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Introduction
In RAN4 98e-bis, the WF R4-2105786 was agreed in [1]. In this paper our views on RRM requirements impacts for SRS antenna port switching are provided.
Discussion on the impact to scheduling for SRS antenna switching requirements
In last meeting, the following was discussed.
· Issue 1-1-1: whether delay requirement would be defined in RRM for SRS antenna port switching
· Agreements:
· 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

On this issue, the current status of the spec is that 
· In TS 38.214[2] clause 6.2.1.2, guard period is defined as “at least 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”. Y=1 for 15/30/60 kHz SCS, and Y=2 for 120kHz SCS.
· In TS 38.101-1[3] clause 6.3.3, transient periods for SRS, and PUSCH-SRS time masks are defined. Actually the transient periods for the cases when antenna port is not switched, are extensively discussed in RF session in R16. UE capability was introduced to differentiate UE’s power adjustment performance, so that the impact to EVM and/or network scheduling is minimized. The final CR [4] was approved in R16. The conclusion in R16 RF session includes the following aspects:
· For the transient period, there was no scheduling restriction defined in the spec. Based on the requirements it is actually a window for EVM relaxation.
· For the cases when antenna port is switched, there is no enhancement in R16 and hence the transient period is still 15us for FR1.
Firstly, it can be observed from RAN1 spec, only the guard period between SRS resources of the set is specified. On the other hand, the potential separation between SRS and PUSCH are only specified as transient periods in RF specs.
Secondly, for the case between SRS and PUSCH/PUCCH, so far the transient period enhancement in R16 has only specified a window for EVM relaxation. It means that if network is able to endure the EVM performance loss due to power adjustment, the scheduling restriction is not needed. However, if the scheduling on the symbols before and after SRS transmission is still conducted, and the needed transient period is larger than CP or 2CP, the EVM performance degradation can impact the overall throughput of both uplink and downlink. For 15us transient period for SRS antenna switching, the problem would be more significant. Therefore, it is better to specify some scheduling restrictions in RRM spec for the case that antenna port is switched.
Thirdly, based on above information, especially in RF session discussion, the antenna switching time is considered as 15 us so far. Below a table is provided on the length of CP and OFDM symbol(incl. CP) for the various SCSs.
	SCS
[kHz]
	CP length
[us]
	OFDM symbol (incl. CP)
[us]

	15
	4.7 ~ 5.2
	71.3 ~ 71.8 

	30
	2.3 ~ 2.9
	35.7 ~ 36.2

	60 (Normal)
	1.2 ~ 1.6
	17.8 ~ 18.4

	60 (Extended)
	4.2
	20.8

	120
	0.6 ~ 1.1
	8.9 ~ 9.4


Table 1  Length of CP and OFDM symbol(incl. CP) for the different SCSs
Table 1 can be regarded as one explanation why Y symbols gap is specified in 38.214. Comparing 15us to the various lengths above, especially for FR1, it is clear that 15us is a loose requirement. To accommodate such 15us switching time, a guard period with 35~72 us is specified for the case between SRS antenna ports, considering 15kHz or 30kHz SCS for FR1 is most popular. This guard period is possibly not needed for some higher capability UE. This is similar to what was discussed in RF session in R16 for the transient period. 
To better illustrate the problem, we further provide Figure 1 as follows. The red part is the SRS transmission configured in S slot. The green part is the scheduled PUSCH in U slot. To limit the impact to uplink resource, SRS is always scheduled in the last 2 symbols of S slot. If the 15us transient period can be regarded as one kind of scheduling restriction, then based on R15 requirements the last symbol of S slot may not be scheduled in any cases, if the number of available symbols for U slot is always 28. This would cause waste of resources in S slot. Note that only periodic SRS is defined for most SRS antenna switching patterns in RAN1 spec. 
However, according to previous discussion, 15us can be a loose requirement. This means some UEs would be able to conduct SRS antenna switching within a period much less than 15us. For example, keeping switching time within CP or 2CP is possible. But without UE capability reporting, network may not be able to obtain information on the supported minimal separation between SRS and PUSCH for a certain UE.
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Figure 1 Configured SRS for antenna switching and the scheduled PUSCH transmission
Observation 1  RAN1 spec has only specified gaps between SRSs, while the transient period in RAN4 RF spec covers the case of potential separation between SRS and PUSCH/PUCCH.
Observation 2  The transient period specified in RF spec is only a window for EVM relaxation, and it is up to network whether to schedule the symbol(s) before and after SRS transmission when the antenna port is switched.
Observation 3  Similar to what was discussed for transient periods in RF session in R16, 15us transient period for SRS antenna switching can be a loose requirement for some higher capability UE.
Proposal 1  Specify scheduling restriction before and after SRS transmission, when the antenna port is switched, for the cell with SRS antenna port switching in R17 for FR1.
Proposal 2  For scheduling restriction before and after SRS transmission, when antenna port is switched, RAN4 should consider to specify UE capability to differentiate the needed minimal scheduling restriction, similar to the transient period capability defined in R16.
In last meeting, the following was discussed.
· Issue 1-1-4: Impact of SRS antenna port switching to positioning related requirements 
· FFS:
· Option 1 The impact of SRS antenna switching on positioning related measurement will not be discussed in this Rel-17 FeRRM
· Option 2 (Ericsson): Discuss the impact of SRS antenna switching on positioning related measurement in this Rel-17 FeRRM.

In our understanding, such timing requirements for SRS antenna switching are mostly used for positioning. If there is issue on positioning requirements, discussion should be better taken in the positioning WI. Therefore, we do not think timing measurements needs to be considered at least in R17 FeRRM WI.
Proposal 3  Do not consider impact to timing measurements in R17 SRS antenna port switching in R17 FeRRM WI.
For SRS carrier switching, the collision case and the prioritization rule is already specified in TS 38.214 and TS 38.133. However, for SRS antenna port switching, no prioritization rule has been specified in RAN1 spec. In our understanding, the purpose of SRS antenna port switching is to provide DL CSI in DL-UL-reciprocal channel, and it should not be prioritized over some other procedures, e.g.
· SSB/CSI-RS for L1/L3 measurements
· PUSCH/PUCCH transmission with priority index 1 or DL pre-emption transmission
· PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH
· PUSCH transmission carrying aperiodic CSI (if periodic/semi-persistent SRS resources are configured)
Moreover, as specified in RAN1 TS 38.214 spec, the collision case for SRS and uplink transmission was defined. However, there was no definition on the needed interruptions caused by SRS antenna switching. This interruption is mainly for the symbol(s) before and after SRS transmission. This is quite different from the RAN1 definition provided below
In case of intra-band carrier aggregation or in inter-band CA band combination if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by UE, the UE is not expected to be configured with SRS from a carrier and PUSCH/UL DM-RS/UL PT-RS/PUCCH formats from a different carrier in the same symbol.
In case of intra-band carrier aggregation or in inter-band CA band combination if simultaneous SRS and PRACH transmissions are not supported by UE, the UE shall not transmit simultaneously SRS resource(s) from a carrier and PRACH from a different carrier. 
Since the collision cases and prioritization rules are mostly capture in RAN1 spec, in our view LS to RAN1 can be triggered for this issue, to check RAN1’s understanding.
Proposal 4  Send LS to RAN1 to check the prioritization rule for SRS antenna switching, especially for the case in CA/DC operation.
A draft of this LS is provided in the appendix.
Another alternative is that RAN4 may also define some SRS dropping rules without RAN1 information. In our view this is related to the topic of requirement impact and applicability, which will be discussed in the following section.
Discussion on interruption requirement applicability and impact to other RRM requirements
In last meeting, the impact of SRS on other RRM requirements was discussed.
Based on options listed in issue 1-1-3 of [1], we see the 3 main issues are as follows:
Whether other NR RRM requirements will be impacted by NR SRS antennas switching?
In our view, the RRM performance of NR carrier may always be prioritized. Therefore, at least if interrupted period, which contains at least antenna switching time where no UL/DL transmission is possible, collides with NR RRM measurements, the SRS that needs such interruption is dropped.
Whether other E-UTRA RRM requirements will be impacted by NR SRS antenna switching?
In our view this can be up to UE implementation. We see possibility to further add note or specify the additional relaxation on the RRM requirements of the LTE. However, we do not see the necessity to define dropping rule for NR SRS antenna switching for this case.
Whether LTE SRS antenna switching needs to be considered?
In our view this is not within the scope of this WI. LTE SRS antenna switching was not defined for the purpose of downlink sounding. There is also no test case defined for LTE SRS antenna switching.
Based on above discussion, we have the following proposals:
Proposal 5  Define dropping rules for NR SRS antenna switching, at least for the case it collides with other NR RRM measurements. In this case the interruption requirements does not apply.
Proposal 6  Define interruption requirements for the case NR SRS antenna switching collides with other E-UTRA RRM measurements. Whether add note to E-UTRA requirements or specify additional delay can be FFS.
Proposal 7  No further discussion on LTE SRS antenna switching.
In last meeting, the following was discussed.
· Issue 1-2-1: Interruption requirement applicability
· Agreement: The interruption requirement should be defined based on the band combination capability reported by UE, i.e., txSwitchImpactToRx or txSwitchWithAnotherBand.
· FFS: SRS antenna switching interruptions on both DL and UL applies to the band combinations signaled in txSwitchImpactToRx or txSwitchWithAnotherBand.
· Issue 1-2-2: whether same interruption requirement applies to different SRS antenna port  
· FFS:
· Option 1 (CATT, Apple, OPPO, vivo, Huawei, Xiaomi, QC, Intel, MTK): use same set of requirements for different SRS antenna switch patterns
· Option 2 (LGE): The interruption could be different according to ‘resourceType’.
· Issue 1-2-5: Interruption requirement for UE with or without per-FR MG capability
· FFS:
· Option 1 (MTK, CATT, HW, vivo, Ericsson, Intel, QC): Interruption requirement of SRS antenna port switching will not depend on for per-UE or per-FR gap capability.
· Option 2 (Apple, OPPO, Xiaomi): No need to differentiate the requirement for the UE with or without capability of per-FR gap for SRS antenna port switching in RAN4. But in the interruption requirement applicability condition, RAN4 shall clarify that the indication of txSwitchImpactToRx or txSwitchWithAnotherBand is not allowed to indicate any band combination cross FR1 and FR2 if UE is capable of per-FR MG.
· Option 4 (Ericsson, Nokia, NEC): Potential impact of UE capability for per-FR gap on interruption requirements can be further studied once the other aspects influencing the interruption time have been settled.


In our view the interruption requirements should be based on the band combination capability (indicated by txSwitchImpactToRx or txSwitchWithAnotherBand) reporting by UE. In other word, if UE indicates that in the corresponding band the Rx or Tx is impacted by antenna port switching, then only the corresponding band is allowed to be interrupted when UE is configured to switch SRS antenna port. We see possible implementation that SRS antenna switching may only interrupt uplink transmission of another band, while downlink is not interrupted. Therefore, we slightly prefer not to consider the further constraint in the FFS bullet.
Proposal 8  If UE indicates that in the corresponding band the Rx or Tx is impacted by antenna port switching, then only the corresponding Rx or Tx in that band is allowed to be interrupted when UE is configured to switch SRS antenna port.
Another issue is that whether different interruption is needed for different SRS antenna port switching pattern. In our understanding, the pattern here means 1T4R or 2T4R or 1T2R. The similar methodology for transient periods as 38.101-1 can be re-used. When defining antenna port interruption requirements, only the period when UE switches antenna port is considered, while referring to different switching pattern is not necessary. This may also provide flexibility to the further extension to up to 8Rx in R17 FeMIMO WI. In other word, we prefer to specify the interruption requirements based on the number of symbols that need to consider interruptions.
Proposal 9  Do not refer antenna switching patterns in the spec when defining SRS antenna switching interruption requirements. However, define how to calculate the number of interrupted symbols for various cases in the spec and further specify interruption requirements based on the number of interrupted symbols.
In R16 SRS carrier switching, per-FR gap capability was an important factor in defining interruption requirements, which infers that UE reuses the methodology of measurement gap in conducting interruptions due to SRS carrier switching. For R17, whether such methodology can be reused for SRS antenna port switching needs further discussion. 
Discussion on interruption requirement design
In last meeting, the following was discussed.
· Issue 1-3-1: The interruption requirement is defined based on slot level or symbol level
· FFS:
· Option 1 (MTK, Xiaomi, CATT, Apple, QC, vivo, OPPO, Huawei, Intel): based on slot level
· Option 2 (CMCC): if the interruption time only includes transient periods before and after SRS transmission, and considering that the transient period specified in FR session is 15us, it is suggested to specify the interruption requirements based on symbol level.
· Option 3 (LGE, Ericsson): The interruption requirement can be defined based on slot level for full uplink symbols within a slot and based on symbol level for flexible symbols within slot.
· Option 4 (NEC, Ericsson, HW, CMCC, Nokia): based on symbol level
· Issue 1-3-2: The components within interruption time of SRS antenna port switching in FR1   
· FFS:
· Option 1 (MTK, Intel, vivo, Apple, Huawei, Ericsson): includes antenna switching time and SRS transmission time
· Option 1a(Ericsson): The interruption time for SRS antenna port switching comprises at least antenna switching time and SRS transmission time.
· Option 4 (Apple, OPPO, QC, vivo, Intel, MTK): 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
· Issue 1-3-3: if option 1 or option 4 is adopted in issue 1-3-2, details of the interruption time in FR1
· FFS:
· Option 1 (MTK, QC, Apple, LG, OPPO, Huawei, vivo): Interruption time is specified based on 2 transient period (2*15us) and 6 symbol time
· Option 2 (Apple): Interruption time is specified based on 2 transient period (2*10us) and 6 symbol time
· Option 4 (Ericsson, CATT, Nokia, NEC): depends on the conclusions from other issues.
· Issue 1-3-5: Interruption requirement proposals 
· FFS: options could be found in section 1.2.3 for issue 1-3-5 of email summary document R4-2105818

Regarding whether interruption requirement is defined based on slot level or symbol level, in our understanding, the TA and synchronization assumption needs to be considered firstly. The requirement should include the asynchronous case based on current WID description. Therefore, it would be very difficult to define requirement based on symbol level. Even if sync case is considered, the TA for UL may cause random mis-alignment of the frame boundary. Therefore, in our view it is more reasonable to be defined based on slot level. In this case, it is simpler if requirement for sync and async case are not differentiated.
Proposal 10  The interruption requirement is preferred to be defined based on slot level.
Proposal 11  The interruption requirement is preferred to be defined without differentiating sync and async case, at least in R17.
Since it is the interruption requirement discussed here, which is for other CCs, in our view if slot level interruption is considered, then there is no need to preclude the symbol for SRS transmission. At least for the case of intra-band UL CA it is necessary to interrupt the corresponding UL/DL transmission, if it is not prioritized according to some prioritization rules. Note that power adjustment period, antenna switching time and SRS transmission time should be included
Proposal 12  For interruption requirements, the interruption time is preferred to include power adjustment period, antenna switching time and SRS transmission time.
However, we see quite many network vendors and some operators have shown concern in defining interruption requirements in slot level. In our view, it would be very difficult to exchange UE synchronization information between different BS, especially for inter-band DC cases. Therefore, for these issues, RAN4 should firstly study how network can obtain the interrupted symbol information, when SRS antenna port switching is performed in another band.
Proposal 13  RAN4 should firstly study whether and how network can obtain the interrupted symbol information, when SRS antenna port switching is performed in another band.
Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  RAN1 spec has only specified gaps between SRSs, while the transient period in RAN4 RF spec covers the case of potential separation between SRS and PUSCH/PUCCH.
Observation 2  The transient period specified in RF spec is only a window for EVM relaxation, and it is up to network whether to schedule the symbol(s) before and after SRS transmission when the antenna port is switched.
Observation 3  Similar to what was discussed for transient periods in RF session in R16, 15us transient period for SRS antenna switching can be a loose requirement for some higher capability UE.
Proposal 1  Specify scheduling restriction before and after SRS transmission, when the antenna port is switched, for the cell with SRS antenna port switching in R17 for FR1.
Proposal 2  For scheduling restriction before and after SRS transmission, when antenna port is switched, RAN4 should consider to specify UE capability to differentiate the needed minimal scheduling restriction, similar to the transient period capability defined in R16.
Proposal 3  Do not consider impact to timing measurements in R17 SRS antenna port switching in R17 FeRRM WI.
Proposal 4  Send LS to RAN1 to check the prioritization rule for SRS antenna switching, especially for the case in CA/DC operation.
Proposal 5  Define dropping rules for NR SRS antenna switching, at least for the case it collides with other NR RRM measurements. In this case the interruption requirements does not apply.
Proposal 6  Define interruption requirements for the case NR SRS antenna switching collides with other E-UTRA RRM measurements. Whether add note to E-UTRA requirements or specify additional delay can be FFS.
Proposal 7  No further discussion on LTE SRS antenna switching.
Proposal 8  If UE indicates that in the corresponding band the Rx or Tx is impacted by antenna port switching, then only the corresponding Rx or Tx in that band is allowed to be interrupted when UE is configured to switch SRS antenna port.
Proposal 9  Do not refer antenna switching patterns in the spec when defining SRS antenna switching interruption requirements. However, define how to calculate the number of interrupted symbols for various cases in the spec and further specify interruption requirements based on the number of interrupted symbols.
Proposal 10  The interruption requirement is preferred to be defined based on slot level.
Proposal 11  The interruption requirement is preferred to be defined without differentiating sync and async case, at least in R17.
Proposal 12  For interruption requirements, the interruption time is preferred to include power adjustment period, antenna switching time and SRS transmission time.
Proposal 13  RAN4 should firstly study whether and how network can obtain the interrupted symbol information, when SRS antenna port switching is performed in another band.
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Annex
Title:	[DRAFT]LS on prioritization rule on SRS antenna port switching in CA/DC
Response to:	
Release:	Rel-17
Work Item:	NR_RRM_enh2-Core

Source:	RAN WG4
To:	RAN WG1
Cc:	
Contact Person:	
Name:	Yanliang SUN	
E-mail Address:	 yanliang.sun@vivo.com
Attachments:	

1. Overall Description:
In RAN4 #98-bis-e meeting, RAN4 was discussing the RRM requirements for SRS antenna port switching and RAN4 has identified questions about prioritization rules on SRS antenna port switching in CA/DC scenarios. RAN4 sincere requests RAN1 to provide answers of following questions for RAN4 future work.
For SRS carrier switching, the collision cases and the prioritization rules are already specified in TS 38.214. However, for SRS antenna port switching, no prioritization rule has been specified in RAN1 spec for the CA/DC scenarios. RAN4 respectfully ask RAN1 that for CA/DC scenarios, whether SRS transmission for antenna port switching in one of the active serving cell can be prioritized over the following transmissions/receptions on any other active serving cells
•	SSB/CSI-RS for L1/L3 measurements
•	PUSCH/PUCCH transmission with priority index 1 or DL pre-emption transmission
•	PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH
•	PUSCH transmission carrying aperiodic CSI (if periodic/semi-persistent SRS resources are configured)

2. To RAN WG1 group. 
ACTION: 	RAN4 respectfully asks RAN1 to provide feedback on these issues.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #100e	16 – 27, Aug. 2021	Online
TSG-RAN4 Meeting #101e	1 – 12, Nov. 2021	Online
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