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1 Introduction
This paper provides our initial view on Rel-18 Multi carrier enhancements with draft LS replying to RAN1 LS [1].
2 Discussion
2.1 Background
RAN#94 approved Rel-18 Multi-carrier enhancements WI [2]. As one of the objectives in the WI, UL Tx switching  across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs is included. RAN1#109-e has started the discussion on UL Tx switching across 3 or 4 bands, and RAN1 approved a LS [1] to ask RAN4’s feedbacks on UE complexity, switching periods, and general assumption.

This paper provides our initial views on the topic and a draft reply LS. One of the main discussion points is switching mechanisms as mentioned in the LS [1]. RAN1 waits for RAN4 feedbacks to down-select the mechanism. As RAN1 plans to finish the down-selection by RAN1#110bis-e according to the work plan [3], it is necessary to send a reply LS from RAN4 to RAN1 by the end of RAN4#104-e.
Questions asked by RAN1 LS [1]:
To RAN WG4
ACTION: 

· RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on potential increase of switching period and UE’s complexity in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands. 

· RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands.

· “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”

2.2 Views on RAN1’s questions

To analyse the difference between 3 or 4 bands and 2 bands cases, we summarize possible cases of number of Tx chains for each band in Figure 2.2-1 and Figure 2.2-2 based on Alternative 1 mechanism in RAN1 LS which is the straightforward extension for 3 or 4 bands. In case of CA option 1 (switchedUL), the number of the possible cases is 3 cases for 3 bands Tx switching and 4 for 4 bands while it is 2 for 2 bands Tx switching. In case of CA option 2 (dualUL), the number of the possible cases is 6 cases for 3 bands Tx switching and 10 for 4 bands while it is 3 for 2 bands Tx switching. 

[image: image8.png]Same band

L] Lboam || Lam L 117x

1 Tx 1 Tx 1 Tx 1 Tx

1 Tx

Pattern 4 Pattern 5 Pattern 6 Pattern 7





Figure 2.2-1: Number of Tx switching cases for 2, 3, 4 bands in case of CA option 1 (switchedUL)
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Figure 2.2-2: Number of Tx switching cases for 2, 3, 4 bands in case of CA option 2 (dualUL)
Although the switching period is the required time duration for UE to transfer from one case to another case, by considering it band agnostic, we can categorize 7 patterns as shown in Figure 2.2-2 and Figure 2.2-3. Figure 2.2-2 shows Tx switching patterns between cases which are seen in existing Rel-17 Tx switching. In case of CA option 1 (switchedUL), there is only Pattern 3 irrespective of the number of bands. Figure 2.2-3 shows new Tx switching patterns seen in case of 3 or 4 bands with CA option 2 (dualUL). Pattern 7 is only for 4 bands case.
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Figure 2.2-3: Existing Tx switching patterns in Rel-17 UL Tx switching
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Figure 2.2-4: New Tx switching patterns seen in case of 3 or 4 bands
On the first RAN1 question regarding UE’s complexity, we think that Alt 1 is a better way compared to Alts 2 and 3 based on the following consideration. We think that Alt.1 is straightforward extension for 3 or 4 bands based on Rel-17 UL Tx switching, and number of switching cases is increased from 2 bands case especially for CA option 2 as shown in Figure 2.2-2. For each Tx chain, number of candidate target bands for switching is increased and it may impact to the complexity e.g., number of configurations stored for the dynamic switching. In Alt 2, NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE and thus we can limit the number of Tx switching cases. However, even though the number of Tx switching cases can be limited during a certain period of time, UE anyway needs to support all cases since NW would indicate other band pairs of 2 bands during other periods of time. In that sense, Alt.2 may also need to have same number of configurations stored for the switching as in Alt.1, but stored configurations for dynamic switching can be selected based on DCI or MAC-CE indication. Given that Alt 2 can reduce complexity by serving time to select the configurations of 2 bands for dynamic switching based on DCI or MAC-CE, we think the same/similar processing can be done in Alt.1 by serving a certain amount time from scheduling DCI to PUSCH since anyway transmission in only on 1 band at a time in CA option 1 and up to 2 bands at a time in CA option 2 irrespective Alt.1/2/3. If so, there may be no difference in complexity between Alt 1 and 2, or rather Alt.2 may have larger complexity due to processing new DCI or MAC-CE indicating 2 bands. Alt.3 proposes to reduce complexity by limiting dynamic Tx switching via anchor bands. However, although candidates of Tx switching cases from non-anchor bands are limited only to anchor bands, candidates of Tx switching cases from anchor bands are not particularly limited i.e., any non-anchor band can be the candidate for Tx switching. Therefore, maximum number of candidates for switching at a time would be same as in Alt.1, and further study on how complexity will be reduced by Alt.3 may be needed. Therefore, we think there would be no clear difference among Alt 1, 2, and 3 in terms of complexity while Alt 1 is a straightforward way to enhance Rel-17 Tx switching and several simulation evaluations based on Alt 1 already showed performance gain while Alt.2 and 3 will cause performance degradation compared with Alt.1 due to scheduling limitation.

Observation 1: 
· Alt.1 is straightforward extension for 3 or 4 bands based on Rel-17 UL Tx switching, and number of switching cases is increased from 2 bands case especially for CA option 2.

· Alt.2 would also need to support same number of cases as in Alt.1 but candidate cases for dynamic switching can be limited by DCI or MAC-CE indication. To select appropriate candidate configurations for each Tx chain based on the DCI or MAC-CE indication, certain time duration may be necessary, and same/similar processing can be done in Alt.1 if there is sufficient time between scheduling DCI and PUSCH transmission.

· Alt.3 limits candidate cases for dynamic switching by setting anchor band. Although the candidate band for switching from non-anchor band can be limited to anchor band only, the candidate bands for switching from anchor band would not be limited and any non-anchor band can be the candidates. In that sense, maximum number of candidates for switching at a time would be same as in Alt.1.

Observation 2: There would be no significant difference on complexity among Alt.1/2/3 while there would be performance degradation in Alt.2/3 compared with Alt.1 due to scheduling limitation.
On the first RAN1 question regarding potential increase of the switching period, although there are new switching patterns in case of 3 or 4 bands with CA option 2, we think it is not necessary to introduce larger values of switching periods than what we have in Rel-17, i.e., 35 us, 140 us, and 210 us. Even in Rel-17, there is Pattern 3 where UE needs to reconfigure 2Tx chains from one band to another band. Therefore, tt is expected that the procedure of Tx switching seems similar in Pattern 5, 6 and 7 where UE needs to reconfigure 2Tx chains from one band to another band. For Pattern 4, since a band associated with 1Tx chain is not changed, the required switching period would not be longer than that for Pattern 5/6/7. Therefore, so far, we can see no reason to introduce larger values of switching periods. We also see the related RAN1 discussion concerning potential long switching period [4], but as far as we see, there is no clear reason. In addition, from system performance perspective, we think it should be better to avoid larger switching periods. One of the RAN1 contributions [5] points out that larger switching period leads to less performance gain. It makes this feature less effective. Based on the discussion above, we propose not to introduce larger value of switching period than those in Rel-17.
Observation 3: From UE implementation perspective, so far, there would be no reason to introduce larger switching period in case of 3 or 4 bands compared to 2 bands Tx switching, as switching pattern in terms of the number of Tx chains that reconfigure associated band is similar between 3 or 4 bands case and 2 bands case.
Observation 4: From system performance perspective, introducing larger switching periods than 210 us makes the feature less effective.
Proposal 1: RAN4 does not introduce larger value of switching period than those in Rel-17 in case of 3 or 4 bands for Rel-18 Tx switching.
On the second RAN1 question regarding general assumption, we think the assumption applies to the case of 3 or 4 bands except for Pattern 4. In Patterns other than 4, bands associated with Tx chains get involved with switching. However, in Pattern 4, there is one band associated with Tx chain which does not get involved with switching, and the switching at another Tx chain is performed between different bands from that band. This pattern does not exist in Rel-17. In RAN1 discussion, there are some comments saying that it is premature to decide to apply the general assumption to Rel-18 Tx switching and it should be discussed in RAN4. On the other hand, there are other comments that, even in Pattern 4, the same assumption should apply. Based on the discussion, RAN1 moderator proposed that the assumption applies as a baseline assumption, and advanced UE capability/assumption can be considered. The proposal was not approved since the conclusion is to wait for RAN4 input. We think it is a middle way between companies. Therefore, we propose as following:


Observation 5: For Pattern 4 in Figure 2.2-3 (e.g., Band A+B => band A+C), the band associated with one Tx chain does not get involved with switching at all, which is a new pattern not in Rel-17.


Proposal 2: The following assumption can be considered as a baseline UE capability/assumption for Rel-18 UL UL Tx switching across up to 3 or 4 bands

· When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain is also not expected to be used for transmission during the switching period
·  Other advanced UE capability/assumption can also be considered, e.g., when one of the two Tx chains is triggered to switch from one band to another band while a band associated with another Tx chain does not get involved with the switching, another Tx chain can be used for transmission during the switching period.
Based on the discussion above, we propose a draft LS in the end of this document:


Proposal 3: Send RAN4 LS to RAN1 as described in appendix.
3 Conclusion
Here we summarize our proposals: 
Observation 1: 
· Alt.1 is straightforward extension for 3 or 4 bands based on Rel-17 UL Tx switching, and number of switching cases is increased from 2 bands case especially for CA option 2.

· Alt.2 would also need to support same number of cases as in Alt.1 but candidate cases for dynamic switching can be limited by DCI or MAC-CE indication. To select appropriate candidate configurations for each Tx chain based on the DCI or MAC-CE indication, certain time duration may be necessary, and same/similar processing can be done in Alt.1 if there is sufficient time between scheduling DCI and PUSCH transmission.

· Alt.3 limits candidate cases for dynamic switching by setting anchor band. Although the candidate band for switching from non-anchor band can be limited to anchor band only, the candidate bands for switching from anchor band would not be limited and any non-anchor band can be the candidates. In that sense, maximum number of candidates for switching at a time would be same as in Alt.1.

Observation 2: There would be no significant difference on complexity among Alt.1/2/3 while there would be performance degradation in Alt.2/3 compared with Alt.1 due to scheduling limitation.
Observation 3: From UE implementation perspective, so far, there would be no reason to introduce larger switching period in case of 3 or 4 bands compared to 2 bands Tx switching, as switching pattern in terms of the number of Tx chains that reconfigure associated band is similar between 3 or 4 bands case and 2 bands case.

Observation 4: From system performance perspective, introducing larger switching periods than 210 us makes the feature less effective.

Proposal 1: RAN4 does not introduce larger value of switching period than those in Rel-17 in case of 3 or 4 bands for Rel-18 Tx switching.
Observation 5: For Pattern 4 in Figure 2.2-3 (e.g., Band A+B => band A+C), the band associated with one Tx chain does not get involved with switching at all, which is a new pattern not in Rel-17.

Proposal 2: The following assumption can be considered as a baseline UE capability/assumption for Rel-18 UL UL Tx switching across up to 3 or 4 bands

· When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain is also not expected to be used for transmission during the switching period
·  Other advanced UE capability/assumption can also be considered, e.g., when one of the two Tx chains is triggered to switch from one band to another band while a band associated with another Tx chain does not get involved with the switching, another Tx chain can be used for transmission during the switching period.
Proposal 3: Send RAN4 LS to RAN1 as described in appendix.
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1. Overall Description:
RAN4 thanks RAN1 for sharing the agreements and asking RAN4 to provide feedbacks. RAN4#104-e discussed and reached the following conclusion for each question from RAN1.

Regarding the first question on UE’s complexity, RAN4 has following observation based on the discussion.

· Alt.1 is straightforward extension for 3 or 4 bands based on Rel-17 UL Tx switching, and number of switching cases is increased from 2 bands case especially for CA option 2.
· Alt.2 would also need to support same number of cases as in Alt.1 but candidate cases for dynamic switching can be limited by DCI or MAC-CE indication. To select appropriate candidate configurations for each Tx chain based on the DCI or MAC-CE indication, certain time duration may be necessary, and same/similar processing can be done in Alt.1 if there is sufficient time between scheduling DCI and PUSCH transmission.
· Alt.3 limits candidate cases for dynamic switching by setting anchor band. Although the candidate band for switching from non-anchor band can be limited to anchor band only, the candidate bands for switching from anchor band would not be limited and any non-anchor band can be the candidates. In that sense, maximum number of candidates for switching at a time would be same as in Alt.1.
· There would be no significant difference on complexity among Alt.1/2/3 while there would be performance degradation in Alt.2/3 compared with Alt.1 due to scheduling limitation.
Regarding the first question on potential increase of switching period, RAN4 considers that the existing switching periods (the maximum value is 210us) is sufficient in case of UL Tx switching across 3 or 4bands.
Regarding the second question on general assumption, RAN4 considers that the following assumption can be considered as a baseline UE capability/assumption for Rel-18 UL UL Tx switching across up to 3 or 4 bands
· When one of the the two Tx chains is triggered to switch from one band to another band, another Tx chain is also not expected to be used for transmission during the switching period
In addition, other advanced UE capability/assumption can also be considered.  For example, when one of the two Tx chains is triggered to switch from one band to another band while a band associated with another Tx chain does not get involved with the switching, the another Tx chain can be used for transmission during the switching period.
2. Actions:

To RAN WG4
ACTION: 
· RAN4 respectfully asks RAN1 to take the above information into account for Rel-18 Tx switching across 3 or 4bands.
3. References:
[x]


4. Date of Next RAN WG4 Meetings:
TSG-RAN WG4 Meeting #104-e-bis


10th – 19th October 2022

Online
TSG-RAN WG4 Meeting #105-e


14th – 18th November 2022

Canada, CA
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