


3GPP TSG-RAN WG2 Meeting #124                                 R2-2312775
[bookmark: _GoBack]Chicago, US, Nov 13-17, 2023

Source: 			ZTE Corporation, Sanechips
Title: 	Discussion on remaining issues of Rel-18 UL Tx switching
[bookmark: Source]Agenda item:		7.25.2
[bookmark: DocumentFor]Document for: 	Discussion and decision
1. Introduction
Regarding Rel-18 UL Tx switching , RAN2 receives several new LS from RAN1 and RAN4. Before this meeting, companies discussed the open issues via [POST123bis][008][UL TX Switch] 38.331 Running CR (Huawei), and the CR is updated based on company inputs. 
In this contribution, we discuss other open issues based on the new LSs in and share our views. 
2. Discussion
2.1.  Switching period for UE preferred Tx switching
RAN2 receives a LS[3] from RAN4 for parallel switching on four bands, the content of the LS is shown below:
	1 Overall description
For four band Tx switching case, the baseline UE assumption was sent to RAN2 in the LS R4-2220548, with the switching period max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C} for the four-band switching case where the bands scheduled for uplink transmission before Tx switching is band A and band B, and the bands scheduled for uplink transmission after Tx switching is band C and band D. RAN4 further identifies there are two cases below:
· Case-1: One of the two Tx chains switches from band A to band C, the other Tx chain switches from band B to band D
· Case-2: One of the two Tx chains switches from band A to band D, the other Tx chain switches from band B to band C.
To improve the switching period for this case, RAN4 agreed to introduce an optional capability to resolve switching ambiguity issue (R4-2310496) with the following solutions:
· Introduce optional per-BC UE capability to distinguish the case-1 and case-2 based on scheduled order of uplink grants and report the preferred case by UE as illustrated in the attachment[1]. 
· Supporting the advanced capability of the switching period can be improved to min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)} .

The improvement of switching period is only achievable when UE is granted with preferred switching band pair.
This capability cannot be reported simultaneously with the [ uplinkTxSwitching1T1Tto1T1T].


According to the LS, RAN2 is required to introduce an optional capability to indicate UE’s preferred switching method when UL Tx switching is performed across 4 bands. For instance, when the UE switches from band pair A+B to band pair C+D, the UE can indicate whether {A->C, B->D} or {A->D, B->C} is preferred. If {A->C, B->D} is preferred and reported in UE capability and the network schedules according to this, then the switching period will be min{ max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}, otherwise, the switching period is max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}. 
Currently, this is not captured in the latest running CR, from signalling point of view, we think the reporting granularity is same as UplinkTxSwitchinAdditionalPeriodDualUL-r18, both are reported for every two band pairs. In addition, according to RAN4’s indication, for a given two band pairs, either the UE reports additional switching period directly, or the UE reports this new capability. So, it is better to define the UE capability together with UplinkTxSwitchingAdditionalPeriodDualUL-r18.
In the latest RRC running CR for UE capability, UplinkTxSwitchingAdditionalPeriodDual-UL-r18 is defined as below:
BandCombination-UplinkTxSwitch-v18xy ::= SEQUENCE {
    supportedBandPairListNR-r18                      SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-r18   OPTIONAL,
    uplinkTxSwitchingMinimumSeparationTime-r18       ENUMERATED {n0us, n500us},
    uplinkTxSwitchingAdditionalPeriodDualUL-List-r18 SEQUENCE (SIZE (1..maxULTxSwitchingBetweenBandPairs)) OF UplinkTxSwitchingAdditionalPeriodDualUL-r18   OPTIONAL
}

UplinkTxSwitchingAdditionalPeriodDualUL-r18::=     SEQUENCE {
    uplinkTxSwitchingBetweenBandPairs-r18             SEQUENCE {
        bandPairIndex1-r18                               INTEGER(1.. maxULTxSwitchingBandPairs),
        anotherBandPairOrBand-r18                        CHOICE {        
            bandPairIndex2-r18                              INTEGER(1.. maxULTxSwitchingBandPairs),
            bandIndex-r18                                   INTEGER(1..maxSimultaneousBands)
        }
    },
    switchingAdditionalPeriodDualUL-r18               ENUMERATED {n35us, n140us, n210us}
}
For UL Tx switching between 2 band pairs, we think the switching period is the same irrespective of which band pair is referring to “switch from” band pair, so taking into account the new capability, we suggest to restructure the IE as following:
UplinkTxSwitchingAdditionalPeriodDualUL-r18::=     CHOICE {
    uplinkTxSwitchingBetweenBandPairs-r18             SEQUENCE {
        bandPairIndex1-r18                               INTEGER(1..maxULTxSwitchingBandPairs),
        bandPairIndex2-r18                               INTEGER(1..maxULTxSwitchingBandPairs),
        switchingPeriodBetweenBandPairs-r18               CHOICE {        
            additionalSwitchingPeriod-r18                    ENUMERATED {n35us, n140us, n210us},
            preferredSwitchingOrder-r18                      ENUMERATED {case1, case2}
        }
    },
uplinkTxSwitchingBetweenBandPairAndBand-r18	   SEQUENCE {
        bandPairIndex1-r18                               INTEGER(1..maxULTxSwitchingBandPairs),
        bandIndex-r18                                    INTEGER(1..maxSimultaneousBands),
        additionalSwitchingPeriod-r18                    ENUMERATED {n35us, n140us, n210us}
    }
}
With this new structure, “switching between band pairs” and “switching between band pair and 3rd band” are specified separately. For a given two band pairs, the UE either indicates the preferred switching order, or the switching period. For the value range of preferredSwitchingOrder-r18 IE, “case1” means switching from the first band entry of band pair 1 to the first band entry of band pair 2. “case 2” means switching from the first band entry of band pair 1 to the second band entry of band pair 2. It is aligned with the example mentioned in RAN4 LS. 
Proposal 1	For RAN4’s new LS for reporting UE’s preferred switching order, to define the new UE capability in UplinkTxSwitchingAdditionalPeriodDualUL-r18, adopt the following TP for ASN.1 and corresponding field description:
 UplinkTxSwitchingAdditionalPeriodDualUL-r18::=     CHOICE {
    uplinkTxSwitchingBetweenBandPairs-r18             SEQUENCE {
        bandPairIndex1-r18                               INTEGER(1..maxULTxSwitchingBandPairs),
        bandPairIndex2-r18                               INTEGER(1..maxULTxSwitchingBandPairs),
        switchingPeriodBetweenBandPairs-r18               CHOICE { 
            additionalSwitchingPeriod-r18                    ENUMERATED {n35us, n140us, n210us},
            preferredSwitchingOrder-r18                      ENUMERATED {case1, case2}
        }
    },
uplinkTxSwitchingBetweenBandPairAndBand-r18	   SEQUENCE {
        bandPairIndex1-r18                               INTEGER(1..maxULTxSwitchingBandPairs),
        bandIndex-r18                                    INTEGER(1..maxSimultaneousBands),
        additionalSwitchingPeriod-r18                    ENUMERATED {n35us, n140us, n210us}
    }
}

	preferredSwitchingOrder-r18
Indicates UE’s preferred switching order when UL Tx switching is performed from one band pair to another band pair, as defined in TS 38.101-1 [15].
Value case1 means UE prefers to switch one of the two Tx chains from the first band entry of band pair indicated by bandPairIndex1 to the first band entry of band pair indicated by bandPairIndex2, the other Tx chain switches from the second band entry of band pair indicated by bandPairIndex1 to the second band entry of band pair indicated by bandPairIndex2.
Value case2 means UE prefers to switch one of the two Tx chains from the first band entry of band pair indicated by bandPairIndex1 to the second band entry of band pair indicated by bandPairIndex2, the other Tx chain switches from the second band entry of band pair indicated by bandPairIndex1 to the first band entry of band pair indicated by bandPairIndex2.



2.2.  Clarification on switching period capabilities
According to the progress of Rel-18 UL Tx switching, the way to indicate switching period capability becomes more and more complicated. So far, we have introduced many capabilities for indicating the switching period for Rel-18 UL Tx switching. 
For reference, we summarize the usage of different capabilities below:
· When UL Tx switching across 3 or 4 bands is configured:
· For switching between 2 bands (e.g. A<->B):
· apply Tswitch_A-B for switching period. Whether to apply 1Tx-2Tx or 2Tx-2Tx switching period depends on switching2T-Mode configuration for this band pair. 
· For switching across 3 bands (e.g. A+B<->C, A+C<-> B+C):
· For A+B<->C: 
· if UE reports switching period for “A+B<->C” in uplinkTxSwitchingAdditionalPeriodDualUL-List capability, the reported value is applied for switching period. 
· else, apply max {Tswitch_A-C, Tswitch_B-C} for switching period;
· For A+C<->B+C:
· if UE reports switching period for band pair (A, B) and unaffected band C (i.e. periodOnULBands-r18) in uplinkTxSwitchingPeriodUnaffectedBandDualUL-List capability, the reported value is applied for switching period on all the three bands.
· else, apply Tswitch_A-B for switching period. Whether the UL transmission on band C can be maintained during switching depends on the UE capability (i.e. maintainedUL-Trans-r18) reported in uplinkTxSwitchingPeriodUnaffectedBandDualUL-List capability. 
· For switching across 4 bands (e.g. A+B<->C+D);
· If UE reports switching period for “A+B<->C+D” in uplinkTxSwitchingAdditionalPeriodDualUL-List capability, the reported value is applied for switching period;
· else if UE reports preferred switching order and the network schedules according to the indicated preferred switching order:
· Apply min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)} for switching period;
· else, apply max(Tswitch_A-C,Tswitch_B-D ,Tswitch_A-D, Tswitch_B-C) for switching period. 
In above text, the Tswitch_X-Y refers to the switching period reported for band pair (X, Y). If the UE supports 2Tx-2Tx for this band pair, then UE will report both 1Tx-2Tx switching period and 2Tx-2Tx switching period in UE capability. For switching between two bands, it is clear whether to apply 1Tx-2Tx or 2Tx-2Tx switching period depends on the RRC configuration switching2T-Mode for this band pair. 
But for switching across 3 or 4 bands, there are many cases that per-band pair switching period will be taken into consideration, however, whether switching2T-Mode configuration also impacts these is unclear. We understand this has been discussed in RAN4 based on RAN2 LS (R2-2304567), but after RAN4 defines several new capabilities to improve(reduce) the switching period for switching across 3 or 4 bands, we would like to check with companies again whether there is the common understanding in RAN2. 
Proposal 2	RAN2 to clarify if “switching2T-Mode-r18” IE is configured for a band pair, whether 2Tx-2Tx switching period of this band pair will be considered as the input for switching period calculation, for instance, when calculating “min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}” or “max(Tswitch_A-C,Tswitch_B-D ,Tswitch_A-D, Tswitch_B-C)” for switching across 4 bands. 
2.3.  Open issue on fallback BC
In last RAN4 meeting, companies discussed the ambiguity issue of how to determine the switching period for a fallback BC. However, the issue has been confirmed in RAN4 but no consensus was made on how to address the issue, in addition, an LS[5] is sent to RAN2, the content of the LS is shown below:
	Issue: Length of switching period for the fallback band combinations
From RAN4 UE implementation perspective, when UE support the two Tx switching band combinations of band A+B+C+D and band A+B+C+E, it is possible that UE has different switching periods for the same band pair, for example:
· For band A+B+C+D, A+B with period 35us, A+C with period 140us
· For band A+B+C+E, A+B with period 140us, A+C with period 35us

In this case, RAN4 asks RAN2 the following question:
· When the network configures band A+B+C, how to determine the switching period for band pair A+B and A+C from RAN2 signalling perspective?

RAN4 is still discussing the applied switch period for the case of A+B+C from RAN4 perspective, and RAN4 will keep RAN2 updated if any new progress.


As we can see, RAN4 asks RAN2 to provide views from RAN2 perspective, meanwhile, RAN4 also highlights that they will continue discussing this issue in RAN4. 
From RAN2 signalling point of view, based on current fallback BC mechanism, both {A+B: 35us, A+C: 140us} and {A+B:140us, 35us} can be considered as valid capability for fallback BC A+B+C. However, different from other UE capabilities, for switching period, both the network and the UE should have the same understanding on which set of values is applied, otherwise, it impacts the scheduling performance. So, how to align the understanding between the network and UE becomes a problem. 
Observation 1: Based on current RAN2 specification (e.g. the fallback mechanism), both {A+B: 35us, A+C: 140us} and {A+B:140us, 35us} can be considered as valid for fallback BC: A+B+C. 
Based on RAN4’s discussion, several solutions were proposed by companies:
	>Alt.1: Network configuration
Alt.1-1: Network configures if ABC was a fallback of ABCD or ABCE thus UE knows from which higher order combination the switching periods are inherited from
[bookmark: OLE_LINK4]Alt.1-2: Network configures the switching periods for band pair explicitly respecting the UE capability indication, i.e. either the [AB:35, BC:140] or [AB:140, BC:35]
>Alt.2: UE reports preferred capability in addition
Alt.2-1: 	UE additionally reports the switch period capability for A+B+C and override the switch period capability inherited from the parent band combination A+B+C+D or A+B+C+E.
Alt.2-2: 	UE additionally indicate network which switch period capability is applied, i.e. either the [A+B:35us, B+C:140us] or [A+B:140us, B+C:35us].
[bookmark: OLE_LINK7]>Alt.3: The maximum switch period capability is applied for each band pair between A+B+C+D and A+B+C+E.


From RAN2 perspective, any of above options works, the key difference is whether the UE or the network should decide the switching period value for fallback BC. From RAN2 signalling perspective, Alt.1 requires new signalling, but Alt.2 and Alt.3 can be applied to existing signalling. As network vendor, although Alt.1 looks more flexible to us, we are not sure whether it is feasible to control the UE’s hardware implementation by sending some indication. Please note that UL Tx switching function may be enabled after CA has been configured for a while. 
While Alt.3 is straightforward, but the drawback is that the switching period will be longer than expected, and the performance gain is gone. So, from RAN2 perspective, we prefer to allow the UE to report a separate BC entry (A+B+C) in its capability, in this case, it is up to the UE to decide which set of switching period values should be used when 3 bands CA is configured. 
Proposal 3  Reply to RAN4 that from RAN2 signalling point of view, it is feasible to report separate capabilities for fallback BC (A+B+C), in this case, the capabilities indicated for fallback BC will be applied when A+B+C is configured. 
Considering in the LS, RAN4 does not ask RAN2 to address the issue and they also indicate they will continue the discussion in RAN4, so, if companies cannot reach consensus in RAN2 on which way to go, we suggest to wait for RAN4. 
[bookmark: _Hlk146823853][bookmark: _Hlk134649450]Observation 2	RAN2 was not asked to solve this problem, so wait for RAN4 if companies cannot reach consensus in RAN2. 
3. Conclusion
In this contribution, proposals and observations are:
Observation 1: Based on current RAN2 specification (e.g. the fallback mechanism), both {A+B: 35us, A+C: 140us} and {A+B:140us, 35us} can be considered as valid for fallback BC: A+B+C. 
Observation 2	RAN2 was not asked to solve this problem, so wait for RAN4 if companies cannot reach consensus in RAN2. 
Proposal 1	For RAN4’s new LS for reporting UE’s preferred switching order, to define the new UE capability in UplinkTxSwitchingAdditionalPeriodDualUL-r18, adopt the following TP for ASN.1 and corresponding field description:
 UplinkTxSwitchingAdditionalPeriodDualUL-r18::=     CHOICE {
    uplinkTxSwitchingBetweenBandPairs-r18             SEQUENCE {
        bandPairIndex1-r18                               INTEGER(1..maxULTxSwitchingBandPairs),
        bandPairIndex2-r18                               INTEGER(1..maxULTxSwitchingBandPairs),
        switchingPeriodBetweenBandPairs-r18               CHOICE {        
            additionalSwitchingPeriod-r18                    ENUMERATED {n35us, n140us, n210us},
            preferredSwitchingOrder-r18                      ENUMERATED {case1, case2}
        }
    },
uplinkTxSwitchingBetweenBandPairAndBand-r18	   SEQUENCE {
        bandPairIndex1-r18                               INTEGER(1..maxULTxSwitchingBandPairs),
        bandIndex-r18                                    INTEGER(1..maxSimultaneousBands),
        additionalSwitchingPeriod-r18                    ENUMERATED {n35us, n140us, n210us}
    }
}

	preferredSwitchingOrder-r18
Indicates UE’s preferred switching order when UL Tx switching is performed from one band pair to another band pair, as defined in TS 38.101-1 [15].
Value case1 means UE prefers to switch one of the two Tx chains from the first band entry of band pair indicated by bandPairIndex1 to the first band entry of band pair indicated by bandPairIndex2, the other Tx chain switches from the second band entry of band pair indicated by bandPairIndex1 to the second band entry of band pair indicated by bandPairIndex2.
Value case2 means UE prefers to switch one of the two Tx chains from the first band entry of band pair indicated by bandPairIndex1 to the second band entry of band pair indicated by bandPairIndex2, the other Tx chain switches from the second band entry of band pair indicated by bandPairIndex1 to the first band entry of band pair indicated by bandPairIndex2.


Proposal 2	RAN2 to clarify if “switching2T-Mode-r18” IE is configured for a band pair, whether 2Tx-2Tx switching period of this band pair will be considered as the input for switching period calculation, for instance, when calculating “min {max(Tswitch_A-C, Tswitch_B-D), max(Tswitch_A-D, Tswitch_B-C)}” or “max(Tswitch_A-C,Tswitch_B-D ,Tswitch_A-D, Tswitch_B-C)” for switching across 4 bands. 
Proposal 3  Reply to RAN4 that from RAN2 signalling point of view, it is feasible to report separate capabilities for fallback BC (A+B+C), in this case, the capabilities indicated for fallback BC will be applied when A+B+C is configured. 
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