3GPP TSG-RAN WG2 #121bis-e	R2-2303063
Electronic meeting, 17th – 26th April 2023

Source:	NTT DOCOMO, INC.
Title:	Current status of issues on Rel-18 UL Tx switching
Document for:	Discussion and decision
Agenda Item:	7.25.2
1. Introduction
According to the work plan [1], RAN2 is expected to continue discussing and resolving detailed design of UE capabilities and RRC configuration in this meeting.
	Schedule and TU
	Work plan

	RAN2#121bis (0.25 TU)
	· Discuss and resolve any remaining details on detailed design for UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs



In the previous meeting, RAN2 achieved four agreements and five leftovers [2].
	For UE capability of switching options, introduce a per-band-pair UE capability to report supported switching options for Rel-18 UL Tx switching. 
configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)
For RRC configuration to clarify ambiguous Tx state, RAN2 should introduce an RRC configuration that associates a band to another band which the unused Tx chain is switched to when the switch is from concurrent transmission on two bands to 1 Tx transmission on another band.
For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).

No technical agreements. Status as follows: 
-	For the RAN4 UE capability of unaffected/maintained UL transmission on the unchanged Tx chain when the other Tx chain is switching, and RAN1 UE capability of minimum separation time, RAN2 wait for further RAN4/RAN1 agreements on the attributions, e.g. granularity.  
-	For switching period, RAN2 wait for the RAN4 decision on whether different values can be reported in Rel-18 and whether/how to handle the 1Tx-1Tx switching.
-	Feature Set discussion (P5/P6 etc) is postponed, allow companies to digest.
-	The following is postponed: For Rel-18 UL Tx switching among 3/4 bands, existing signalling uplinkTxSwitching-DualUL-TxState-r17 is reused to indicate the state of Tx chains for dualUL mode. 
-	For Rel-18 UL Tx switching among 3/4 bands, whether new signalling indicating the mode of 1Tx-2Tx switching, 2Tx-2Tx switching[, and 1Tx-1Tx switching] for each band pair is pending to RAN4/RAN1’s further discussion.



Note that the leftovers are discussed in the post e-mail discussion, [Post121][045][MCE] UL TX Switching (Docomo), thus we expect that RAN2 can make more agreements or continue discussion based on its summary [3].
This contribution provides the latest status of open issues, e.g., resolved, under discussion, or depending on other WGs for information and proposes way forwards accordingly.

2. Discussion
2.1.  Issues under RAN2 discussion
	Category
	Issue
	Status

	UE capability
	Length of switching period
	Since RAN4 reached a conclusion in February meeting, RAN2 discussed in [Post121][045][MCE] UL TX Switching (Docomo). Suggested proposal is [3]:
Proposal 6.  Continue discussion to down-select from following alternatives.
Alt.1:  RAN2 introduce one per-band-pair UE capability to report a length of a switching period.
Alt.2a: RAN2 introduce two per-band-pair UE capabilities, a length of a switching period for 1Tx-2Tx switching (like Rel-16) and that for 2Tx-2Tx switching (like Rel-17). If the UE supports both 1T-2T and 2T-2T switching for the band pair, the UE shall report both capabilities.
Alt.2b: RAN2 introduce two per-band-pair UE capabilities, a length of a switching period for 1Tx-2Tx switching (like Rel-16) and that for 2Tx-2Tx switching (like Rel-17). If the UE supports both 1T-2T and 2T-2T switching for the band pair, the UE can report
- both capabilities.
- either of capabilities to be applied to both switching. (FFS on which is reported.)

	
	UL transmission while switching
	Since RAN4 reached a conclusion in February meeting, RAN2 discussed in [Post121][045][MCE] UL TX Switching (Docomo). Suggested proposal is [3]:
Proposal 5.  (11/11) RAN2 introduce a per-band-pair report of bands that can be transmitted while the other Tx chain is switching across that band pair. Absence of this field means there is interruption in all bands during the switching.

	
	Feature set combination
	Discussed in RAN2#121 based on company’s input. Continued discussion in [Post121][045][MCE] UL TX Switching (Docomo). Suggested proposal is [3]:
Proposal 1.  RAN2 wait for RAN4 conclusion on fallback of Rel-18 Tx switching to Rel-16/17 Tx switching. In parallel, RAN2 continue following discussion:
· If it is possible that UE supports both Rel-18 and Rel-16/17 UL Tx switching for the same band combination,
· Approach 1: the 3/4 FeatureSetUplink are reported in one row in FSC for the 3/4 UL bands involved in Rel-18 UL Tx switching;
· Note: If Approach 1 is down-selected, the UE needs to guarantee the FeatureSetUplinks reported for Rel-18 UL Tx switching are applicable to Rel-16/Rel-17 Tx switching if the Rel-16/Rel-17 switching period is reported for that band pair and the same switching option of the band pair is supported for Rel-16/Rel-17 switching.
· Note: If Approach 1 is down-selected, discuss if UEs are allowed to report feature sets for Rel-16/17 UL Tx switching apart from that for Rel-18 UL Tx switching.
· Approach 2: the FeatureSets reported for Rel-16/17 Tx switching between 2 bands can be combined to indicate UL capabilities on the 3/4 UL bands for Rel-18 UL Tx switching;

	RRC configuration
	Switching period location
	Since RAN1 reached a conclusion in February meeting, RAN2 discussed in [Post121][045][MCE] UL TX Switching (Docomo). Suggested proposal is [3]:
Proposal 4.  (11/11) RAN2 introduce an optional list of bands in CellGroupConfig, in which the priority is configured by the order.

	
	Ambiguous switching state
	Started RAN2 discussion in February meeting based on RAN1 agreement. RAN2 agreed as following [2]:
	For RRC configuration to clarify ambiguous Tx state, RAN2 should introduce an RRC configuration that associates a band to another band which the unused Tx chain is switched to when the switch is from concurrent transmission on two bands to 1 Tx transmission on another band.


Continued discussion on whether we reuse uplinkTxSwitching-DualUL-TxState-r17 in [Post121][045][MCE] UL TX Switching (Docomo). Suggested proposal is [3]: 
Proposal 2.	(10/11) RAN2 reuse uplinkTxSwitching-DualUL-TxState-r17 to indicate the state of Tx chains for dualUL mode.

	
	Chicken-and-egg issue on Tx state
	Started RAN2 discussion in Post121][045][MCE] UL TX Switching (Docomo) based on company’s input. Suggested proposal is [3]:
Proposal 3-1. Continue discussion if it is agreeable that the network ensures the UE supports dualUL for a band and its associated band.
Proposal 3-2. Continue discussion to down-select from following options.
· Option 1. When the UE is indicated to switch from two bands to one different band (e.g., A+B=>C), the UE follow uplinkTxSwitching-DualUL-TxState and the associated band regardless of the switching option.
· Option 2. When the UE is indicated to switch from two bands to one different band (e.g., A+B=>C) and uplinkTxSwitching-DualUL-TxState is configured as oneT, the UE first checks switching options configured to band pairs including the target band (i.e., {A, C}, {B, C}, and {C, D} if exists.).
· If all band pairs are configured as switchedUL, the UE switches the remaining Tx chain to the transmitting band.
· Otherwise, the UE switches the remaining Tx chain to the associated band.



2.2.  Issues under other WGs discussion
	Category
	Issue
	Status

	UE capability
	Minimum separation time
	We should wait for RAN1.
RAN1 made following agreements in February meeting.
	Agreement
Confirm the working assumption with following updates
(working assumption) If two uplink switching are triggered and UL transmissions involved in the two uplink switching are on more than 2 bands within any two consecutive reference slots, then the time duration between the end start of all transmission(s) prior toafter the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a summaximum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}


RAN1 have not decided a granularity of the UE capability for X (although there seems to be majority preference on per-BC in [4]). We checked with our RAN1 colleague and confirmed that RAN1 will decide it in maintenance phase. That is why we understand RAN2 can still wait for RAN1 conclusion.

	
	Switching option common with Rel-16/17
	We should wait for RAN4.
Details on this issue can be found in [5] (Proposal 1).
The issue is whether it should be ensured that at least one common switching option is supported between Rel-18 and Rel-16/17, which is similar behavior to between Rel-17 and Rel-16. This is to respect discussion on introduction of UE capability for Rel-17 switching option in RAN2#119-e (You can find detailed discussion in the reflector thread of [AT119-e][034][NR17] 2TX-2TX UL switching UE caps (Qualcomm)).
But we have two concerns on starting this discussion in RAN2 now:
1. In Rel-17 era, as a background, RAN4 had already agreed that band pairs supporting Rel-17 switching always support Rel-16 switching as well. But for Rel-18 RAN4 is still discussing fallback issue [6]:
	Issue 1-1-3: Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
Candidate options:
· Option 1: 
UE will report the 3/4 band combination with Tx switching capability. It is expected that this gives the network sufficient information on UE capability for Tx switching across all fallback combinations.
· Option 2:
For a band pair supported Rel-18 1T-2T switching, Rel-16 1T-2T switching is supported as well.
For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.
· Other options are not precluded



2. RAN2 agreed that Rel-18 switching option is reported per band pair, which is different granularity from Rel-17 (per band combination). Therefore, if we try to ensure a common option between Rel-18 and Rel-17 (and Rel-16), we have to define when the option is regarded as common. For instance, we could discuss which matches better, “all band pairs in a BC for Rel-18 have to support at least one option that is common with Rel-16/17 option for the BC” vs. “each band pair in a BC for Rel-18 has to support at least one common option with corresponding BC (i.e., BC including only the two bands) for Rel-16/17”. And worse things worse, this definition seems to depend on RAN4 conclusion on fallback (in 1st bullet).



Proposal 1. For UE capability of the minimum separation time, RAN2 wait for RAN1 to conclude a granularity of reporting.
Proposal 2. RAN2 wait for RAN4 to solve an issue on fallback of Rel-18 Tx switching to Rel-16/17 Tx switching before starting discussion on common options between Rel-18 and Rel-16/17.

2.3.  Potential RAN2 issue
	Category
	Issue
	Status

	UE capability
	3 or 4 bands-subset of band combination
	Open. Details in [7] (Issue 2.2).
We understand RAN2 should conclude how a gNB derives band sets (of 3 or 4 bands) supporting Rel-18 UL Tx switching from reported band combinations. We are fine to start with asking companies which understanding matches better, as ZTE said in their contribution for February meeting [7]:
	Understanding 1: 	For Rel-18 UL Tx switching across 3 or 4 bands, the UE shall indicate the support for ALL possible band pairs.  
Understanding 2: 	For Rel-18 UL Tx switching across 3 or 4 bands, the UE is not required to indicate the support for all possible band pairs, it is up to the network to ensure the triggered switching is supported by the UE (based on UE’s reported band pairs). 
Understanding 3: 	Neither Understanding 1 nor 2 is correct, in addition to per-band pair capability, UE needs to further indicate which 3 or 4 bands can form a band group for Rel-18 UL Tx switching.


Note: RAN2 have postponed this issue so far because concerned ambiguity does not exist if other WGs agree a UE capability to be mandatorily reported for every supported band pair (then above Understanding 1 can be easily applied). But, in the end, there seems to be no UE capability like that, e.g., for length of switching period, RAN4 agreement allows a UE not to report Rel-18 per-band-pair UE capability even if the UE supports Rel-18 switching on the band pair. We think RAN2 can start addressing this issue now.



Proposal 3. RAN2 start discussion on how the gNB knows sets of 3 or 4 bands supporting Rel-18 UL Tx switching. Down-select from followings (quoted from ZTE contribution [7]):
Understanding 1: 	For Rel-18 UL Tx switching across 3 or 4 bands, the UE shall indicate the support for ALL possible band pairs.  
Understanding 2: 	For Rel-18 UL Tx switching across 3 or 4 bands, the UE is not required to indicate the support for all possible band pairs, it is up to the network to ensure the triggered switching is supported by the UE (based on UE’s reported band pairs). 
Understanding 3: 	Neither Understanding 1 nor 2 is correct, in addition to per-band pair capability, UE needs to further indicate which 3 or 4 bands can form a band group for Rel-18 UL Tx switching.

2.4.  Resolved issues
	Category
	Issue
	Status

	UE capability
	DL interruption
	Agreed in RAN2#120 [8].
R2 assumes For UE capability to report applicability of DL interruption for Rel-18 UL Tx switching, RAN2 reuses uplinkTxSwitching-DL-Interruption-r16 (no spec impact).

	
	UL-MIMO coherence
	Agreed in RAN2#120 [8].
R2 assumes to reuse the per band per BC capability, uplinkTxSwitching2T2T-PUSCH-TransCoherence-r17, on UL-MIMO coherence for the 2Tx-capable UL band(s) for Rel-18 UL Tx switching (fallback description FFS).

Note: Field description will be discussed in CR drafting.

	
	Switching option (switchedUL or dualUL)
	Agreed in RAN2#121 [2].
For UE capability of switching options, introduce a per-band-pair UE capability to report supported switching options for Rel-18 UL Tx switching. 

	
	2-port UL transmission
	Agreed in RAN2#121 [2].
For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).

	
	Supported switching case
	RAN2 discussion is not needed. Please find details in 2.2.3 in [9].

	RRC config.
	Switching option (switchedUL or dualUL)
	Agreed in RAN2#121 [2].
configure {switchedUL, dualUL} for combination(s) of serving cells (i.e., for each band pair in the band combination)

	
	2-port UL transmission
	RAN2 discussion is not needed. Since there is no proponent in RAN2, I guess everyone is happy without introducing anything about this. Please find details in 2.2.4 in [9].



3. Summary and proposal
Proposal 1. For UE capability of the minimum separation time, RAN2 wait for RAN1 to conclude a granularity of reporting.
Proposal 2. RAN2 wait for RAN4 to solve an issue on fallback of Rel-18 Tx switching to Rel-16/17 Tx switching before starting discussion on common options between Rel-18 and Rel-16/17.
Proposal 3. RAN2 start discussion on how the gNB knows sets of 3 or 4 bands supporting Rel-18 UL Tx switching. Down-select from followings (quoted from ZTE contribution [7]):
Understanding 1: 	For Rel-18 UL Tx switching across 3 or 4 bands, the UE shall indicate the support for ALL possible band pairs.  
Understanding 2: 	For Rel-18 UL Tx switching across 3 or 4 bands, the UE is not required to indicate the support for all possible band pairs, it is up to the network to ensure the triggered switching is supported by the UE (based on UE’s reported band pairs). 
Understanding 3: 	Neither Understanding 1 nor 2 is correct, in addition to per-band pair capability, UE needs to further indicate which 3 or 4 bands can form a band group for Rel-18 UL Tx switching.
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