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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In [1], open issues are summarized for uplink Tx switching from RAN1 perspective. As per the guidance of Chairman, following issues are identified for email discussion/approval during RAN1 #100bis e-meeting:
[100b-e-LS-TxSwitching-01] Email approval of the reply LS for R1-2001522 by 4/24 under AI 5.1 (CT/Apple, Jianchi/Chunhai)
· Discussion on potential RAN1 specification impact.
· Reply LS to RAN4
[100b-e-LS-TxSwitching-02] Email discussion/approval of the remaining issues for inter-band UL CA
· Mapping between UL transmission ports and Tx chain
· Switching mechanism
· Support of codebook based PUSCH transmission.
till 4/27, and the corresponding TPs if any by 4/30 (CT, Jianchi)
[100b-e-LS-TxSwitching-03] Email discussion/approval of the remaining issues for SUL, EN-DC and other general issues
· How to capture the additional time for PUSCH preparation procedure
· Whether additional preparation time is needed for other UL channels/signals
· UE behaviour in switching period
· Twisted-order scheduling/observation period
· For EN-DC, mapping between UL transmission ports and Tx chain, TDM pattern, switching mechanism, handling of transmission collision between 1Tx transmission in LTE and 2Tx transmission in NR.
· Whether more than two uplink carriers can be supported.
till 4/27, and the corresponding TPs if any by 4/30 (CT, Jianchi)
[100b-e-LS-TxSwitching-04] Email approval of TP capturing agreements from previous meetings regarding UL Tx switching (04/24-04/29) – Mihai (Nokia)
This is email discussion thread #1 to discuss the reply LS for R1-2001522. 
Discussion on impact of DL interruption
According to LS [2] from RAN4, in RAN4#94e, the follow agreements on the length of UL switching period have been reached. 
· Length of UL switching period for defining UE RF requirements and capability reporting:
· For SUL and UL CA
· {35us, 140 us, 210us} 
· For EN-DC
· {35us, 140 us}
From RAN4 perspective, the following duplex mode combinations (carrier 1 + carrier 2) do not require DL reception interruption:
· SUL+TDD
· TDD+TDD CA with the same UL-DL pattern
· TDD+TDD EN-DC with the same UL-DL pattern
For other duplex mode combinations, depending on the RAN1 feedback different capabilities could be defined for UEs with and without DL interruption. UE capability, if defined, is reported per band pair in each band combination. UE reports for each band within the pair of bands in each band combination.
If DL interruptions are allowed, the length of DL interruption will be in a range from one OFDM symbol to one slot. RAN4 would like to request RAN1 feedback on potential RAN1 specification impact if there is DL reception interruption in some scenarios.
To 3GPP RAN1
ACTION: RAN4 kindly asks RAN1 to provide feedback on potential RAN1 specification impact if there is DL reception interruption in some scenarios
Issue #1: Potential RAN1 specification impact on DL interruption
· Question: Is there any RAN1 specification impact on DL interruption?

Companies are invited to answer the above question and provide comments if any. 
	Companies
	Y/N
	Comments

	China Telecom
	No
	If DL interruption is required by UE, network can avoid the DL transmission colliding with DL interruption by scheduling. Therefore, from RAN1 perspective, there is no RAN1 specification impact on DL interruption.

	Apple
	No
	We share the similar view as China Telcom. There is no RAN1 specification impact on DL interruption, the DL interruption can be avoided by network scheduling. According to the WID, we should try to avoid any impact to RAN1 spec.

	CATT
	No
	When there is DL interruption, network can avoid schedule resources overlapping with the interruption period. There is no RAN1 specification impact.

	OPPO
	No
	We share the same view that network can avoid the DL transmission colliding with DL interruption by scheduling.

	vivo
	No
	The DL interruption can be specified in RAN4 without RAN1 impact. 

	ZTE
	No
	It should be understood that if the location of Tx switching period is clear to the UE and gNB, it should be aligned on both sides where the DL interruption could happen. Hence DL interruption can be avoided by network scheduling. There is no extra RAN1 specification impact.

	Nokia
	The question is too narrow in scope
	I am afraid we are swiping the problem under the carpet with this question. One can make the argument that UE that is not able to receive the downlink has no spec impact, but the question to ask is on what is the point in allowing such a UE. Step after step the proponents of the feature want to avoid discussing the negative implications to the performance that the UE implementation relaxations being pushed are leading us with.

	Samsung
	No
	There is no RAN1 spec impact on DL interruption since the network and UE have same understanding of DL interruption and then the DL interruption can be avoided by the network scheduling.

	Qualcomm
	Yes
	Add specification text saying that in the impacted time period, the UE is not required to receive DL. Alternatively, we are ok with no RAN1 specification impact.

	Intel
	No
	We share the similar view that there is no RAN1 specification impact on DL interruption, since network can avoid the DL transmission colliding with DL interruption by scheduling.

	Huawei, HiSilicon
	No
	DL interruptions have been introduced for long time in RAN4 specification, however, they never result in any UE behavior specified in TS 38.213 and TS 38.214. It is up to BS station whether to send DL to UE at the cost of DL interruption or not, which does not require RAN1 specification impact.



Issue #2: Reply LS on DL interruption
Companies are invited to provide views on reply LS on DL interruption.
	Companies
	Comments

	China Telecom
	There is no RAN1 specification impact on DL interruption. The determination of DL interruption is up to RAN4.

	Apple
	There is no RAN1 specification impact on DL interruption. Whether DL interruptions are allowed is up to RAN4.

	CATT
	There is no RAN1 specification impact. Whether DL interruption is allowed is up to RAN4.

	OPPO
	There is no RAN1 specification impact on DL interruption. Whether DL interruption is allowed is up to RAN4.

	vivo
	Agree with the comments above. 

	ZTE
	Agree with the comments above.

	Nokia
	RAN4 as the performance requirements group should not be expected to consider system aspects of allowing a ‘small’ relaxation of not receiving DL for just 1-3 symbols per switch. With even a cursory look the impact of the DL interruption can have near-catastrophic implications to the performance. We can’t just leave the discussion on “does not receiving DL impact RAN1 spec”, but either need to agree that RAN1 recommends RAN4 NOT to allow DL interruption, or take a time-out and quantify the impact of the DL interruption in RAN1 before providing a response, given that the DL interruption may, and easily will destroy the critical DL transmissions completely. See e.g. the EN-DC case in R1-1002615 where just a small interruption may block 80% of the LTE uplink and 40% of LTE downlink.
[image: ]

	Samsung
	There is no RAN1 specification impact on DL interruption. Although there is a loss of DL transmission incurred by DL interruption, it is up to RAN4 whether DL interruption is allowed.

	Qualcomm
	Aligned with the response to the previous question, reply with saying whether the change will be incorporated in the RAN1 specification or not. In the case the reply is that RAN1 recommends no DL interruption allowance, according to the Nokia view, then the ‘memory-based switching’ decision would ned to be revisited and ‘memoryless’ switching should be considered. 

	Intel
	There is no RAN1 specification impact. Whether DL interruption is allowed is up to RAN4.

	Huawei, HiSilicon
	There is no RAN1 specification impact identified for DL interruptions. Whether DL interruption is allowed is up to RAN4.
In case of falling down to revisit RAN1 agreement as QC commented, could you please clarify how it is connected to “memoryless” switching? In our understanding, “memoryless” switching cannot be a credit to avoid DL interruption if any. We read your tdoc carefully, but cannot find the answer.



Conclusions
RAN1 answer:
· For UL Tx switching, there is no RAN1 specification impact on DL interruption. There may or may not be performance impacts due to DL interruption, but RAN1 did not analyze these further.
Final LS in R1-2002960.
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Appendix

	Companies
	Views

	ZTE (R1-2001627)
	Regarding whether there is RAN1 specification impact if there is DL reception interruption in some scenarios, RAN1 sees no RAN1 specification impact if the DL reception interruption is embedded within the Tx switching period. 

	vivo (R1-2001643)
	It can be seen that the UL carrier switch between case 1 and case 2 may cause DL interruption depending on the band combination and duplexing mode. During the interruption time, UE is not able to receive the configured DL signal/channels, such as CORESET, reference signals. It should be captured in pec such that UE is not expected to receive during the DL interruption time, no additional spec impact is envisioned. 
Observation: No RAN1 spec impact due to DL interruption in addition to the fact that UE is not able to receive during the DL interruption time. 

	Samsung (R1-2002104)
	Observation 1: There is no RAN1 spec impact on DL interruption since the network scheduling in any scenario can avoid the DL interruption. 
Observation 2: In case of the location of switching period being TDD carrier, the loss of the downlink resource in FDD carrier is about 6%, 11%, 17% due to DL interruption with the switching period 35us, 140us, and 210us, respectively. 
Observation 3: The UE without DL interruption during the switching may only have no significant loss of the downlink resource by network scheduling to avoid DL interruption even if there is no capability for DL interruption.

	China Telecom (R1-2002190)
	Proposal 1: There is no RAN1 specification impact on DL interruption. The determination of DL interruption is up to RAN4.

	Nokia (R1-2002222/ R1-2002615)
	[bookmark: _Hlk37435373]Observation: For EN-DC with TDD NR operating with 30 kHz SCS and DDDSU-DDSUU TDD pattern:
· 40% of the LTE DL subframes are lost because of the DL interruption blocking the LTE PDCCH (yellow)
· Another 40% of the LTE DL subframes observe a loss due to the DL interruption crippling the end of the subframe (Compromized DL subframe)
· 40% of the LTE UL subframes are lost because of the uplink being used by the NR 30% of the time. (red)
· Another 40% of the LTE UL subframes are lost because of the loss of the scheduling PDCCH (yellow)
For this EN-DC case alone it seems bluntly evident that in addition to the loss from the UL switching, the additive loss from the LTE PDCCH blocking due to DL interruption is catastrophic and in effect inoperable.
Proposal: No interruptions in DL reception is allowed due to UL switching. If a device architecture would require DL interruption to be able to support UL switching, then that device architecture does not support UL switching.
RAN1 would like to thank RAN4 on their LS in R1-2001522/R4-2002816. 
RAN4 action to RAN1 stated: ACTION: RAN4 kindly asks RAN1 to provide feedback on potential RAN1 specification impact if there is DL reception interruption in some scenarios.
RAN1 answer: In RAN1’s opinion the additional loss from the DL interruption may impact critical DL channels and yield drastic performance loss. Thus RAN1 recomments that UEs incapable of operating UL switching without incurring a DL reception interruption are deemed incapable of supporting UL switching altogether.

	Apple (R1-2002308)
	For SUL+ FDD NR, TDD+TDD CA with the different UL-DL pattern, FDD+FDD NR CA, the DL interruption, if required by some UEs, can be handled by gNB scheduling as the switching time is configured by network.

For FDD LTE+ TDD NR/FDD NR EN-DC, the UL Tx switching could cause the LTE side DL interruption, the interruption can be avoided by LTE not scheduling the UL subframes overlapped with NR UL.

In addition, if UE reports the DL interruption capability, it would be beneficial for base station scheduling.

	CATT (R1-2002394)
	Observation
· For NR and LTE carrier, there is no RAN1 specification impact when there is DL interruption.
Proposal
· Respond RAN4 LS that there is no RAN1 specification impact when there is DL interruption.

	Qualcomm (R1-2002516)
	During UL Tx switching, a UE reporting DL interruption capability among a group of cells is not expected to receive in the downlink in the reported cell(s) earlier than the value of DL interruption after the end of UL Tx switching. 
Proposal 8: leveraging  wording of half-duplex in TS38.211 with repurposing for DL interruption description.

	Huawei (R1-2002661)
	DL interruptions have been introduced for long time in RAN4 specification, however, they never result in any UE behavior specified in TS 38.213 and TS 38.214. Normally, if there exists DL interruption, TS 38.133 is more appropriate to capture the related requirements. It is up to BS station whether to send DL to UE at the cost of DL interruption or not, which does not require RAN1 specification impact. So there is no need to introduce redundant RAN1 specification impacts.    
Proposal 4: Following the precedent of handling DL interruption, there is no potential RAN1 specification impact if there is DL interruption introduced by UL Tx switching.
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