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Introduction
In RAN4#98-bis-e, SRS antenna port switching was further discussed as part of NR RRM further enhancement WI. In last meeting primarily following issues were discussed.
· SRS antenna port switch delay
· Interruption due to SRS antenna port switching 
· Impact of SRS antenna port switching on other RRM requirements  

In this contribution, we provide our views on the requirements for the above open issues of SRS antenna port switching. 
Discussion
	SRS antenna port switching delay
In last meeting it was agreed not to define delay requirement in RRM for SRS antenna port switching. However, it was agreed to discuss the scheduling restrictions before and after the SRS antenna port switching. Following WF [3] is agreed for this issue.
· Do not define SRS antenna port switching delay requirement in RRM
· FFS whether and how to define the scheduling restriction before and after SRS transmission for the cell with SRS antenna port switching
· There are no further scheduling restrictions for SRS symbols in addition to the restrictions defined in RAN1 specifications

Scheduling restriction:
In general, RAN4 defines the scheduling restriction on serving carriers and interruption requirements on neighbour carriers. In last meeting some companies discussed that due to transient period between PUCCH/PUSCH and SRS there shall be scheduling restriction defined on the serving carriers. To analyse whether the scheduling restriction is needed on the serving cell, we first look at the time mask requirement defined in 38.101-1 and 38.101-2. Time mask requirement from TS 38.101-1 and TS 38.101-2 is shown in figure 1 and 2 for reference.  
From figure 1 and 2 it can be observed that when there is a PUSCH/PUCCH transmission before or after the SRS transmission, 10 or 15 micro second transition period is defined. Further it can be observed from figure 2 that when there is an antenna port switching transient period is 15us.  
[image: ]
Figure 1: PUCCH/PUSCH/SRS time mask when there is a transmission before or after or both before and after SRS, when sounded on the same antenna
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Figure 2: PUCCH/PUSCH/SRS time mask when there is a transmission before or after or both before and after SRS, when sounded on a different antenna ports
Further from figure 1 and 2 we can observe that the transition period between PUCCH/PUSCH and SRS is in the PUCCH/PUSCH symbols. In the 10/15us transient period, UE have to meet the OFF power requirements. In our understanding, OFF power requirement means no transmission is allowed from the UE side for these 10/15us. Since there is no transmission allowed for the 10 or 15us, there cannot be any scheduling on the 10 or 15us. In FR1, 10 or 15 us corresponds to 1 OFDM symbol for all SCS. That means one OFDM before and after the SRS antenna port switching is not allowed for UE transmission. Based on the above analysis we make following proposal.
Proposal 1: RAN4 to agree that one OFDM symbol before and after the SRS antenna port switching shall be introduced as scheduling restriction for FR1. 
	Interruption due to SRS antenna port switch
In last meeting several sub issues such as components within interruption time and interruption granularity were discussed under this issue.
The components within interruption time of SRS antenna port switching in FR1:  Following WF [3] is agreed in last meeting.   
· FFS:
· Option 1: includes antenna switching time and SRS transmission time
· Option 1a: The interruption time for SRS antenna port switching comprises at least antenna switching time and SRS transmission time.
· Option 2: The guard period defined in TS 38.214 is considered as the antenna switching time when defining the interruption requirement. 
· If the signalling of txSwitchWithAnotherBand is reported, the interruption requirement at SRS antenna switching should be the guard period defined in TS 38.214 for the aggressor CCs in the band combination. 
· If the signalling of txSwitchImpactToRx is reported, the interruption requirement should include the guard period defined in TS 38.214 and SRS transmission time for the aggressor CCs in the band combination.
· Option 3: The interruption time of SRS antenna port switching in FR1 includes all guard symbols, all SRS symbols transmitted on other antenna port, and only one switching time.
· Option 4 : The components within interruption time of SRS antenna port switching in FR1 include:
· SRS antenna port switching time (transient time)
· SRS transmission time 
· Transient time before and after SRS transmission occasion
· Option 5 :
· Since UE stay connection with the serving CCs, the interruption time for SRS antenna port switching delay includes transient periods before and after SRS transmission, and it is not necessary to consider SRS transmission time.
· Option 6 :
· If victim CC and SRS transmission on aggressor CC are transmitted on the same antenna, interruption requirement shall include SRS antenna switching in delay/TP, SRS transmission, GP, SRS antenna switching back delay/TP.
· If victim CC and SRS transmission on aggressor CC are transmitted on the different antenna, interruption requirement shall include SRS antenna switching in delay/TP, SRS antenna switching back delay/TP only.
· Option 7:
· The components within interruption time is 
· Time to antenna switching before SRS transmission and SRS transmission time for ‘aperiodic’ SRS-ResourceSet
· Time to antenna switching before SRS transmission for ‘periodic’ or ‘semi-persistent’ SRS-ResourceSet
· Additionally, the time to switch back after SRS transmission depending on UE behaviour
· Option 8 :
· The interruption at SRS antenna switching shall be defined at least within the guard period in Table 6.2.1.2-1 of [TS38.214].
· The interruption requirement shall be defined when the SRS resources of a set in a slot are configured on the symbols which separated by exactly the minimum guard period.
· RAN4 shall discuss if the interruption requirements are defined when the SRS resources of a set in a slot are separated by a length larger than a minimum guard period.
Before starting to analyse components contributing to interruption window, we have to first confirm the possible SRS configuration. SRS can be scheduled in last six OFDM symbols of the slot. However, if only two OFDM symbols are scheduled for SRS resource, which two OFDM are scheduled out of these 6 symbols is upto NW implementation. However, for the sake of deriving the requirements we can assume that NW will not schedule PUSCH/PUCCH between two SRS resources. This is a reasonable assumption because NW can schedule the PUSCH/PUCCH before scheduling the SRS, than scheduling PUCCH/PUSCH in between the SRS resources.Figure 3: SRS interruption location analysis on victim CC due to SRS antenna port switching on aggressor CC

For further analysis of interruption due to SRS antenna port switching we consider two scenarios as shown in figure 3. 
1. SRS transmission when no SRS antenna port switching is involved
2. SRS transmission when SRS antenna port switching is involved
For scenario 1, since there are no SRS antenna port switching, we understand that there are no interrupts on victim CC due to SRS transmission on aggressor CC.
For Scenario 2, in our understanding SRS transmission involving SRS antenna port switching has following sequence of steps as shown in figure 3. 
· Transient period between PUCCH/PUSCH and SRS 
· SRS transmission
· Guard period
· Transient period between SRS and PUCCH/PUSCH transmission 

As shown in figure 3, Interruption is defined on victim CC due to SRS antenna port switching performed on aggressor CC. Interruption on victim CC further depends on whether victim CC is transmitting on the same antenna as aggressor antenna  or on different antenna. 

If victim CC and SRS transmission on aggressor CC are transmitted on the same antenna: In this case, we are assuming that UE is capable of transmitting simultaneously SRS and PUCCH/PUSCH on same antenna. In this case, as shown in figure 3, there are four (Interruption#1, 2, 3, and 4) possible places where interrupts can occur on victim CC, and for this case, all the four interrupts apply. Transmitting PUCCH/PUSCH on victim CC in between the interrupts may not be a good idea because of too many interrupts in a slot as it increases the scheduling complexity. Hence, our understanding is interruption in this case shall include all the three components i.e. TP before SRS transmission, SRS transmission, TP after SRS transmission.

Observation 1: If victim CC and SRS transmission on aggressor CC are transmitted on the same antenna, interruption requirement shall include TP before SRS transmission, SRS transmission, TP after SRS transmission.

If victim CC and SRS transmission on aggressor CC are transmitted on the different antenna: In this case, we are assuming that UE is capable of transmitting simultaneously SRS and PUCCH/PUSCH on different antenna. In this case, since the SRS transmission and victim CC PUSCH/PUCCH are on different antenna, interruption on victim CC will only be applicable during SRS antenna switching in delay (Interruption#1 in figure 3) and SRS antenna switching back delay (Interruption#4 in figure 4) components. That means as shown in figure 3, interruption experienced by victim CC will only be during interruption 1 and 4 and victim CC will not experience any interruption during interruption 2 and 3.  Hence, our understanding is interruption in this case shall include components such as TP before SRS transmission, TP after SRS transmission. 

If there is only one SRS antenna port switching delay, there are couple of interruptions within a slot. However, if there are more than one SRS antenna port switching within a slot, then there can be more than two interruptions within a slot. As discussed in previous scenario, transmitting PUCCH/PUSCH on victim CC in between the interrupts may not be a good idea because of too many interrupts in a slot may increase the scheduling complexity. Hence, our understanding is interruption in this case also shall include all the three components i.e. TP before SRS transmission, SRS transmission, TP after SRS transmission.

Observation 2: If victim CC and SRS transmission on aggressor CC are transmitted on the different antenna, interruption requirement shall include TP before SRS transmission, TP after SRS transmission. 
From observation 1 and 2, we can observe that for both scenarios interruption components are same. Based on observation 1 and 2 we make following proposal.
Proposal 2: RAN4 to agree that SRS antenna port switching interruption requirement shall include TP before SRS transmission, SRS transmission, and TP after SRS transmission
Granularity of the interruption:
In last meeting it was discussed whether the interruption should be defined in slots (as RAN4 interruption requirements are defined in slots for other features) or symbols. To analyse this we look at RAN1 specified text regarding this feature.
SRS antenna port switch requirements from the RAN1 spec. TS 38.214 is described below for reference. 
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with only one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't1r1-t1r2' for 1T=1R/1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r1-t1r2-t1r4' for 1T=1R/1T2R/1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1-t1r2-t2r2-t2r4' for 1T=1R/1T2R/2T=2R/2T4R, 't1r1-t1r2-t2r2-t1r4-t2r4' for 1T=1R/1T2R/2T=2R/1T4R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, 't1r1-t2r2' for 1T=1R/2T=2R, 't4r4' for 4T=4R, or 't1r1-t2r2-t4r4' for 1T=1R/2T=2R/4T=4R):
*************Text skipped****************
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.
If SRS resources are transmitted in the same slot, as per the highlighted text UE shall not transmit any other signal during the guard period of Y symbols. The value of Y as per 38.214 is shown in Table 1. Therefore we have to keep in mind that RAN1 defined guard period in number symbols.
Table 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



The reason for RAN1 defining guard period in terms of symbols is SRS antenna switching delay is in the order of 10 to 15 microsecond (which is less than the symbol length based on SCS). 
When RAN4 defined interruption in slots, delay value of particular procedure is in the multiples of symbols (in 100s of microsecond) and that is the reason why RAN4 defined interruption in slots. In this case, since the procedure delay is 10 or 15 us we could define in symbols itself.
Based on the above discussion, we do not see the need for defining interruption in slots for 15us impact on the victim CC and therefore we make following proposal.
Proposal 3: RAN4 to define interruption due to SRS antenna port switching in terms of symbols.     
	Impact of SRS antenna port switch on other RRM requirements
In the last meeting following WF [3] was agreed. 
· Option 1: No RRM requirement would be impacted by SRS antenna port switching. 
· Option 2: Regarding the impact of SRS antenna port switching to other RRM requirements, RAN4 would clarify the relaxation or applicability in those RRM requirements whose wanted DL RS or UL RS could be interrupted by SRS antenna port switching, e.g., the delay requirement could be extended if SRS antenna port switching happens during the UE procedure, or the requirement only applies when SRS antenna port switching is not colliding with the reference signal.
· Option 3: 
· No impact to NR measurement requirements relevant to measurements based on SSB/CSI-RS due to NR SRS antenna switching, as NR measurements are always prioritized.
· In EN-DC and NE-DC operation,
· NR SRS antenna switching colliding with E-UTRA measurement
· Interruptions on E-UTRA measurement in the interrupted carrier group are allowed due to NR SRS antenna switching, but NOT allowed due to NR SRS antenna switching for the carriers not in the interrupted carrier group. 
· Additional delay can be expected on E-UTRA measurement in the interrupted carrier group when UE is configured to perform NR SRS antenna switching. 
· NR SRS antenna switching is allowed to be dropped when colliding with E-UTRA measurement in the interrupted carrier group.
· E-UTRA SRS antenna switching colliding with NR measurement: FFS
· Option 4: For impact on other RRM requirements due to SRS antenna port switching, RAN4 shall consider SRS carrier switching as the baseline. RAN4 should first discuss and agree on timing misalignment value before discussion of SRS antenna port switch impact on gNB measurements.   
· Option 5: Add one note indicating the DL may be affected due to SRS antenna switching if txSwitchImpactToRx is configured.
· Option 6: 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).
· Option 7: Do not consider impact to timing measurements in R17 SRS antenna port switching.
· Option 8: TBD after the interruption of SRS antenna port switching is clarified
  
In our understanding SRS antenna port switching should follow the SRS carrier switching as baseline. From the options listed/discussed in the last meeting, option 3 is closest to the principle followed for defining SRS carrier switching requirements. 

Proposal 4:  RAN4 to agree that option 3 of the WF to be agreed as the principle to determine the impact of SRS antenna switching on other RRM requirements.  

1. 	Conclusion
In this contribution we have discussed SRS antenna port switching requirements and made the following proposals:
Proposal 1: RAN4 to agree that one OFDM symbol before and after the SRS antenna port switching shall be introduced as scheduling restriction for FR1.

Proposal 2: RAN4 to agree that SRS antenna port switching interruption requirement shall include TP before SRS transmission, SRS transmission, and TP after SRS transmission.

Proposal 3: RAN4 to define interruption due to SRS antenna port switching in terms of symbols.

Proposal 4:  RAN4 to agree that option 3 of the WF to be agreed as the principle to determine the impact of SRS antenna switching on other RRM requirements. 
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