS may be resent during the same slot or in subsequent slots. The above actions can be taken by the victim UE with the following notifications
· Possible collision is notified by pre-emption indicator
· Possible colliding positions are notified by DCI to the victim UE
· Possible colliding positions are notified by group common DCI to victim UEs 
· Candidate of colliding positions are notified by RRC to the victim UE
· Combination of RRC and DCI, i.e. candidate of colliding positions are notified by RRC and actual colliding positions are notified by DCI to the victim UE (for example, it can be notified using the identifier of candidate aperiodic SRS configurations via DCI)

Based on the options above, we make the following proposal.
[bookmark: Prop1]Proposal 1: Consider UE notification methods and collision cases for inter-UE RS/channel multiplexing

Inter-UE collision handling in case of scheduling conflicts
 When UL grants are transmitted to different UEs, it is possible for inter UE collision to occur. An example of such collision is shown in Figure 2. In the example, the grant sent to UE 2, triggering SRS happens to collide with PUSCH transmission from UE2. 
[bookmark: _GoBack]Such a case can be avoided by sending another grant for UE2 to cancel the PUSCH transmission. In that case, the latter grant should have higher priority compared to the former one. The following two examples also illustrate the case when the latter grant/trigger can be used to avoid inter-UE collision.
 In Figure 3, an example to avoid inter-UE collision is illustrated. In the example, an overriding grant (2nd grant) for UE2 is transmitted from gNB to shorten PUSCH to avoid collision with UE1’s SRS.
 In Figure 4, another example in which SRS and PUSCH collide is illustrated. In this case, the number of symbols used by SRS is changed using the 2nd SRS transmission trigger, as illustrated in Figure 5.

[image: ]
[bookmark: _Ref510794863]Figure 2 : Example 1, collision between UE1 and UE2 
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[bookmark: _Ref510800506]Figure 3 : Example 1, collision avoidance by an overriding grant
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[bookmark: _Ref510802353]Figure 4 : Example 2, collision between UE1 and UE2
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[bookmark: _Ref510804401]Figure 5 : Example 2, collision avoidance between UE1 and UE2

[bookmark: Prop2]Proposal 2: To avoid inter-UE collision, treat the latter grant/trigger with higher priority

Collision handling between SRS and short PUCCH
In RAN1 NR AH#1, it was agreed to use the last two symbols of the slot for short-PUCCH. In addition, SRS can be transmitted within the last six symbols of a slot. Since both SRS and short PUCCH are transmitted later in the slot, considering more frequent transmission of SRS and tightly designated areas for transmission of SRS and short PUCCH in NR, collision between SRS and short PUCCH is more likely to happen with the recent agreements. 
TS 38.214 contains rules related to collision handling which drop SRS or short PUCCH depending on the content of the channel. Although these dropping rules clarify how the UE should behave when accidental or intentional collision happen, more support for dropped SRS needs to be provided in the current NR spec. As explained before, due to the restriction on the location of short PUCCH, the 2-symbol short PUCCH is very likely to collide with SRS. Although we don’t disagree with the principle behind the dropping rules, dropped periodic or semi-persistent SRS may cause performance degradation in the use cases described in the following.
If periodic SRS is dropped, it may affect operations such as reciprocity or UL beam management. Moreover, periodicity up to 2560 slots for periodic or semi-persistent SRS transmission can be configured. If the long awaited SRS is dropped, it could lead to serious performance degradation. There are also combinations of periodicities of SRS and short PUCCH, such as 2 and 5 slots, which will cause collision at the common multiple of the periodicities. In addition, dropped SRS may cause performance impairments during the reciprocity based operations. As in LTE, full band SRS transmission is possible in NR. In terms of scheduling, full band SRS transmission requires more effort to change location of the SRS symbol. Thus, dropped SRS which may potentially cover wideband needs to be replaced.
Due to the reasons stated above, the specification that needs modifications. 
As a solution, for the dropped periodic or semi-persistent SRS, the UE should be configured with aperiodic SRS in the same slot without DCI triggering. The UE can use the configured aperiodic SRS as a replacement for the dropped periodic or semi-persistent SRS. An example of the collision between SRS and short PUCCH and proposed placement of aperiodic SRS as the replacement for the dropped SRS symbol is shown in Figure 1. In the illustration the aperiodic SRS is scheduled before the dropped SRS. However, it can be placed before or after the dropped SRS, depending on the availability of resources. For the above reason, we propose the following text proposal in Section 6.2.1 in TS 38.214 [2].

[bookmark: TP2]Text Proposal 1: 

The following TP for Section 6.2.1 in TS 38.214 is proposed. The additional texts are marked in red.

	--------Beginning of TP--------

[bookmark: _Hlk498636457][bookmark: _Hlk498636712]For PUCCH formats 0 and 2, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s) or if aperiodic SRS is configured and PUCCH consists of beam failure request. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS happens to overlap in the same symbol with semi-persistent or periodic PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only. 

If periodic or semi-persistent SRS is dropped due to collision with PUCCH format 0 or 2, the UE may be configured to transmit aperiodic SRS in the same slot without DCI triggering.

A UE is not expected to be configured with aperiodic SRS and PUCCH formats 0 or 2 with aperiodic CSI report in the same symbol. 

--------End of TP--------






Figure 1 : Configuration of aperiodic SRS as a replacement for dropped periodic/semi-persistent SRS

In addition, following the agreement made related to non-codebook UL transmission, aperiodic CSI-RS can be configured such that aperiodic SRS appears before SRS that is to be dropped. Since the operation that pairs aperiodic SRS and CSI-RS is under non-codebook UL transmission in which reciprocity is supported, scheduling CSI-RS to allow UE to transmit aperiodic SRS.

Relative position of PUSCH and SRS
 In TS 38.214, Section 6.2.1, the following rule regarding placement of PUSCH and DMRS is specified. Considering urgency of some types of SRS such as aperiodic SRS which may require transmission as early as possible. Thus, as shown in Figure 6, SRS may be transmitted before DMRS. Relative position of SRS and PUSCH should be determined based on the use case for each RS or channel. Thus, restricting SRS only after PUSCH seems restrictive. 

	When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS.



Thus, to allow more flexible placement of SRS, we make the following proposal.

[bookmark: TP1]Text Proposal 2: SRS can be transmitted before or after PUSCH transmission. The following text proposal should be reflected in TS 38.214, Section 6.2.1.

	--------Beginning of TP--------

The UE may be configured by the higher layer parameter SRS-ResourceMapping with an SRS resource occupying a location within the last 6 symbols of the slot. 

When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS before/after the transmission of the PUSCH and the corresponding DM-RS.

For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter SRS-ResourceConfigType is set to 'periodic':

--------End of TP--------



[image: ]
[bookmark: _Ref510804611]Figure 6 SRS transmitted before PUSCH

Conclusion 
In this contribution we make the following proposals:

Proposal 1: Consider UE notification methods and collision cases for inter-UE RS/channel multiplexing

Proposal 2: To avoid inter-UE collision, treat the latter grant/trigger with higher priority

Text Proposal 1: 

The following TP for Section 6.2.1 in TS 38.214 is proposed. The additional texts are marked in red.

	--------Beginning of TP--------

For PUCCH formats 0 and 2, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s) or if aperiodic SRS is configured and PUCCH consists of beam failure request. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS happens to overlap in the same symbol with semi-persistent or periodic PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only. 

If periodic or semi-persistent SRS is dropped due to collision with PUCCH format 0 or 2, the UE may be configured to transmit aperiodic SRS in the same slot without DCI triggering.

A UE is not expected to be configured with aperiodic SRS and PUCCH formats 0 or 2 with aperiodic CSI report in the same symbol. 

--------End of TP--------



Text Proposal 2: SRS can be transmitted before or after PUSCH transmission. The following text proposal should be reflected in TS 38.214, Section 6.2.1.

	--------Beginning of TP--------

The UE may be configured by the higher layer parameter SRS-ResourceMapping with an SRS resource occupying a location within the last 6 symbols of the slot. 

When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS before/after the transmission of the PUSCH and the corresponding DM-RS.

For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter SRS-ResourceConfigType is set to 'periodic':

--------End of TP--------
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