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1 Introduction
At RAN4#98e work on RRM requirements for SRS antenna port switching, which is part of the NR RRM further enhancement requirements for Rel-17 [1], was started, with outcome captured in a WF [3].

In this contribution, we provide our view on the open issues captured in the WF.
2 Discussion

Scope of SRS antenna switching requirement
It was agreed to define interruption requirements for SRS antenna port switching. Whether to define RRM delay requirements for SRS antenna port switching is still open.
	· Issue 1-1-2: whether delay requirement would be defined in RRM for SRS antenna port switching  

Agreements:
RRM delay requirement for SRS antenna port switching is FFS

· Option 1: Do not define SRS antenna port switching delay requirement in RRM.

· Option 2: Define SRS antenna port switching delay requirement same as RF retuning time.

· Option 3: Define SRS antenna port switching delay requirement. FFS for the value. At least RF retuning time shall be 
included.


Our preference is Option 3, i.e. delay requirements for SRS antenna port switching are to be introduced, and the delay requirement comprises at least the RF retuning time but potentially additional contributing factors.
· Proposal 1:  Define SRS antenna port switching delay requirement. FFS for the value. At least RF retuning time shall be included.
Impact of SRS antenna port switching on other RRM requirements
	· Issue 1-1-3: Impact of SRS antenna port switching to other RRM requirements 

Agreements:
Further identify impact of SRS antenna port switching on RRM requirements, e.g. Timing measurements and 
corresponding measurement requirements.


SRS antenna port switching may impact other RRM requirements, e.g. related to timing measurements (e.g., UE Rx-Tx, gNB Rx-Tx measurements, UL RTOA, etc.). The reason is that in practice the transmit timings between signals transmitted by any two or more UE transmit antennas are not perfectly aligned with respect to each other. This leads to transmit time misalignment (or time alignment error, TAE) between transmissions on different antennas, which may cause a non-negligible additional error in the timing measurement accuracy, unless the SRS antenna port switching impact is completely avoided or limited during the timing measurement.
· Proposal 2:  Further look into performance impact on timing-based measurements from SRS antenna port switching, and if needed, identify how to mitigate performance degradation (e.g. by avoiding switching during timing-based measurements). 
Other RRM requirements
	Other RRM requirements
· Issue 1-1-4: RAN4 defines the requirement only for SRS antenna port switching in FR1 or in both FR1 and FR2 

Agreements
· Define the RRM requirements for SRS antenna port switching for FR1. 
· FFS for FR2 SRS antenna port switching requirements:
· Further identify the applicability of the existing RF transient period for SRS antenna port switching.


We are fine with focusing on FR1 firstly. Regarding applicability, this seems more related to Issue 1-1-2.
· Proposal 3:  Focus on requirements for SRS antenna port switching in FR1 firstly.
Interruption requirement applicability
	· Issue 1-2-1: Interruption requirement applicability
FFS:
· Option 1: The interruption requirement should base on the band combination capability reporting by UE.
· Option 1a: The interruption requirement should base on the band combination capability (indicated by txSwitchImpactToRx or txSwitchWithAnotherBand) reporting by UE. 
· Option 2: For the interruption cause by the switching period, whether the victim CCs are same as those indicated by the IEs (txSwitchImpactToRx or txSwitchWithAnotherBand) needs further discussion.
· Option 3: Needs further checking and discussion.

· Issue 1-2-3: whether same interruption requirement applies to different SRS antenna port switching patterns
FFS:
· Option 1: use same set of requirements for different SRS antenna switch patterns
· Option 2: Depending on UE capability supportedSRS-TxPortSwitch, the interruption requirements should be defined.
· Option 3: further discussion is needed.


There is signaling support for SRS antenna port switching, but currently there are no RAN4 requirements. The existing related per-band UE capabilities include:

· Capability to support SRS Tx port switching (UE reporting supportedSRS-TxPortSwitch),

· Indication on whether the UL Tx switching in a band impacts DL receiving in another band (UE reporting txSwitchImpactToRx), and

· Indication on whether the UL Tx in a band is switched together with UL Tx in another band (UE reporting txSwitchWithAnotherBand).

During the SRS antenna port switching, the UE may not be able to transmit and/or receive, so the corresponding requirements for a maximum allowed interruption on serving cells (PCell, PSCell, or SCells) are needed. The interruption requirement itself may also further depend on UE capability.

· Proposal 4:  Interruption requirement applicability to be further discussed.
Interruption requirement design
	· Issue 1-3-1: The interruption requirement is defined based on slot level or symbol level
FFS:
· Option 1: based on slot level
· Option 2: based on symbol level
· Option 3: FFS


· Proposal 5: Interruption requirements for SRS antenna port switching shall be defined in OFDM symbol granularity. 

	· Issue 1-3-2: The components within interruption time of SRS antenna port switching in FR1
FFS:

· Option 1: includes antenna switching time and SRS transmission time

· Option 1a: includes antenna switching time and SRS transmission time; and transient periods before and after SRS transmission slot have to be taken into consideration.

· Option 1b: includes antenna switching time and SRS transmission time; and other components can be further discussed.

· Option 2: FFS on followings

· FFS: time to switch to transmit,

· FFS: time to switch back,

· FFS: guard symbol(s),

· FFS: SRS transmission.

· Option 3: only antenna switching time

· If the transient period (15us) can be captured within the guard period in FR1, the UL interruption at SRS antenna switching shall be defined based on the minimum guard period specified in RAN1


RAN4 needs to discuss what is included in the interruption time (e.g., which of: time to switch to transmit, time to switch back, guard symbol(s), and SRS transmission).

· Proposal 6: The interruption time for SRS antenna port switching comprises at least antenna switching time and SRS transmission time. 
	· Issue 1-3-5: Would the interruption requirement based on different SCS? 
FFS:

· Option 1: Interruption requirement is based on the victim CC SCS.

· Option 2: Interruption requirement is based on the aggressor CC and victim CC SCS.

· Option 3: 

· The interruption requirement depends at least on the SCS of the victim cell.
· FFS: the interruption requirement depends on the SCS of aggressor cell.


The interruption requirements are defined in slots which have different length depending on the numerology, while the interruption depends on the switching time. Therefore, the interruption requirement should depend as a minimum on SCS of the victim cell.

· Proposal 7: The interruption requirements depend at least on SCS for victim cell. 
	· Issue 1-3-6: Would the interruption requirement differentiate between sync and async cases?
FFS:

· Option 1: No; based on the async case for the minimum requirement.

· Option 2: Yes. 
· Option 3: depends on whether to have slot level interruption or symbol level interruption. Need FFS.


· Proposal 8: Different interruption requirements apply for synchronous and asynchronous cases. 
	· Issue 1-3-7: Interruption requirement for UE with or without per-FR MG capability
FFS:

· Option 1: 

· For UE capable of per-FR MG, the interruption is only allowed to a victim serving CC if NR SRS antenna port switching happens in the same FR as this victim serving CC.

· For UE not capable of per-FR MG, the interruption is always allowed to a victim serving CC regardless of whether NR SRS antenna port switching happens in the same FR as this victim serving CC.

· Option 2: No need to define the UE (not) capable of per-FR gaps requirement for SRS antenna port switching in RAN4.
· Option 3: FFS after addressing other issues


· Proposal 9: Potential impact of UE capability for per-FR gap on interruption requirements can be further studied once the other aspects influencing the interruption time have been settled. 
3 Summary

In this contribution we have provided our views on open issues captured in the WF. The following proposals are made:
· Proposal 1:  Define SRS antenna port switching delay requirement. FFS for the value. At least RF retuning time shall be included.
· Proposal 2:  Further look into performance impact on timing-based measurements from SRS antenna port switching, and if needed, identify how to mitigate performance degradation (e.g. by avoiding switching during timing-based measurements). 
· Proposal 3:  Focus on requirements for SRS antenna port switching in FR1 firstly.
· Proposal 4:  Interruption requirement applicability to be further discussed.
· Proposal 5: Interruption requirements for SRS antenna port switching shall be defined in OFDM symbol granularity.
· Proposal 6: The interruption time for SRS antenna port switching comprises at least antenna switching time and SRS transmission time. 
· Proposal 7: The interruption requirements depend at least on SCS for victim cell. 

· Proposal 8: Different interruption requirements apply for synchronous and asynchronous cases. 

· Proposal 9: Potential impact of UE capability for per-FR gap on interruption requirements can be further studied once the other aspects influencing the interruption time have been settled. 
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