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1 	Introduction
In last meeting, some issues have been concluded, e.g., the interruption requirement of SRS antenna port switching. The remaining issues are interruption component, asynchronous and priority rule. Our views on these open issues are provided in this paper.
2 Discussion
2.1 Scheduling restriction
In WF, one open issue as follows is whether and how to capture the scheduling restriction in TS 38.133.
	Issue 1-1-1: whether scheduling restriction requirement would be defined in RRM for SRS antenna port switching
· Agreements:
· Do not define the scheduling restriction on symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols in Rel-17
· Performance degradation on these symbols can be expected
· FFS whether and how to capture this in TS 38.133



Since the performance degradation is agreed in RAN4, the corresponding requirement should be defined clearly in T 38.133. Our suggestion is provided as follows:

[bookmark: _Ref85630769]Proposal 1: For scheduling restriction, the performance degradation should be specified in TS 38.133 clearly, e.g., "Performance degradation may be expected on the symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols on the carrier that UE performs SRS antenna port switch".

2.2 Impact of SRS antenna port switching
Intention of section 2.2 is to discuss whether the SRS antenna port switching will have impact due to other requirement. According to the WF in last meeting, two sub-sections will be discussed.
· Section 2.2.1 RRM requirement (L1-RSRP/L1-SINR)
· Section 2.2.2 CSF and other RS

2.2.1 RRM requirement(L1-RSRP/L1-SINR)
In the WF, three issues are provided as follows:
	Issue 1-2-1: Impact of SRS antenna port switching to RRM requirements in NR-SA 
· Agreement in 2nd round:
· For NR-SA, UE is not required to perform SRS antenna port switching when SRS resource and the NR measurement, i.e., L3 measurement and RLM/BFD/CBD, are scheduled in the same OFDM symbol.
· FFS when SRS resource and L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol.

Issue 1-2-2: Impact of SRS antenna port switching to RRM requirements in EN-DC or NE-DC 
· Agreements in 2nd round
· For EN-DC, UE is not required to perform SRS antenna port switching when SRS resource and the NR measurement, i.e., L3 measurement and RLM/BFD/CBD, are scheduled in the same OFDM symbol in the SCG.
· For NE-DC, UE is not required to perform SRS antenna port switching when SRS resource and the NR measurement, i.e., L3 measurement and RLM/BFD/CBD, are scheduled in the same OFDM symbol in the MCG.
· FFS on L1-RSRP/L1-SINR (follow the conclusion from issue 1-2-1)

Issue 1-2-3: Impact of SRS antenna port switching to RRM requirements in NR-DC 
· Agreements in 2nd round 
· For NR-DC, UE is not required to perform SRS antenna port switching when SRS resource and the NR measurement, i.e., L3 measurement and RLM/BFD/CBD, are scheduled in the same OFDM symbol in the same CG.
· FFS on L1-RSRP/L1-SINR (follow the conclusion from issue 1-2-1)



All of these issues have the same open issue, which is the priority rule between the SRS resource and RS for L1-RSRP/L1-SINR measurement. Unfortunately, in current RAN1 specification, there is no priority rule for the SRS resource and L1-RSRP/L1-SINR RS. But, there is a the priority rule for the SRS resource and L1-RSRP/L1-SINR report defined in clause 6.2.1.3 of TS 38.214, shown as Table 1 for reference.

[bookmark: _Ref85533620]Table 1. The priority rule for the SRS resource and L1-RSRP/L1-SINR report 
(clause 6.2.1.3 of TS 38.214)
	PUCCH/PUSCH for CSI (L1-RSRP/L1-SINR) reporting type
	SRS type
	Priority is given to 

	Periodic/Semi-Persistent
	Aperiodic 
	SRS

	Aperiodic 
	Aperiodic 
	SRS

	Aperiodic 
	Periodic/Semi-Persistent
	CSI reporting

	Periodic/Semi-Persistent
	Periodic/Semi-Persistent
	SRS



Our thinking is that if we can associate the report with RS, the priority rule defined in Table 1 can be reused between the SRS resource and L1-RSRP/L1-SINR RS. In other words, when SRS resource collides with L1-RSRP/L1-SINR RS, whether to transmit SRS resource is determined by the same rule between the SRS resource and the associated L1-RSRP/L1-SINR reporting type defined in section 6.2.1.3 of TS 38.214.

[bookmark: _Ref85535630][bookmark: _Ref85630776]Proposal 2: When SRS resource collides with L1-RSRP/L1-SINR RS, whether to transmit SRS resource is determined by the same rule between the SRS resource and the associated L1-RSRP/L1-SINR reporting type defined in section 6.2.1.3 of TS 38.214.

According to Table 5.2.1.4-1 of TS 38.214, the feasibility of the configuration between RS and report is provided as follows.

[bookmark: _Ref85535799]Table 2. The relation between CSI-RS RS and CSI-RS reporting type defined in 
Table 5.2.1.4-1 of TS 38.214.
	       Reporting 
Configuration
	Periodic CSI Reporting
	Semi-Persistent CSI Reporting
	Aperiodic CSI Reporting

	Periodic CSI-RS
	Supported
	Supported
	Supported

	Semi-Persistent CSI-RS
	Not Supported
	Supported
	Supported

	Aperiodic CSI-RS
	Not Supported
	Not Supported
	Supported



Based on the Table 1, Table 2 and the Proposal 2, the proposed priority rule for the SRS resource and RS for L1-RSRP/L1-SINR measurement can be summarized as following:

[bookmark: _Ref85536811]Table 3. The proposed priority rule for the SRS resource and RS for L1-RSRP/L1-SINR measurement.

	Measured RS for L1-RSRP/L1-SINR
	the associated L1-RSRP/L1-SINR reporting type
	SRS type
	Prioritization between SRS and measured RS

	periodic
	Periodic
	Periodic/ Semi-Persistent/ Aperiodic
	SRS

	periodic
	Semi-Persistent
	Periodic/ Semi-Persistent/ Aperiodic
	SRS

	periodic
	Aperiodic
	Periodic/ Semi-Persistent
	AP CSI

	
	
	Aperiodic
	AP SRS

	Semi-Persistent
	Semi-Persistent
	Periodic/ Semi-Persistent/ Aperiodic
	SRS

	Semi-Persistent
	Aperiodic
	Periodic/ Semi-Persistent
	AP CSI

	
	
	Aperiodic
	AP SRS

	Aperiodic
	Aperiodic
	Periodic/ Semi-Persistent
	AP CSI

	
	
	Aperiodic
	AP SRS



As can be seen from Table 3, there are only 3 cases that we need to prioritize CSI-RS over SRS. They are all about aperiodic CSI-RS report and non-aperiodic SRS. As a result, according to Table 3, the proposals for NR-SA, EN-DC, NE-DC and NR-DC are provided as follows.

[bookmark: _Ref85630789]Proposal 3: For NR-SA, UE is not required to perform SRS antenna port switching when periodic/semi-persistent SRS resource and the L1-RSRP/L1-SINR measurement RS for aperiodic report are scheduled in the same OFDM symbol. Otherwise, UE is required to perform SRS antenna port switching.

[bookmark: _Ref85630795]Proposal 4: For EN-DC, UE is not required to perform SRS antenna port switching when periodic/semi-persistent SRS resource and the L1-RSRP/L1-SINR measurement RS for aperiodic report are scheduled in the same OFDM symbol in the SCG. Otherwise, UE is required to perform SRS antenna port switching.

[bookmark: _Ref85630808]Proposal 5: For NE-DC, UE is not required to perform SRS antenna port switching when periodic/semi-persistent SRS resource and the L1-RSRP/L1-SINR measurement RS for aperiodic report are scheduled in the same OFDM symbol in the MCG. Otherwise, UE is required to perform SRS antenna port switching.

[bookmark: _Ref85630906]Proposal 6: For NR-DC, UE is not required to perform SRS antenna port switching when periodic/semi-persistent SRS resource and the L1-RSRP/L1-SINR measurement RS for aperiodic report are scheduled in the same OFDM symbol in the same CG. Otherwise, UE is required to perform SRS antenna port switching.

2.2.2 CSF and other RS

	Issue 1-2-5: Impact of SRS antenna port switching to CSF and other RS 
· FFS
· Option 1 (CATT): If it is necessary to check, RAN4 can make requirements and test for the collision cases of SRS and PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH according to the rules defined in clause 6.2.1 in RAN1specification.
· Option 2 (Apple, QC, OPPO, vivo): Scheduling of SRS antenna switching should avoid collision to all reference signals including CSI-IM except DMRS and UCI containing CSF report. If collision happens, it is considered as an error case and no UE requirement is imposed.
· Option 3 (vivo): Send LS to RAN1 to check the prioritization rule for SRS antenna switching, especially for the case in CA/DC operation.
· Option 3a (Ericsson, Nokia): Prioritization between scheduling of SRS antenna switching and transmission of certain signals and channels is to be handled by RAN1. If anything is unclear, RAN4 shall send LS to RAN1 and ask for clarification.
· Option 4 (Huawei, Ericsson, Nokia, CATT): Not to define the rules to avoid collisions except what has been define in RAN1 and NR measurement.



After the discussion in last meeting, we realize that UE may not be able to update the CSI state information to network if SRS antenna switching collide with all reference signals and UCI containing CSF report. Besides, for this case, we prefer to remove the “error case” in option 2. Because, in our understanding, the error case may imply that UE needs to follow the procedure defined in clause 10 in TS 38.331.

[bookmark: _Ref85630919]Proposal 7: Scheduling of SRS antenna switching should avoid collision to all reference signals including CSI-IM except DMRS and UCI containing CSF report. If a collision occurs, no UE requirement will be applied.


2.3 Interruption
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 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 8: Define the interruption requirement for SRS antenna port switching based on slot level.

Component

The total interruption time are 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 the value of 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, according to 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 1: The max number of symbols for SRS in one slot is 6, including SRS resource(s) and guard period for switching among SRS ports.

Besides, in our understanding, UE cannot transmit or receive the signals when SRS resources are transmitted. Thus, we need to include the SRS transmission time into the interruption.

(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 (with potential antenna port change), 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 9: The SRS antenna switching time is 15us.

[bookmark: _Ref61342826][bookmark: _Ref85630976]Proposal 10: The SRS antenna switching interruption time should be sum of
(A) SRS Transmission time (up to 6 symbols).
(B) 2 * 15us

UL TA and asynchronization DC

Both UL TA and asynchronization DC would result in an 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 11: RAN4 to define 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 12: The SRS antenna switching interruption requirement should be specified as follows.
Table 4. 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



2.4 priority rule
As we discussed in last meeting, in TS 38.214 shown as follows, there is no priority rule when two SRS resources have same time domain behaviour, i.e., when both of them are periodic, semi-persistent, or aperiodic. That scenario indeed might happen based on current specification. 
Section 6.2.1 in TS 38.214.

	In case a SRS resource with resourceType set as 'aperiodic' is triggered on the OFDM symbol(s) configured with periodic/semi-persistent SRS transmission, the UE shall transmit the aperiodic SRS resource and only the periodic/semi-persistent SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic/semi-persistent SRS symbol(s) that are not overlapped with the aperiodic SRS resource are transmitted. In case a SRS resource with resourceType set as 'semi-persistent' is triggered on the OFDM symbol(s) configured with periodic SRS transmission, the UE shall transmit the semi-persistent SRS resource and only the periodic SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic SRS symbol(s) that are not overlapped with the semi-persistent SRS resource are transmitted.



However, there is the same discussion in RAN1 and, in our understanding, they focus on the R17 feMIMO. To avoid the duplicated discussion, we would like to discuss the case of UE not supporting R17 feMIMO. Our suggestion for this issue is provided as follows:

[bookmark: _Ref78277602]Proposal 13: For SRS antenna port switching (FR1 only), when two SRS resources having the same time domain behavior are scheduled on the same OFDM symbol:
· For UE not supporting R17 feMIMO, whether to transmit the SRS is up to UE implementation.
· For UE supporting R17 feMIMO, follow the priority rule defined in RAN1 in R17, if any.
3 Summary
In this paper, the discussion of SRS antenna port switching is provided. We have the following proposal:
Proposal 1: For scheduling restriction, the performance degradation should be specified in TS 38.133 clearly, e.g., "Performance degradation may be expected on the symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols on the carrier that UE performs SRS antenna port switch".
Proposal 2: When SRS resource collides with L1-RSRP/L1-SINR RS, whether to transmit SRS resource is determined by the same rule between the SRS resource and the associated L1-RSRP/L1-SINR reporting type defined in section 6.2.1.3 of TS 38.214.
Proposal 3: For NR-SA, UE is not required to perform SRS antenna port switching when periodic/semi-persistent SRS resource and the L1-RSRP/L1-SINR measurement RS for aperiodic report are scheduled in the same OFDM symbol. Otherwise, UE is required to perform SRS antenna port switching.
Proposal 4: For EN-DC, UE is not required to perform SRS antenna port switching when periodic/semi-persistent SRS resource and the L1-RSRP/L1-SINR measurement RS for aperiodic report are scheduled in the same OFDM symbol in the SCG. Otherwise, UE is required to perform SRS antenna port switching.
Proposal 5: For NE-DC, UE is not required to perform SRS antenna port switching when periodic/semi-persistent SRS resource and the L1-RSRP/L1-SINR measurement RS for aperiodic report are scheduled in the same OFDM symbol in the MCG. Otherwise, UE is required to perform SRS antenna port switching.
Proposal 6: For NR-DC, UE is not required to perform SRS antenna port switching when periodic/semi-persistent SRS resource and the L1-RSRP/L1-SINR measurement RS for aperiodic report are scheduled in the same OFDM symbol in the same CG. Otherwise, UE is required to perform SRS antenna port switching.
Proposal 7: Scheduling of SRS antenna switching should avoid collision to all reference signals including CSI-IM except DMRS and UCI containing CSF report. If a collision occurs, no UE requirement will be applied.
Proposal 8: Define the interruption requirement for SRS antenna port switching based on slot level.

Observation 1: 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 9: The SRS antenna switching time is 15us.
Proposal 10: The SRS antenna switching interruption time should be sum of
(A) SRS Transmission time (up to 6 symbols).
(B) 2 * 15us
Proposal 11: RAN4 to define one single requirement to cover the synchronous and asynchronous scenarios with or without UL TA.
Proposal 12: The SRS antenna switching interruption requirement should be specified as follows.
Table 5. 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


Proposal 13: For SRS antenna port switching (FR1 only), when two SRS resources having the same time domain behavior are scheduled on the same OFDM symbol:
· For UE not supporting R17 feMIMO, whether to transmit the SRS is up to UE implementation.
· For UE supporting R17 feMIMO, follow the priority rule defined in RAN1 in R17, if any.
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