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1 Introduction

Work on RRM requirements for SRS antenna port switching [1], continued during the RAN4#101-e meeting, and the outcome in terms of agreements and open issues was captured in a WF [2].

In this contribution we provide our views on the open issues.

2 Discussion

2.1 Scope of SRS antenna switching requirement
This is been discussed in RAN4 for many meetings without consensus. Following options were discussed in last meeting. 

Issue 1-1-2: RAN4 requirement scope with different SRS resource configuration

· Option 1 (CATT, Apple, Xiaomi, LGE, OPPO, HW, Intel, QC, MTK, ZTE,):

· RAN4 to define a generic requirement regardless of SRS resource configuration.
· Option 2 (Nokia): 

· RAN4 shall define the requirements for the following scenarios in Rel17 where

· The SRS resources of a set are transmitted in the same slot with consecutive SRS transmission, or

· The SRS resources of a set are transmitted in separate slots.

· RAN4 do not define the requirements if the SRS resources of a set are transmitted in the same slot with non-consecutive SRS transmission, before the guard period in this scenario gets clarified in RAN1.  

· Option 3 (Ericsson):

· define requirements under the assumption that SRS symbols are configured on consecutive symbols (with 1 symbol guard period between SRS symbols). 

· Option 4(vivo):

· In R17 feRRM WI, the number of consecutive symbols for SRS transmission configured in a slot comprising UL symbols is no more than X, and X = 2 is preferred.

It is currently unclear from RAN1 specifications how to handle cases where SRS resources in SRS set are transmitted in the same slot but with an inter-SRS resource distance that exceeds defined guard periods one OFDM symbol for µ=0, 1, 2 (TS 38.214 clause 6.2.1.2). In our view RAN4 cannot define requirements for all permutation and combination of the cases. We think RAN4 shall focus only on the following cases only for simplicity of requirements for SRS antenna port switching.
· 
SRS resources in a set are transmitted in the same slot with consecutive SRS resources being separated at most by one OFDM symbol for µ=0,1,2  
Proposal 1: 
RAN4 shall focus on defining requirements assuming SRS resources in a set are transmitted in the same slot with consecutive SRS resources being separated at most by one OFDM symbol for µ=0,1,2.  
2.2 Impact of SRS antenna port switching to other requirements
Following options are discussed in last meeting.

Issue 1-2-5: Impact of SRS antenna port switching to CSF and other RS 

· Option 1 (CATT, HW, Nokia, Ericsson): RAN4 doesn’t define the rules to avoid collisions except what has been defined in RAN1 and NR measurement.

· Option 2 (Apple, Intel, Nokia, CATT): RAN4 to not define any solution and requirement for “SRS antenna port switching to avoid collision to all reference signals including CSI-IM except DMRS and UCI containing CSF report”.

· Option 3 (QC, MTK, OPPO, Intel): Scheduling of SRS antenna switching should avoid collision to all reference signals, including CSI-IM, except DMRS, and UCI containing CSF report. If the collision happens, it is considered as an error case and no UE requirement is imposed.

· Option 3a (MTK, Intel, OPPO): Scheduling of SRS antenna switching should avoid collision to all reference signals, including CSI-IM, except DMRS, and UCI containing CSF report. If the collision happens, it is considered as an error case and no UE requirement is imposed
· Option 4 (Ericsson, Nokia): Prioritization between scheduling of SRS antenna switching and transmission of certain signals and channels is to be handled by RAN1. If anything is unclear, RAN4 shall send LS to RAN1 and ask for clarification.

In our view, the prioritization rules are to be defined by RAN1. We do not think that the rules in TS 38.214 clause 6.2.1 are unclear, but since the issue is still open in RAN4 for many meetings, we think RAN4 should consider consulting RAN1 to get clarity on whether the existing rules cover the identified scenarios, or whether RAN1 would need to make additions to the rules.
Proposal 2:
Prioritization between scheduling of SRS antenna switching and transmission of certain signals and channels is to be handled by RAN1. If anything is unclear, RAN4 shall send LS to RAN1 and ask for clarification.

2.3 Interruption requirement applicability
One open issue is whether and how to specify the interruption requirements for sync case.

In some scenario’s victim cell may be received ahead of aggressor cell and in some other scenarios it may be other way around. Since this behavior cannot be predicted, RAN4 need to specify the interruption before and after the SRS transmission to cover the both the cases. The value of interruption length may vary for sync and async cases and it depends on MRTD/MTTD value of sync and async cases. For inter-band cases, interruption length would be half the slot length and for sync case it is 33us. If RAN4 defines interruption requirements for async case alone, considering the high MRTD value (half slot length) of the async case, the length of interruption would be very high compared to the actual SRS transmission.  Clearly this would be undesirable from the system performance point of view. Hence, interruption requirements shall be specified for both sync and async cases. 
Proposal 3: RAN4 to define interruption requirement for sync case also.

2.4 Interruption requirement design for SRS antenna port switching
 Following options are discussed in last meeting.
· Option 1 (CATT, Apple, QC, CMCC, Xiaomi, LG, Intel, MTK, vivo, ZTE, HW, OPPO): based on slot level

· Option 1a (LG): If SRS antenna port switching is configured in the flexible slot in the synchronous case, the interruption should apply to only uplink symbols in the interrupted slot.
· Option 2 (Ericsson, Nokia): based on symbol level

Impact of transient period onto victim carriers is limited to one or two OFDM symbols for each antenna port switching. As this is significantly less than a slot, we think the length of the potential interruptions shall be derived based on symbol granularity. In previous meetings some companies mentioned that in NR, for other RRM requirements, interruption is defined in slots and hence it should be the same for this case also. We have different understanding on this observation. Our view is, for other features, the length of interruption is quite close to slot length and hence RAN4 rounded of the interruption value and defined it in granularity of slots. This is not the case for SRS antenna port switching. Moreover, SRS antenna port switching may occur more frequently resulting in high number of interruptions. To avoid this, we think interruption should be defined in symbol level granularity. 
Interruption requirements design:

Components within SRS interruption design, following is agreed.
· The components of interruption time of SRS antenna port switching in FR1 are

· Antenna switching time before and after SRS transmission occasion (2*15us)

· SRS transmission time of X symbols

· Requirements would be defined for two scenarios:

· Scenario 1: when X=1 SRS symbol is configured in a slot for SRS antenna port switching, the configured number of SRS symbols is used as SRS transmission time

· Scenario 2: otherwise, using X=6 SRS symbols in a slot as assumption of SRS transmission time

Based on the last meeting agreement, interruption can be defined as
Interruption length= Antenna switching time before (15us) + X*OFDM symbol length+ Antenna switching time after (15us)
When X=1, Interruption length is 3 OFDM symbols.

When X=6, Interruption length is 7 OFDM symbols (As shown in figure 1, last OFDM is already counted in X=6). 
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Figure 1: Example interruption locations when X=6
Based on the interruption design principles, we further look at the interruption location and length for async and sync cases to analyze the interruption granularity.
Interruption requirement for async cases:

As the interruption is on the victim cells, and the location of interruption depends RTD value of victim cell w.r.t aggressor cell. In other words, it depends on sync and async cases. From TS 38.133 we can observe that for inter-band asynchronous cases, MRTD can be as large as half slot length for all the SCS in FR1. Since RTD is a variable, we may have to define interruption considering RTD from 0 to MRTD. One such example is shown in figure 2.
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Figure 2: Interruption location illustration for different RTD values for async cases
From figure 2, we can observe that when aggressor SCS and victim SCS are same at most interruption occurs on two slots. Since RTD values for inter-band asynchronous cases are as high as half slot, it is difficult to predict and define the interruption in the exact symbols. Hence, we think for async case interruption can be defined in slots. From figure 2 we can observe that max interruption is 2 slots when SCS are same. 

Proposal 4:
Interruption requirements shall be based on slot granularity for async cases.
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Figure 3: Interruption location illustration for MRTD value for sync cases
Interruption requirement for sync cases:

In figure 3, we analyzed interruption location on victim cells for different SCS values of victim cells. For synchronous case for inter-band case MRTD is 33us. By assuming maximum RTD of 33us, we can determine the location of the interruption. Except for 60kHz, for other SCS the length of interruption is few symbols and the location of interruption can be determined by taking MRTD value. Therefore, we feel that interruption requirement can be define in symbols for sync cases. 

Proposal 5:
Interruption requirements shall be based on symbol granularity for sync cases.
Other open issue is the UE behavior when two SRS colliding on the same symbol. Following is discussed in last meeting.
Issue 1-5-2: Two SRS colliding on same symbol
· Option 1 (Apple, QC, HW, vivo, LGE, ZTE, OPPO, CATT, Nokia): This is up to RAN1 discussion, and no need to discuss this case in RAN4.

· Option 2 (MTK, Ericsson): For SRS antenna port switching (FR1 only), when two SRS resources having the same time domain behavior are scheduled on the same OFDM symbol:

· For UE not supporting R17 feMIMO, whether to transmit the SRS is up to UE implementation.
· For UE supporting R17 feMIMO, follow the priority rule defined in RAN1 in R17, if
Our view is both the options are under RAN1 control and RAN4 need not discuss this in RAN4. 
Proposal 6: Two SRS colliding on same symbol is RAN1 issue and RAN4 do not need to discuss this.
3 Summary

In this contribution we have provided our views on open issues for RRM requirements for SRS antenna port switching. The following proposals are made:
Proposal 1: 
RAN4 shall focus on defining requirements assuming SRS resources in a set are transmitted in the same slot with consecutive SRS resources being separated at most by one OFDM symbol for µ=0,1,2.  

Proposal 2:
Prioritization between scheduling of SRS antenna switching and transmission of certain signals and channels is to be handled by RAN1. If anything is unclear, RAN4 shall send LS to RAN1 and ask for clarification.

Proposal 3: RAN4 to define interruption requirement for sync case also.

Proposal 4:
Interruption requirements shall be based on slot granularity for async cases.
Proposal 5:
Interruption requirements shall be based on symbol granularity for sync cases.
Proposal 6: Two SRS colliding on same symbol is RAN1 issue and RAN4 do not need to discuss this.
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