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Introduction
The RRM scope of UL Tx switching is always about specifying the DL interruption requirements. In Rel-16, we specified in the RRM spec the allowed DL interruption requirements for UL CA, for the UE supporting UL Tx switching but could not avoid causing interruptions during Tx switches on certain band combinations. In Rel-17, RF introduces requirements for UE supporting UL Tx switching between 2Tx and 2Tx, and between a single carrier on one band and a couple of contiguous carriers on the other band. Correspondingly, RRM needs to specify the allowed DL interruption requirements.
In the previous RRM discussions, WF in [1][2] were approved and they provide a good scope and guidance on the RRM work in general in Rel-17. In the below box we copy the agreements in the WF-s.
	R4-2108339
Work Plan
· According to WID [RP-202088], core part aims to be finalized by March 2022, performance part aims to be finalized by September 2022
· RAN4#99-e
· Discuss and approve the work plan for RRM part.
· Discuss and identify which RRM requirements need to be specified for
· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
· RAN4#100-e
· Discuss the identified RRM requirements on
· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
· RAN4#100-e-bis
· Continue to discuss the identified RRM requirements on
· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
· Provide draft CR on TS38.133
· RAN4#101-e
· Further discuss the RRM requirements on
· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
· Provide and refine the draft CR
· RAN4#102-e
· Approve the CRs on TS38.133
· RAN4#102-e-Bis (RRM performance part only)
· Discuss and decide test case list and related parameters
· RAN4#103-e (RRM performance part only)
· Provide draft test cases for RRM
· RAN4#104-e (RRM performance part only)
· Approve test cases for RRM
Way forward
· In RRM, DL interruption requirements are to be specified for Rel-17 Tx switching enhancements.
· The following Tx switching scenarios need to be considered for specify DL interruption requirements.
· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
· DL interruption requirements for Rel-17 Tx switching enhancements are only specified for SA.
· Further to discuss whether reuse Rel-16 values for length of DL interruption
· Whether to create new subclauses for Rel-17 DL interruptions at UE switching for CA and SUL respectively?
· Option 1: Create new subclauses for Rel-17 DL interruptions at UE switching for CA and SUL respectively, including:
· -DL Interruptions at UE switching between two uplink carriers with two transmit antenna connectors
· -DL Interruptions at UE switching between one uplink band with one transmit antenna connector and one uplink band with two transmit antenna connectors
· -DL Interruptions at UE switching between two uplink bands with two transmit antenna connectors
· More discussion are needed
R4-2115331
Issue 1-1: R17 Tx switching scenarios need to be considered
· Option 1(China Telecom, Huawei, CMCC, Intel): 
· Consider the following Tx switching scenarios to specify DL interruption requirements:
· 2Tx-2Tx switching between two uplink carriers for TDD+FDD UL CA and TDD+TDD UL CA
· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for TDD+FDD UL CA and TDD+TDD UL CA
· In above two bullets, TDD+TDD UL CA is the scenario with different UL-DL configurations or interCA-NonAlignedFrame-r16
· FFS: No DL interruption for SUL related scenario 
· No DL interruption for sync TDD+TDD CA with the same UL-DL configuration and without interCA-NonAlignedFrame-r16
Issue 1-2: DL interruption length
· R16 DL interruption length at UE switching between two uplink carriers can be reused for R17 uplink Tx switching.
Issue 1-3: DL interruption starting point
· Reuse the Rel-16 agreement on the starting symbol of DL interruption, i.e., the DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period.
Issue 1-4: DL interruption applicability for Rel-17 Tx switching
· Specify the DL interruption applicability in the same way as in Rel-16.
· (Moderator adding for clarification. In R16, the applicability rule is specified as below:
· No DL interruption is allowed in the NR downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption. No DL interruption is allowed for some inter-band UL CA configurations as specified in clause 5.2A.2 of TS 38.101-1 [18].)
Issue 1-5: Spec structure for DL interruption requirements for Rel-17 Tx switching
· To create new subclause for Rel-17 DL interruptions at UE switching for CA, including:
· DL Interruptions at UE switching between two uplink carriers with two transmit antenna connectors for UL inter-band CA
· where NR UL carrier 1 is capable of two transmit antenna connectors and NR UL carrier 2 is capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies
· DL Interruptions at UE switching between one uplink band with one transmit antenna connector and one uplink band with two transmit antenna connectors for UL inter-band CA 
· where NR UL carrier 1 in band A is capable of one transmit antenna connector, NR UL carrier 2 and carrier 3 in band B are capable of two transmit antenna connectors. NR UL carrier 2 and carrier 3 are two contiguous aggregated carriers
· DL Interruptions at UE switching between two uplink bands with two transmit antenna connectors for UL inter-band CA 
· where NR UL carrier 1 in band A is capable of two transmit antenna connectors, NR UL carrier 2 and carrier 3 in band B are capable of two transmit antenna connectors


In the contribution, we continue to discuss on how to specify the corresponding RRM requirements for UL Tx switching in Rel-17 and the proposed TP for the requirements are attached in this paper.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Continue to discuss UL switching RRM
Background
In Rel-16, RRM specified DL interruption requirements in TS 38.133 section 8.2.2.2.10. In the below box I copy the exact requirements in Rel-16 to make a full clear picture of the RRM scope.
	8.2.2.2.10	DL Interruptions at UE switching between two uplink carriers
The DL interruption requirements at dynamic switching between two uplink carreirs specified in this clause are applicable for an uplink band pair of an inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, and is only applicable for uplink switching mechanism specified in clause 6.1.6 of TS 38.214 [26], where NR uplink carrier 1 is capable of one transmit antenna connector and NR uplink carrier 2 is capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies. 
When dynamic switching between two uplink carriers is conducted, UE is allowed to cause DL interruption of X OFDM symbols in NR downlink carrier(s) as indicated by uplinkTxSwitching-DL-Interruption [2]. The DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in either NR carrier 1 or carrier 2 as indicated in RRC signalling [2]. The DL interruption lengths of X are defined in Table 8.2.2.2.10-1.
No DL interruption is allowed in the NR downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption. No DL interruption is allowed for some inter-band UL CA configurations as specified in clause 5.2A.2 of TS 38.101-1 [18].
Table 8.2.2.2.10-1: DL interruption length on NR carrier(s) in the unit of OFDM symbols (X) for switching between two uplink carriers
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	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	3
	6
	7

	2
	0.25
	4
	10
	14

	Note 1:	Uplink Tx switching period depends on UE capability uplinkTxSwitchingPeriod





By looking at the requirements for Rel-16, we specified them with mainly three key elements: use case description, interruption length, and applicability. Naturally, in Rel-17 we shall also consider specifying the corresponding requirements following the same logic as in Rel-16: focusing on the three key elements.
Tx switching use case in Rel-17 
By the work item description of the NR_RF_FR1_enh WI, we understand that the use case of UL Tx switching in Rel-17 is extended to cover also the below scenarios:
· switching between two uplink carriers with two transmit antenna connectors
· switching between one uplink band with one transmit antenna connector and one uplink band with two transmit antenna connectors
· switching between two uplink bands with two transmit antenna connectors
Note that in Rel-16 we only consider switching between a single carrier with one antenna connector and a single carrier with two antenna connectors. However, in terms of allowed interruptions, the principles and logic in specifying RRM requirements are identical between Rel-16 and Rel-17.
Another issue is how the spec can be structured in the case that the use case in Rel-17 is extended. Companies have already raised one good solution that RRM is supposed to follow somehow the RF spec structure. We also find it feasible so we also propose that we could have the below RRM spec structure for Rel-17 UL Tx switching RRM requirements.
Example: 
	8.2.2.2.10	DL Interruptions at UE switching
8.2.2.2.10.1	General 
8.2.2.2.10.2	DL Interruptions at UE switching between two uplink carriers
8.2.2.2.10.3	DL Interruptions at UE switching between two uplink carriers with two transmit antenna connectors
8.2.2.2.10.4	DL Interruptions at UE switching between one uplink band with one transmit antenna connector and one uplink band with two transmit antenna connectors
8.2.2.2.10.5	DL Interruptions at UE switching between two uplink bands with two transmit antenna connectors


Or: 
	8.2.2.2.10	DL Interruptions at UE switching between two uplink carriers
8.2.2.2.10A	DL Interruptions at UE switching between two uplink carriers with two transmit antenna connectors 
8.2.2.2.10B	DL Interruptions at UE switching between one uplink band with one transmit antenna connector and one uplink band with two transmit antenna connectors
8.2.2.2.10C	DL Interruptions at UE switching between two uplink bands with two transmit antenna connectors


Applicability for DL interruption requirements
In RRM, the DL interruption requirements apply when the UE is allowed to cause DL interruptions on the other active serving cells due to its RF operations in one of its serving cells. So the applicability of the DL interruption requirements is to specify under which circumstance was the UE allowed to cause some interruption and the interruption length is of course not supposed to exceed a certain value requirement.
In Rel-16, RAN4 agreed that we only allow the UE to cause interruptions for some of the band combinations and in TS 38.101 the spec lists the band combinations which do not allow interruptions from the UE. Meanwhile in RRM spec, we avoid listing the combinations again and instead we only define the general applicability: the DL interruption is allowed when UE reports by capability signalling that it is not able to avoid the interruptions for a certain band combination.
Thus, in Rel-17, a same approach to specify the applicability shall be implemented. We propose:
Proposal 1: Specify the DL interruption applicability in the same way as in Rel-16.
Text proposals for DL interruption requirements
In this section we propose the corresponding TP for the DL interruption requirements for all the related use cases in Rel-17.
Proposal 2: Define DL interruption requirements in the spec as shown in this paper.
#Text proposals start#
8.2.2.2.10A	DL Interruptions at UE switching between two uplink carriers with two transmit antenna connectors
The DL interruption requirements at dynamic switching between two uplink carriers specified in this clause are applicable for an uplink band pair of an inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, and is only applicable for uplink switching mechanism specified in clause [6.1.6] of TS 38.214 [26], where NR uplink carrier 1 and NR uplink carrier 2 are both capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies. 
When dynamic switching between two uplink carriers is conducted, UE is allowed to cause DL interruption of X OFDM symbols in NR downlink carrier(s) as indicated by uplinkTxSwitching-DL-Interruption [2]. The DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in either NR carrier 1 or carrier 2 as indicated in RRC signalling [2]. The DL interruption lengths of X are defined in Table 8.2.2.2.10-1.
No DL interruption is allowed in the NR downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption. No DL interruption is allowed for some inter-band UL CA configurations as specified in clause [5.2A.2] of TS 38.101-1 [18].
Table 8.2.2.2.10A-1: DL interruption length on NR carrier(s) in the unit of OFDM symbols (X) for switching between two uplink carriers
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	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	3
	6
	7

	2
	0.25
	4
	10
	14

	Note 1:	Uplink Tx switching period depends on UE capability uplinkTxSwitchingPeriod



8.2.2.2.10B	DL Interruptions at UE switching between one uplink band with one transmit antenna connector and one uplink band with two transmit antenna connectors
The DL interruption requirements at dynamic switching between one uplink band with one transmit antenna connector and one uplink band with two transmit antenna connectors specified in this clause are applicable for an uplink band pair of an inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, and is only applicable for uplink switching mechanism specified in clause [6.1.6] of TS 38.214 [26], where NR uplink carrier in band 1 is capable of one transmit antenna connector and 2 NR uplink carriers in band 2 with intra-band UL CA configured is capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies. 
When dynamic switching between two uplink bands is conducted, UE is allowed to cause DL interruption of X OFDM symbols in NR downlink carrier(s) as indicated by uplinkTxSwitching-DL-Interruption [2]. The DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in either NR carrier 1 or carrier 2 as indicated in RRC signalling [2]. The DL interruption lengths of X are defined in Table 8.2.2.2.10-1.
No DL interruption is allowed in the NR downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption. No DL interruption is allowed for some inter-band UL CA configurations as specified in clause [5.2A.2] of TS 38.101-1 [18].
Table 8.2.2.2.10B-1: DL interruption length on NR carrier(s) in the unit of OFDM symbols (X) for switching between two uplink carriers
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	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	3
	6
	7

	2
	0.25
	4
	10
	14

	Note 1:	Uplink Tx switching period depends on UE capability uplinkTxSwitchingPeriod



8.2.2.2.10C	DL Interruptions at UE switching between two uplink bands with two transmit antenna connectors
The DL interruption requirements at dynamic switching between two uplink bands with two transmit antenna connectors specified in this clause are applicable for an uplink band pair of an inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, and is only applicable for uplink switching mechanism specified in clause [6.1.6] of TS 38.214 [26], where NR uplink carrier(s) in band 1 with or without intra-band UL CA configured is capable of one transmit antenna connector and 2 NR uplink carriers in band 2 with intra-band UL CA configured is capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies. 
When dynamic switching between two uplink bands is conducted, UE is allowed to cause DL interruption of X OFDM symbols in NR downlink carrier(s) as indicated by uplinkTxSwitching-DL-Interruption [2]. The DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in either NR carrier 1 or carrier 2 as indicated in RRC signalling [2]. The DL interruption lengths of X are defined in Table 8.2.2.2.10-1.
No DL interruption is allowed in the NR downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption. No DL interruption is allowed for some inter-band UL CA configurations as specified in clause [5.2A.2] of TS 38.101-1 [18].
Table 8.2.2.2.10B-1: DL interruption length on NR carrier(s) in the unit of OFDM symbols (X) for switching between two uplink carriers
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	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	3
	6
	7

	2
	0.25
	4
	10
	14

	Note 1:	Uplink Tx switching period depends on UE capability uplinkTxSwitchingPeriod



#Text proposals end#
Conclusion
In the contribution, we continue to discuss on how to specify the corresponding RRM requirements for UL Tx switching in Rel-17 and the proposed TP for the requirements are attached in this paper.
Proposal 1: Specify the DL interruption applicability in the same way as in Rel-16.
Proposal 2: Define DL interruption requirements in the spec as shown in this paper.
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