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1 Introduction
RAN4#95-e approved an “WF on Applicability of DL interruption for Tx switching” [1]. The remaining issues are selecting one of the following options. Note that the option 1 only applies to EN-DC configurations. Moreover, if RAN4 adopts the option 2, then, we need to set a certain criterion as well as which specification (38.101 or 38.133) captures which configurations is allowed to use DL interruption. 
· Option 1: DL interruptions due to UL Tx switching are not allowed for any band configurations. 
· Option 2: DL interruptions are only allowed for band configurations where it is difficult to avoid DL interruptions
· Option 3: DL interruptions on any band configurations with UE capability indication should be allowed.
This contribution provides our views on these remaining issues.
2	DL interruptions for EN-DC
First of all, we understand that Tx switching may increase system capacity under some conditions such that simultaneous two uplink carriers on different two bands has less opportunity to use it due to IMD issues etc and UL MIMO is used for NR UL. This implies that the current band configurations themselves have some sever restriction to achieve the originally expected target due to some restriction in operation. The below Table 2-1 summarize what kind of restriction and relaxation are allowed for the band configurations captured in [1].
Table 2-1: band combinations captured in [1] and operation restriction and reference relaxation[image: ]
It is true that there are configurations that do not have any restrictions while there are some combinations with huge MSD and operation restriction. 
Observation 1: Some of the band combinations listed in the WF of R4-2008476 already MSD on both DL or either of DL and/or operation restriction like SUO.
If we take a look at EN-DC Band 3 + NR Band 78 as an example, which has large MSD due to IMD2 on FDD carrier and 2nd harmonic on TDD carrier. And we also believe that this band combination is and will be available in various countries. From operators who use this band combination perspective, this Tx switching could be beneficial, if we can make maximum use of n78’s strength that is UL MIMO with PC2(HPUE). If, however, we allow this band combination to use DL interruption, the value of this feature almost goes away or any even makes it impossible to use since LTE DL is severely impacted so as its UL as elaborated in the below case study in [2].
--------------------------------------------------------excerption from [2]-----------------------------------------------------------------
E.g. a 5 ms TDD pattern may consistently land the DL interruption on the LTE PSS/SSS (EN-DC), SSB or TRS (NR CA) making the UE lose the radio link. In most cases the interruption would land on the beginning of the DL subframe/slot eliminating the PDCCH and thus losing a slot. 
Taking a case study of EN-DC with 30 kHz SCS TDD NR operating with DDDSU-DDSUU pattern:
[image: ]
[bookmark: _Hlk37435386]Figure 1: Impact of the DL interruption and loss of LTE uplink due to non-simultaneous Tx, DDDSU-DDSUU
[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 (Compromised 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)
-------------------------------------------------End of the excerption from [2]----------------------------------------------------------
Observation 2: Allowing DL interruption for EN-DC highly reduces the value of Tx switching feature to enable UL MIMO for NR UL and even if the feature was supported with such an explicit degradation, it may be difficult to use this feature due to severe legacy LTE performance implications.
With respect to challenges in terms of UE implementation, we understand there are cases that UEs are difficult to avoid DL interruptions due to some implementation restrictions such that cost, the number of band combinations etc. Tx switching feature itself, however, is an optional feature per band combination. Hence, if UEs would like to support 20 band combinations and two of 20 cannot avoid DL interruptions, the two combinations do not need to signal Tx switching capability while the UE can still support 20 band combinations. Hence, we do not believe that we dare to explicitly allow DL interruptions for some band combinations or all the band combinations in the RAN4 specifications. 
Observation 3: Specification allows UEs not to support Tx switching per band combination basis if it is difficult to support it for some band combinations.
Hence, we can conclude that we do not dare to explicitly allow DL interruptions for any EN-DC band combinations.
Proposal 1: DL interruptions due to UL Tx switching are not allowed for any EN-DC band combinations.
3	DL interruptions for UL CA
Though the same principle discussed in Section 2 applies to DL interruptions for CA, RAN4 agreed that DL interruptions for UL CA is allowed. According to the WF of [1], there are following two options.
· Option 1: DL interruptions are only allowed for band combinations where it is difficult to avoid DL interruptions in practical UE implementations.
· Option 2: DL interruptions on any band combinations with UE capability indication should be allowed
As was discussed in Section 2, there is no reason to take the Option 2. Hence, we focus on the Option 1 and proceed with the discussion under the assumption that fundamentally DL interruptions itself do not need to be specified for band combinations supporting Tx switching as the baseline based on the Observation 3. 
Regarding the Option 1, the point of the discussion is how we can identify difficult band combinations and what the condition(s) is. So far, some papers [3-5] roughly explained why UE requires a certain period for Tx switching and reason(s) why DL interruptions are needed in terms of UE implementation.
One of the ways would be setting a threshold based on frequency separation between bands as explained in [3]. It can be seen that the motivation to take this method is to avoid PLL pulling due to using close frequencies.
If we understand the paper of [3] correctly, band combinations meet the below criteria do not need DL interruptions.
Observation 4: Frequency gap between bands can be one of the criteria to select band combinations which requires DL interruptions. 
Criteria 1: FGAP > 200MHz separation when TDD band <=2GHz. 
Criteria 2: FGAP > 400MHz when 2GHz <=TDD band <=4GHz. 
Criteria 3: FGAP > 800MHz when TDD band >=4GHz.
In this case, for instance, CA_n1-n40 requires DL interruptions since n40 meets 2GHz <=TDD band <=4GHz and the frequency gap between n1 and n40 is 130 MHz. Thus, Criteria 2 cannot be met.
Another option could be to use UE’s switching period. According to the latest specification of TS38.133, three options are allowed for UL CA. These are 35 us, 140 us and 210 us. One of them is reported to NW via uplinkTxSwitchingPeriod per band combination basis. During this switching period discussion, some said a certain implementation shares limited RF components as much as possible and hence, that would increase switching period accordingly. Though this may not apply to all the cases, this reported value would imply that how much tuned designed is conducted for that band combination. That means if the value is smaller like 35 us for some band combinations, then, that UE may have higher possibility to avoid DL interruptions for that band combinations than band combinations whose value is 210 us.  
Observation 5: Reported switching period can be one of the criteria to select band combinations which requires DL interruptions. 
From the above observations and the proposal 1, we propose the following.
Proposal 2: 
· No DL interruptions allowed for any band combinations is the baseline for UL CA band combinations
· Capture band combinations which need DL interruptions in the spec if specific criteria cannot be met
· Discuss and identify potential criteria. Some candidates are provided as follows.
· Criteria 1: Frequency gap between bands and TDD bands frequency range
· Note that in principle if the gap is narrower, higher possibility to require DL interruption.
· Criteria 2: Reported Tx switching period via uplinkTxSwitchingPeriod
· Note that if the period is 210 us, higher possibility to require DL interruption
· Criteria 3: combination of Criteria 1 and 2
· Other criteria are not precluded
4	Conclusion
This contribution addressed the remining issues captured in the WF of [1] for DL interruptions. As a result, we obtained the following observations and proposals.
Observation 1: Some of the band combinations listed in the WF of R4-2008476 already MSD on both DL or either of DL and/or operation restriction like SUO.
Observation 2: Allowing DL interruption for EN-DC highly reduces the value of Tx switching feature to enable UL MIMO for NR UL and even if the feature was supported with such an explicit degradation, it may be difficult to use this feature due to severe legacy LTE performance implications.
Observation 3: Specification allows UEs not to support Tx switching per band combination basis if it is difficult to support it for some band combinations.
Proposal 1: DL interruptions due to UL Tx switching are not allowed for any EN-DC band combinations.
Observation 4: Frequency gap between bands can be one of the criteria to select band combinations which requires DL interruptions. 
Observation 5: Reported switching period can be one of the criteria to select band combinations which requires DL interruptions. 
Proposal 2: 
· No DL interruptions allowed for any band combinations is the baseline for UL CA band combinations
· Capture band combinations which need DL interruptions in the spec if specific criteria cannot be met
· Discuss and identify potential criteria. Some candidates are provided as follows.
· Criteria 1: Frequency gap between bands and TDD bands frequency range
· Note that in principle if the gap is narrower, higher possibility to require DL interruption.
· Criteria 2: Reported Tx switching period via uplinkTxSwitchingPeriod
· Note that if the period is 210 us, higher possibility to require DL interruption
· Criteria 3: combination of Criteria 1 and 2
· Other criteria are not precluded
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