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1   Introduction
In this contribution, we present our view on SRS antenna port switching interruption requirement on the open issues listed in [1]. 
2   Discussion
2.1   SRS Antenna Switching Requirement Scope

It was agreed in the previous meeting that SRS antenna switching interruption requirement will be specified for FR1. It is less likely to have different number of Tx and Rx antenna for FR2, hence SRS antenna switching is less relevant for FR2. Besides, no antenna switching requirement is specified for FR2. Without antenna switching RF requirement, RAN4 can’t specify RRM requirement. 

SRS antenna switching delay is determined solely by RF specification, i.e., the transition period and guard period. Therefore, there is no need for RRM to specify the same requirement. 

Proposal 1: Do not specify RRM requirement for FR2 SRS antenna switching. Do not specify SRS antenna switching delay requirement in RRM.

2.2   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

In txSwitchImpactToRx, Rx carrier group is signaled, and in txSwitchWithAnotherBand, Tx carrier group is signaled. Since interruption includes impact on both DL and UL on each carrier, the carriers being interrupted are the union of two carrier groups. The two groups are: (1) The carrier group specified in txSwitchImpactToRx that contains the SRS antenna switching carrier (2) The carrier group specified in txSwitchWithAnotherBand that contains the SRS antenna switching carrier. We call this group “interrupted carrier group” in the rest of this paper.
Note that in RAN4 tests, interruption length is determined by missing ACK/NACK feedback with continuous DL grant. Regardless of interruption on DL or UL, missing ACK/NACK is detected by TE. Therefore, both DL and UL interruptions are counted in RAN4 current test mechanism.
Proposal 2: The carriers being interrupted are the union of the carrier groups specified in txSwitchImpactToRx and in txSwitchWithAnotherBand that contains the SRS antenna switching carrier. 
2.3   Prioritization of SRS Antenna Switching and Measurement

In R16 SRS carrier switching requirement discussion, it was agreed that measurement is prioritized over SRS carrier switching if the measurement and SRS carrier switching are within the same RAT. Therefore, NR measurement is prioritized over SRS carrier switching. 

However, when SRS carrier switching and measurement are in different RAT, interruption on measurement is possible since it is not feasible for UE to coordinate the two procedures across-RAT. Therefore, the resolution for the collision between SRS carrier switching and measurement across RAT is up to UE implementation.

For SRS antenna switching, RAN4 should follow the same principle. If DL is interrupted by SRS antenna switching, measurement should be prioritized if they are in the same RAT. Otherwise, the resolution for the collision between SRS antenna switching and measurement across RAT is up to UE implementation.

Proposal 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.

Proposal 4: 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
· Interruptions on NR measurement in the interrupted carrier group are allowed due to LTE SRS antenna switching, but NOT allowed due to E-UTRA SRS antenna switching for the carriers not in the interrupted carrier group. 
· Additional delay can be expected on NR measurement in the interrupted carrier group when UE is configured to perform E-UTRA SRS antenna switching. 
· E-UTRA SRS antenna switching is allowed to be dropped when colliding with NR measurement in the interrupted carrier group.
2.4   SRS Antenna Switching Interruption Time

The first open issue in interruption time discussion is the unit for specifying interruption time. As explained in the previous section, interruption is on both UL and DL carriers in RAN4 requirement. Hence configuring an appropriate TDD pattern to avoid interruption on UL or DL is not feasible. Moreover, to leverage symbol level interruption, carriers’ timing difference should be within 1 symbol for asynchronized carriers. However, MRTD and MTTD are larger than the symbol length of 60kHz SCS and very close to 30kHz SCS. Therefore, the number of symbols being interrupted depends on the alignment across carriers. However, if interruption length is specified in slot level, we no longer encounter such issues.
Proposal 5: Interruption time is specified in the unit of slot.
The next open issue for interruption time is whether different requirements should be specified for different supportedSRS-TxPortSwitch configurations. SRS transmission including guard symbols can occupy up to last 6 symbols in a slot regardless of the configuration (1T2R, 1T4R etc). Both the transient periods at the beginning and the end of SRS transmission and the guard symbols for antenna switching within the 6 symbols included in SRS transmission can cause interruption to the carriers in the group defined in proposal 2. Note that there could be multiple guard symbols within the 6 symbols. Therefore, we propose to count transient periods and the 6 symbols for SRS transmission into the interruption time that applies across all possible SRS transmission configurations in one slot.
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Figure 2‑1 Guard symbols for SRS antenna switching [2]
Proposal 6: Interruption time is specified based on 2 transient period and 6 symbol time.
With 10us transient period before and after the first and last SRS resource, the total time for SRS is calculated 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
	20
	20
	20

	total time
	448.16
	234.08
	127.04


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


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 7: 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.
	srs-TxSwitch, srs-TxSwitch-v1610
Defines whether UE supports SRS for DL CSI acquisition as defined in clause 6.2.1.2 of TS 38.214 [12]. The capability signalling comprises of the following parameters:
-     supportedSRS-TxPortSwitch indicates SRS Tx port switching pattern supported by the UE, which is mandatory with capability signaling. The indicated UE antenna switching capability of ′xTyR′ corresponds to a UE, capable of SRS transmission on ′x′ antenna ports over total of ′y′ antennas, where ′y′ corresponds to all or subset of UE receive antennas, where 2T4R is two pairs of antennas. supportedSRS-TxPortSwitch-v1610, which is optional to report, indicates downgrading configuration of SRS Tx port switching pattern. If the UE indicates the support of downgrading configuration of SRS Tx port switching pattern using supportedSRS-TxPortSwitch-v1610, the UE shall report the values for this as below, based on what is reported in supportedSRS-TxPortSwitch.

supportedSRS-TxPortSwitch
supportedSRS-TxPortSwitch-v1610
t1r2

t1r1-t1r2

t1r4

t1r1-t1r2-t1r4

t2r4

t1r1-t1r2-t2r2-t2r4

t2r2

t1r1-t2r2

t4r4

t1r1-t2r2-t4r4

t1r4-t2r4

t1r1-t1r2-t2r2-t1r4-t2r4

-     txSwitchImpactToRx indicates the entry number of the first-listed band with UL (see NOTE) in the band combination that affects this DL, which is mandatory with capability signaling;

-     txSwitchWithAnotherBand indicates the entry number of the first-listed band with UL (see NOTE) in the band combination that switches together with this UL, which is mandatory with capability signaling.

For txSwitchImpactToRx and txSwitchWithAnotherBand, value 1 means first entry, value 2 means second entry and so on. All DL and UL that switch together indicate the same entry number.
The entry number is the band entry number in a band combination. The UE is restricted not to include fallback band combinations for the purpose of indicating different SRS antenna switching capabilities.
NOTE:      The first-listed band with UL includes a band associated with FeatureSetUplinkId set to 0 corresponding to the support of SRS-SwitchingTimeNR.


3   Conclusion
Proposal 1: Do not specify RRM requirement for FR2 SRS antenna switching. Do not specify SRS antenna switching delay requirement in RRM.

Proposal 2: The carriers being interrupted are the union of the carrier groups specified in txSwitchImpactToRx and in txSwitchWithAnotherBand that contains the SRS antenna switching carrier. 
Proposal 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.

Proposal 4: 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
· Interruptions on NR measurement in the interrupted carrier group are allowed due to LTE SRS antenna switching, but NOT allowed due to E-UTRA SRS antenna switching for the carriers not in the interrupted carrier group. 
· Additional delay can be expected on NR measurement in the interrupted carrier group when UE is configured to perform E-UTRA SRS antenna switching. 
· E-UTRA SRS antenna switching is allowed to be dropped when colliding with NR measurement in the interrupted carrier group.
Proposal 5: Interruption time is specified in the unit of slot.

Proposal 6: Interruption time is specified based on 2 transient period and 6 symbol time.
Proposal 7: SRS antenna switch interruption is specified as the following table for NR SA. In EN-DC, interruption on LTE carrier is the same as victim SCS = 15kHz case in NR SA.
	
	Interruption Length (slots)

	Victim SCS (kHz)
	15
	30
	60

	15
	2
	2
	2

	30
	2
	2
	2

	60
	3
	2
	2
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