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1 	Introduction
In last meeting, RAN4 started the discussion of the interruption requirement of SRS antenna port switching and some issues, e.g., scope, delay requirement, granularity and synchronous/asynchronous, did not reached consensus yet. Our views on these open issues are provided in this paper.
2 Discussion
2.1 Scope of the requirement
According to 38.101-1 and 38.101-2, the transient period for SRS antenna port switching is only defined for FR1. However, in TS 38.214, the minimum guard period between two SRS resources of an SRS resource set for antenna switching is defined for both FR1 and FR2.
	Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2






Thus, there exists an inconsistency between RAN1 and RAN4 specifications. In our understanding, from RRM point of view, the interruption discussion should be aligned with the conclusion from RF WG. So we suggest to define the interruption requirements of SRS antenna switching only in FR1, unless the transient period in FR2 is specified in RF session. 
[bookmark: _Ref67990804]Proposal 1: Only define the interruption requirements at SRS antenna switching in FR1, unless the transient period in FR2 gets clarification in RF session.

2.2 Delay requirement
In last meeting, some companies suggest to define the delay requirement for SRS antenna port switching. However, in TS 38.101, RF session has defined the transient period in SRS time mask, i.e., UE is required to transmit the SRS through the new antenna port within the transient period. In our understanding, it is the same as the switching delay, so we do not need to define the delay requirement.
[bookmark: _Ref67990816]Proposal 2: No need to define the delay requirement for SRS antenna port switching.


2.3 Interruption
UE capability
From RAN1/2’s discussion, SRS antenna switching in one carrier will possibly influence other bands’ DL/UL. UE should report whether the UL TX switching in a band would impact downlink receiving in another band and whether the UL Tx in a band is switched together with UL Tx in another band. There are a lot of discussions on why the UE needs to report the impact of SRS antenna switching per DL/UL frequency band [R1-1712769, R2-1817376].
[bookmark: _Ref536692254]Observation 1: SRS antenna switching in one band will possibly influence other bands’ DL/UL.
[bookmark: _Ref536692276][bookmark: _Ref67990856]Proposal 3: The interruption requirement should be defined based on the band combination capability reported by UE, i.e., txSwitchImpactToRx or txSwitchWithAnotherBand.
UE (not) capable of per-FR gaps
Generally, there exist independent RF chains in different FRs for the UE who supports per-FR gap, and RF components would be shared between different FRs for the UE who does not supports per-FR gap. The main difference between these two cases is whether any transition, e.g. RF retuning, on the serving cells in one FR may cause the interruption on the serving cells in the other FR. Considering that RAN2 has already defined the related UE capability on SRS antenna switching, i.e., txSwitchImpactToRx, txSwitchWithAnotherBand, UE already can inform the network which band may be impacted by SRS antenna switching. Thus, we do not see any reason to define the interruption requirement based on per-UE or per-FR gap capability.
[bookmark: _Ref61342834]Proposal 4: Interruption requirement of SRS antenna port switching will not depend on for per-UE or per-FR gap capability. 

Slot level v.s. symbol level
The interruption requirement based on symbol level is introduced for Tx switching due to frequent change of uplink transmission. However, SRS antenna port is switching only when UE performs the uplink CSI acquisition, i.e., unlike Tx switching which may cause frequent interruption. Besides, SRS antenna port switching is a Rel-15 feature and all the requirements defined in Rel-15 are based on slot level. Thus, we suggest to define the requirement based on slot level.
[bookmark: _Ref67990884]Proposal 5: Define the interruption requirement for SRS antenna port switching based on slot level.

Component
The total interruption time shall be contributed from the following 2 components (shown as (A) and (B) in Figure 1)
[image: ]
[bookmark: _Ref1031002]Figure 1. SRS antenna switching interruption time
(A) The UE will be configured with one or more SRS resource sets by the higher layer parameter SRS-ResourceSet. For each SRS resource set, a UE may be configured with K>=1 SRS resource(s) where K depends on UE’s capability. When the UE is configured with the higher layer parameter usage in SRS-ResourceSet as ‘antennaSwitching’, the UE will be also configured with a guard period of Y symbols. During that period UE does not need to transmit any signal in the case that the SRS resources of a ResourceSet are transmitted in the same slot. The guard period is in-between the SRS resources of the set according to Section 6.2.1.2 of TS38.214.
The UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource occupying n=1, 2, or 4 adjacent symbols within at most 6 symbols [TS38.331]. Note that the last SRS symbol always aligns with the last symbol of a slot.
	resourceMapping
OFDM symbol location of the SRS resource within a slot including number of OFDM symbols (N = 1, 2 or 4 per SRS resource), startPosition (SRSSymbolStartPosition = 0..5; "0" refers to the last symbol, "1" refers to the second last symbol) and RepetitionFactor (r = 1, 2 or 4) (see TS 38.214 [19], clause 6.2.1 and TS 38.211 [16], clause 6.4.1.4). The configured SRS resource does not exceed the slot boundary.


[bookmark: _Ref536692258]Observation 2: The max number of symbols for SRS in one slot is 6, including SRS resource(s) and guard period for switching among SRS ports.
(B) Considering the flexible slot format configuration in NR, it could be either UL or DL symbols before and after SRS symbols. Therefore, before and after transmitting SRS, UE may also need to consider additional Tx-to-Tx, Rx-to-Tx, or Tx-to-Rx transition time. All possible transition scenarios are shown as Figure 2. As we know, the allowed transition times for T2R and R2T are 13us in FR1 and 7us in FR2. Both are less than the transient period (15us) between different antennas in SRS antenna switching. Therefore, for simplicity, we can assume the transient period is equal to 15us. 
Based on above assumption, the overall interruption time in antenna switching should be sum of
(A) SRS Transmission time (up to 6 symbols).
(B) 2 * 15us

 
Figure 2. DL/UL configuration with SRS antenna switching
[bookmark: _Ref536692285][bookmark: _Ref536692282]Proposal 6: The SRS antenna switching time is 15us.
[bookmark: _Ref61342826]Proposal 7: The SRS antenna switching interruption time should be 
(A) SRS Transmission time (up to 6 symbols).
(B) 2 * 15us

Numerology
Considering different numerologies among CCs, the absolute time used for SRS will be different so that the interruption time to victim cells will also be different. The longest interruption time will be 428us (6 SRS symbols) + 2* 15us (SRS antenna switching time) = 458us at SCS=15KHz. The figure 3 below shows the case that SCS of aggressor cell is 15KHz and the numbers of interrupted slots in victim cells will be variated with the SCS of victim cell under synchronization DC or NR CA. Note that UL TA is not yet considered in this case. 


Figure 3. Numerology impact in SRS antenna switching interruption (aggressor cell SCS=15KHz)
[bookmark: _Ref61342828]Proposal 8: The SRS antenna switching interruption requirement should be defined based on SCSs of aggressor cell and victim cells in NR.

UL TA and asynchronization DC
Both UL TA and asynchronization DC would result in additional interrupted slot. That means the SRS antenna switching interruption requirement doesn’t need to be differentiated between synchronization and asynchronization scenarios.    
[bookmark: _Ref61342831]Proposal 9: One single requirement to cover the synchronous and asynchronous scenarios with or without UL TA.
In summary, the SRS antenna switching interruption requirement should be specified as follows.
[bookmark: _Ref1032569]Proposal 10: The SRS antenna switching interruption requirement should be specified as follows.
Table 1. Interruption length (slots) due to SRS antenna switch
	Victim cell SCS(KHz)
	Aggressor Cell SCS (KHz)

	
	15
	30
	60
	120

	15
	2
	2
	2
	2

	30
	2
	2
	2
	2

	60
	3
	2
	2
	2

	120
	5
	3
	3
	2




3 Summary
In this paper, the discussion of SRS antenna port switching is provided. We have the following proposal:
Proposal 1: Only define the interruption requirements at SRS antenna switching in FR1, unless the transient period in FR2 gets clarification in RF session.
Proposal 2: No need to define the delay requirement for SRS antenna port switching.
Observation 1: SRS antenna switching in one band will possibly influence other bands’ DL/UL.
Proposal 3: The interruption requirement should be defined based on the band combination capability reported by UE, i.e., txSwitchImpactToRx or txSwitchWithAnotherBand.
Proposal 4: Interruption requirement of SRS antenna port switching will not depend on for per-UE or per-FR gap capability. 
Proposal 5: Define the interruption requirement for SRS antenna port switching based on slot level.
Observation 2: The max number of symbols for SRS in one slot is 6, including SRS resource(s) and guard period for switching among SRS ports.
Proposal 6: The SRS antenna switching time is 15us.
Proposal 7: The SRS antenna switching interruption time should be
(A) SRS Transmission time (up to 6 symbols).
(B) 2 * 15us
Proposal 8: The SRS antenna switching interruption requirement should be defined based on SCSs of aggressor cell and victim cells in NR. 
Proposal 9: One single requirement to cover the synchronous and asynchronous scenarios with or without UL TA.
Proposal 10: The SRS antenna switching interruption requirement should be specified as follows.
Table 2. Interruption length (slots) due to SRS antenna switch
	Victim cell SCS(KHz)
	Aggressor Cell SCS (KHz)

	
	15
	30
	60
	120

	15
	2
	2
	2
	2

	30
	2
	2
	2
	2

	60
	3
	2
	2
	2

	120
	5
	3
	3
	2




[bookmark: _GoBack]
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