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Introduction
In this contribution, we present our view on SRS antenna port switching interruption requirement on the open issues listed in [1]. 
Discussion
SRS Antenna Switching Requirement Scope
In RAN4#99-e meeting, we discussed the scheduling restriction on the transient periods. Based on our understanding, the transient period in RF spec implies that NW can not schedule PUSCH/PUCCH during this period. Moreover, in the options listed for interruption time components in the WF[1], all the options include transient periods. Therefore, we expect that the interruption time covers the transient periods. When the interruption requirement already considers the transient period, we do not see the necessity to specify the scheduling restriction requirement. Network knows interruptions on UL and DL based on the interruption requirement, and no transmission should be scheduled. 
Proposal 1: Do not specify the scheduling restriction on the transient periods since the interruption requirement already covers the transient period.
Carriers being Interrupted during SRS Antenna Switching
In 38.331, the following IEs are defined to signal SRS Tx switch interruption in a band combo (description is included in the bottom of section 2)
    srs-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                            OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                            OPTIONAL

The IE txSwitchImpactToRx signals Rx band group and txSwitchWithAnotherBand signals Tx band group in SRS Tx switch. In RAN4 tests, TE counts missing ACK/NACK feedback with continuous DL grants to determine interruption length. The interruptions on both DL and UL result in missing ACK/NACK detected by TE. Therefore, considering identical interruptions on both DL and UL simplifies test procedure design. 
Therefore, we propose to define the bands being interrupted as the union of two carrier groups. The two groups are: (1) The band group specified in txSwitchImpactToRx contains the SRS antenna switching carrier (2) The band group specified in txSwitchWithAnotherBand contains the SRS antenna switching carrier. We call this group “interrupted carrier group” in the rest of this paper.
Proposal 2: SRS antenna switching interruptions on both DL and UL applies to the band combinations signaled in txSwitchImpactToRx or txSwitchWithAnotherBand. 
Prioritization of SRS Antenna Switching and Measurement
In WF[1], there are a few open issues on SRS antenna switching and measurement/reference signal prioritization:
· Prioritization of SRS antenna switching and L1-RSRP/L1-SINR, RLM/BFD/CBD measurement in NR-SA
· Prioritization in NR-DC
· Prioritization for handover, BWP switching, SCell activation/deactivation
· Prioritization for CSF and other RS
As commented by other companies in RAN4#99e meeting, L1-RSRP measurement priority over SRS antenna switching is defined in RAN1 specification already. However, the priority between RLM/BFD/CBD and SRS antenna switching is left open. We propose prioritizing RLM/BFD/CBD measurements over SRS antenna switching and capturing this prioritization rule in RAN4 specification. RLM/BFD/CBD measurements are for connectivity, and they are more important than L3 measurement for mobility. Given that L3 measurement is prioritized over SRS antenna switching, RLM/BFD/CBD measurement should be with higher priority than SRS antenna switching. Therefore, there is no impact on RLM/BFD/CBD measurement due to SRS antenna switching.
Proposal 3: No impact on NR RLM/BFD/CBD measurement requirements due to NR SRS antenna switching, as NR RLM/BFD/CBD measurements are always prioritized.
For NR-DC, since both MCG and NCG are in the same RAT, UE can handle the collision as in NR-SA. 
Proposal 4: RRM measurement and SRS antenna switching prioritization in NR-DC follows NR-SA.
We don’t see how SRS antenna switching can collide with handover and Scell activation/deactivation. SRS transmission is supposed to happen after handover and activation are complete. When an Scell is being deactivated, we don’t think network can schedule SRS transmission on that Scell. RAN4 specification already prohibited UL transmission during UL BWP switching. Hence collision of SRS antenna switching and UL BWP switching can’t happen.
Proposal 5: Do not specify the requirement for SRS antenna switching colliding with handover, BWP switching, SCell activation/deactivation.
Note that SRS antenna switching can be periodic and network can schedule SRS antenna switching more often than SRS carrier switching. When SRS antenna switching frequently collides with other reference signals, e.g., TRS or CSI-RS for CSF purpose, UE loses opportunities for long-term channel statistics tracking and reporting CSI to gNB. Therefore, the collisions have a significant impact on the demod performance. SRS antenna switching scheduling should avoid collision to all reference signals, including CSI-IM, except DMRS, and UCI containing CSF report, to prevent demod performance impact.
Proposal 6: 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.
SRS Antenna Switching Interruption Time
The first open issue in interruption time discussion is the unit for interruption time. We should decide the interruption time unit based on how the base station can schedule transmission according to the interruption time specification. gNB needs to dynamically allocate flexible or mini slots to the uninterrupted symbols whenever SRS antenna switching is scheduled to utilize the interruption time in a symbol unit. This very complicated dynamic allocation scheme incurs a significant processing and complexity burden on gNB with only a few symbols gain. We consider this as not practical for gNB implementation. Moreover, the interrupted carriers’ timing difference should be within 1 symbol for asynchronized carriers to allow the base station to schedule traffic according to the symbol unit interruption time. However, MRTD and MTTD are larger than the symbol length of 60kHz SCS and close to 30kHz SCS. Therefore, the number of symbols being interrupted depends on the alignment across carriers. Based on the above explanation, we can conclude that gNB resource allocation scheme can only leverage the slot unit interruption time. Therefore we propose to specify the slot unit interruption time.
Proposal 7: Interruption time is specified in the unit of a slot.
Whether to consider synchronized and asynchronized carriers differently when setting the requirement is another issue being discussed in RAN4#99e. The proponents of separated requirements argued that SRS antenna switching causes less interruption on synchronized carriers. However, when SRS transmission is on the last symbol in a slot, the 15us transient period still interrupts the following slot even when the carriers are synchronized. Therefore, we have the same interruption on synchronized and asynchronized carriers due to the transient period after SRS transmission. In this case, we don’t see any benefit of specifying the interruption requirement for synchronized and asynchronized carriers separately.
Proposal 8: Interruption requirement is the same for synchronized and asynchronized carriers.
The next open issue is the components to be considered in the interruption time calculation. Most companies agreed that the two transient periods before and after the SRS transmission and the guard symbol for SRS antenna switching incur interruptions on applicable carriers. The difference between the proposals discussed in the previous meeting is counting the SRS symbol transmission time into the interruption time calculation. 
As explained above, we need to consider how gNB can utilize the interruption information to schedule transmission when defining requirements., Therefore, we first discuss whether gNB can use the resource in between multiple non-consecutive interruptions within 1 slot for scheduling transmission. In order to utilize the SRS symbol transmission time between the interruptions, gNB has to dynamically schedule transmissions with one or two symbols duration to squeeze in signals in between the interruptions of two SRS antenna switchings or the transient periods. Based on our understanding, there is no feasible protocol or schemes to achieve this allocation efficiently. If it is not possible, consider the following case:
Consider an SRS antenna switching with pattern T0-T1-T0. Suppose the interruption time excludes the T1 SRS symbol transmission time, and it’s not possible for gNB to utilize the T1 SRS symbol transmission time to schedule anything on other carriers. In this case, T1 between the two antenna switch guard period is part of the interruption. When we consider the transient periods before and after SRS transmission, in the case T0-T1, there are three interruptions with T0 and T1 in between. The three interruptions are the two transient periods before and after the SRS transmission, and the antenna switching guard period between T0 and T1. Then T0 and T1 are both parts of the interruption.
Observation 1: If gNB can’t utilize the SRS symbol transmission time between transient or guard periods, the SRS symbol transmission time is part of the interruption duration.
Therefore, we propose to consider the SRS transmission time as part of the interruption time calculation. Therefore, the interruption time of SRS antenna switching in a slot includes (1) Transient periods before and after SRS transmission (2) SRS symbol transmission (3) Guard symbols as one interruption time. 
Note that (2) and (3) can occupy up to 6 symbols in the slot. Therefore, the interruption time is two transient periods and the 6 symbols for SRS transmission, and this interruption time applies across all possible SRS transmission configurations in one slot.

Figure 2‑1 Guard symbols for SRS antenna switching [2]

Proposal 9: Interruption time is the summation of the 2 transient period and 6 symbol time.
With 15us transient period before and after the first and last SRS resources, we list the total interruption time for SRS antenna switching in the following table for different SCSs:
	 
	SCS (kHz)

	 
	15
	30
	60

	Symbol Duration
	66.67
	33.335
	16.6675

	CP
	4.69
	2.345
	1.1725

	Total Symbol Length
	71.36
	35.68
	17.84

	transient time
	30
	30
	30

	total time
	458.16
	244.08
	137.04


Table 2‑1 Total SRS time with up to 4 antenna switch resources configured
Following the derivation of SRS carrier switching interruption, which is specified in the unit of slot, under the assumption of asynchronized carriers, the interruption length can be derived as
	
	Interruption Length (slots)

	Victim SCS (kHz)
	15
	30
	60

	15
	2
	2
	2

	30
	2
	2
	2

	60
	3
	2
	2

	120
	5
	3
	3


Table 2‑2 SRS antenna switch interruption
In EN-DC, interruption on LTE carrier is the same as victim SCS = 15kHz case in NR SA.
Proposal 10: SRS antenna switch interruption is specified as Table 2-2 for NR SA. In EN-DC, interruption on LTE carrier is the same as victim SCS = 15kHz case in NR SA.
Conclusion
Proposal 1: Do not specify the scheduling restriction on the transient periods since the interruption requirement already covers the transient period.
Proposal 2: SRS antenna switching interruptions on both DL and UL applies to the band combinations signaled in txSwitchImpactToRx or txSwitchWithAnotherBand. 
Proposal 3: No impact on NR RLM/BFD/CBD measurement requirements due to NR SRS antenna switching, as NR RLM/BFD/CBD measurements are always prioritized.
Proposal 4: RRM measurement and SRS antenna switching prioritization in NR-DC follows NR-SA.
Proposal: Do not specify the requirement for SRS antenna switching colliding with handover, BWP switching, SCell activation/deactivation.
Proposal 5: Do not specify the requirement for SRS antenna switching colliding with handover, BWP switching, SCell activation/deactivation.
Proposal 6: 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.
Proposal 7: Interruption time is specified in the unit of a slot.
Proposal 8: Interruption requirement is the same for synchronized and asynchronized carriers.
Observation 1: If gNB can’t utilize the SRS symbol transmission time between transient or guard periods, the SRS symbol transmission time is part of the interruption duration.
Proposal 9: Interruption time is the summation of the 2 transient period and 6 symbol time.
Proposal 10: SRS antenna switch interruption is specified as Table 2-2 for NR SA. In EN-DC, interruption on LTE carrier is the same as victim SCS = 15kHz case in NR SA.
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