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1. Introduction
In the WID of R17 RRM further enhancement [1], the working scope of SRS antenna port switching is as below,
· SRS antenna port switching [RAN4]
· Specify RRM requirement for SRS antenna port switching, e.g.
· Interruption requirement
· Potential impact on other RRM requirements
In last RAN4 meeting, the work plan has been agreed for this WID, as duplicated below,
· 3GPP RAN4 #98e meeting (February, 2021, 1.5TU, Core part)
· SRS antenna port switching [RAN4] 
· Initial discussion on Interruption requirement
· Initial discussion on the impact(s) to other RRM requirements
In this contribution we discuss the preliminary RRM requirements for SRS antenna port switching.
2. Discussion on R17 working scope
Since in the WID discussion only NR SRS antenna switching scenario is considered, in the R17 FeRRM WI only RRM requirement of NR SRS antenna port switching would be discussed, that is, no any LTE side SRS switching would be discussed.
Proposal 1: In the R17 FeRRM WI only RRM requirement of NR SRS antenna port switching would be discussed, including following cases:
· NR SRS antenna port switching impacting LTE CC
· NR SRS antenna port switching impacting NR CC

In current RAN4 TS38.133, we have defined interruption requirement for SRS carrier based switching and some of the clarifications are added for the impacting to other RRM requirements, which is like the following wording:
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Regarding the SRS antenna port switching, we think the same methodology could be used, 
Proposal 2: like carrier based SRS switching, RAN4 would specify the interruption requirements for SRS antenna switching and would add clarification in other RRM requirement for application conditions.
3. Interruption requirement for SRS antenna port switching
In RAN2 TS38.306 spec, it was defined that,
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When UE support SRS antenna port switching for DL CSI acquisition, it could indicate the capability of the impact to other Rx. And in RAN4 RF spec TS38.101-1/2, the SRS time mask has been defined, in which the uplink transmission on other uplink CCs would also be impacted since the SRS antenna switching without involving carrier frequency change needs to conduct the PA ramp down/up and antenna switching from one port to the other port. In RAN4 RF, only FR1 has the time mask for SRS antenna switching (For sounding different antenna ports, RAN4 has agreed that antenna switching time is 15 us in R4-1710048), but in RAN1 design, the guard period is defined for both FR1 and FR2.
The followings are SRS time mask from RAN4: TS38.101-1
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The guard period in RAN1 TS38.214 is defined as below,
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In our understanding, RAN1 has chosen to use the most conservative way to define the guard period and no signals would be expected to transmit in guard period. We propose to use the RAN1 guard period as baseline to determine the interruption requirement. However, similar as other RRM interruption requirements, even though the GP is at symbol level, but the interruption requirement shall still be defined in unit of slot for NR and in unit of subframe for LTE. 
Proposal 3: use RAN1 defined guard period Y as a baseline for interruption requirement design. And the interruption requirement shall be defined in unit of slot for NR and in unit of subframe for LTE respectively.
With this guard period we also to consider the TA between DL and UL as well as the time difference between CCs in CA. With the TA, the GP might be collided with two DL slots if the victim cell is NR, as shown in figure 1.
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Figure 1. interruption to DL due to TA
Regarding the different CA scenarios, in R16 carrier based SRS switching, we have conclusion in R4-2012155 that,
· Interruption requirements for CA case 1, case 2 and case 3
· The same interruption requirements as for async case in the spec shall apply
Where,
· Case 1: CA is co-location deployed
· Case 2: Single TAG CA, or carriers in the same TAG for multiple TAG CA
· Case 3: uplink time difference does not exceed a threshold X
· X = [5] us
So here, we think the same principle shall be applied. With those assumptions, we think 2 slots/subframes of interruption could be sufficient for all the SCS cases on victim cell. In addition, the per-FR MG UE capability still needs to be taken into account. In different MR-DC mode, the interruption could be summarized as below,
In EN-DC and NE-DC operation,
· For UE capable of per-FR gap,
· Interruptions on E-UTRA are allowed due to NR SRS antenna port switching in FR1, but NOT allowed due to NR SRS antenna port switching in FR2.
· Additional delay can be expected on E-UTRA measurement when UE is configured to perform NR SRS antenna port switching in FR1.
· For UE not capable of per-FR gap, 
· Interruptions on E-UTRA are allowed due to NR SRS antenna port switching in both FR1 and FR2.
· Additional delay can be expected on E-UTRA measurement when UE is configured to perform NR SRS antenna port switching in FR1 and/or in FR2.
In NR-DC and NR SA operation,
· For UE capable of per-FR gap,
· Interruptions on NR are allowed if NR SRS antenna port switching happens in the same FR as victim NR CC, otherwise NOT allowed.
· Additional delay can be expected on a target NR measurement when UE is configured to perform NR SRS antenna port switching in the same FR as this measurement.
· For UE not capable of per-FR gap, 
· Interruptions on NR are allowed due to NR SRS antenna port switching in both FR1 and FR2.
· Additional delay can be expected on NR measurement when UE is configured to perform NR SRS antenna port switching in FR1 and/or in FR2.
Proposal 4: 
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.
Proposal 5: if NR SRS antenna switching causes interruption to LTE serving CC, the interruption is 2 subframes; while if NR SRS antenna switching causes interruption to NR serving CC, the interruption is 2 slots based on the SCS of the victim CC.
4. Conclusion
In this contribution we discuss the preliminary RRM requirements for SRS antenna port switching.
Proposal 1: In the R17 FeRRM WI only RRM requirement of NR SRS antenna port switching would be discussed, including following cases:
· NR SRS antenna port switching impacting LTE CC
· NR SRS antenna port switching impacting NR CC
Proposal 2: like carrier based SRS switching, RAN4 would specify the interruption requirements for SRS antenna switching and would add clarification in other RRM requirement for application conditions.
Proposal 3: use RAN1 defined guard period Y as a baseline for interruption requirement design. And the interruption requirement shall be defined in unit of slot for NR and in unit of subframe for LTE respectively.
Proposal 4: 
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.
Proposal 5: if NR SRS antenna switching causes interruption to LTE serving CC, the interruption is 2 subframes; while if NR SRS antenna switching causes interruption to NR serving CC, the interruption is 2 slots based on the SCS of the victim CC.
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Figure 6.3.3.6-5: FR1 Time mask for 15 kHz and 30 kHz SCS for the case when consecutive SRS
switching usage is between antenna switching & other sets
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Figure 6.3.3.6-5: FR1 Time mask for 15 kHz and 30 kHz SCS for the case when consecutive SRS 

switching usage is between antenna switching & other sets 

where "other sets" belongs to a "usage set" other than the set for antenna switching. The usage sets for SRS switching 

are defined in clause 6.2.1 of TS 38.214 [10]. 

The above transient period applies to all the transmit CCs in CA with the CC sounding SRS. UE RF requirements do 

not apply during this transient period. 

6.3.3.7 PUSCH-PUCCH and PUSCH-SRS time masks 

The PUCCH/PUSCH/SRS time mask defines the observation period between sounding reference symbol (SRS) and an 

adjacent PUSCH/PUCCH symbol and subsequent UL transmissions. The time masks apply for all types of frame 

structures and their allowed PUCCH/PUSCH/SRS transmissions unless otherwise stated. 

 

Figure 6.3.3.7-1: 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 (Ant 'x') 
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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.

The UE shall expect to be configured with the same number of SRS ports for all SRS resources in the SRS resource
set(s) with higher layer parameter usage set as 'antennaSwitching'.
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The value of Y is defined by Table 6.2.1.2-1.

Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for
antenna switching

M Af = 2% .15 [kHz] Y [symbol]
0 15 1
1 30 1
2 60 1
3 120 2
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The requirements in this clause shall also apply, when the UE is configured to perform SRS carrier based switching and
using measurement gaps.
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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
tir2 tir1-t1r2
tir4 tir1-t1r2-tir4
t2r4 t1r1-t1r2-t2r2-t2r4
t2r2 tir1-t2r2
t4r4 t1r1-t2r2-t4r4
t1r4-t2r4 t1r1-t1r2-t2r2-t1r4-t2r4

txSwitchlmpactToRx 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.

BC

FD

N/A

N/A
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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. 

BC  FD  N/A  N/A 


