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1. Introduction
In RAN4 #104e, the reply LS to RAN1 on UL Tx switching across 3 or 4 bands was approved in [1], and RAN4 WFs on Rel-18 UL Tx switching with single TAG and multi TAGs were approved in [2] and [3] respectively. 
This contribution discusses the open issues in the WFs. 
2. Tx switching across 3 and 4 bands with single TAG
2.1	Length of UL switching period
In RAN4 #104e, the following agreements were reached regarding the length of switching period [1]:
On the length of switching period:
· For UL switching period with Tx switching across 3 or 4 bands, RAN4 agreed to reuse the same set of values as in Rel-16/17, i.e., {35 us, 140 us, 210 us} for UL CA and SUL.
· The length of switching period is applied per band pair for each band combination. 
· For each band pair, the switching period can be the same or different for 1Tx-2Tx switching and 2Tx-2Tx switching based on UE reporting, which is similar as in Rel-17.
· Note: For UE reporting different periods for 1Tx-2Tx switching and 2Tx-2Tx switching for a band pair, similar to Rel-17, it is RAN4 understanding that the 2Tx-2Tx switching period is applied when 2Tx-2Tx switching mode is configured.
· For the same band pair, RAN4 has not concluded on whether the same or a different value can be reported for the specific band pair supporting Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17.

For the above last bullet on exact value of Tx switching period, two options were captured in the WF [2]:
Issue 2-1-3: Exact value of Tx switching period
· Further discuss the two options in the next meeting:
· Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18 Tx switching.
· Option 2: Although the set of switching periods is the same as in Rel-16/17, a different value can be reported for each band pair in Rel-18 Tx switching with 3/4 bands configured.
In our view, for Rel-18, although the configured bands is increased to be 3 or 4, the Tx switching is still conducted between 2 bands for each switching occasion, with the same UE switching behavior as in Rel-16/17. 
For option 2, if a different value is be reported, it will be a larger value, for example, the switching time is increased from 35 us to 140 us, or from 140 us to 210 us. Thus option 2 will allow negative network performance impact for Rel-18 Tx switching.
In contrast, the main motivation of option 1 is not to increase the switching time in the case with 3/4 bands configured. An example is given below based on the discussion in the last meeting:
· If CA_n1-n2 (across 2 bands): period of 35 us
· Then, CA_n1-n2 (across 3 bands, e.g., n1, n2 and n3): period of 35 us
· and CA_n1-n2 (across 4 bands, e.g., n1, n2, n3 and n4): period of 35 us
So, we don’t see the necessity of increasing switching time compared to the scenario with 2 band configured, and we support option 1. 
Proposal 1: For Rel-18 Tx switching, reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18 Tx switching (i.e., option 1).
2.2 Impact from switching of one Tx chain on the other Tx chain
In RAN4 #104e, the following agreements were reached in the reply LS [1]:
· RAN4 has discussed the UE assumption/behavior considering two cases:
· Case 1: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on either band A or band B.
For Case 1, RAN4 agreed that neither of Tx chains is expected to be used for transmission during the switching period. 
· Case 2: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on a different band (named “band C”).
For Case 2, RAN4 agreed that, as baseline UE assumption, neither of Tx chains is expected to be used for transmission on band C during the switching period. 
The following action point was captured in the WF:
· Impact on the band with the number of Tx chain unchanged due to switching
· As baseline UE assumption, neither of Tx chains is expected to be used for transmission on band C during the switching period.
· RAN4 will further discuss optional advanced features to allow the other Tx chain can be expected to be used for transmission on band C during the switching period as advanced/optional UE assumption. 
According to the discussion in the last meeting, we can further discuss this issue based on two examples:
Example 1:
For Tx switching across 3 bands of band A, B and C:
· When the status of Tx chains before and after Tx switching is: 
· Before Tx switching: (band A, band B, band C) = (1, 0, 1)
· After Tx switching: (band A, band B, band C) = (0, 1, 1)
· The status of Tx chain on band C is not changed before and after the switching of the other Tx chain.
For this example, the question is that: is the Tx chain on band C expected to be used for UL transmission during the switching period?

Example 2:
For Tx switching across 4 bands of band A, B, C and D:
· When the status of Tx chains before and after Tx switching is:
· Before Tx switching: (band A, band B, band C, band D) = (1, 0, 1, 0)
· After Tx switching: (band A, band B, band C, band D) = (0, 1, 0, 1)
· Switching period for band pair A+B is 35us, and switching period for band pair C+D is 140us.
For this example, the question is that: when the Tx switching between band A and B is completed within 35us, is the Tx chain on band A or B expected to be used for UL transmission in the 140 - 35 = 105 us duration?

In our view, for both examples, the answer is “expected” for the advanced UE assumption. When one Tx chain is switched between two bands, we are not technically convinced why the UL transmission on other band(s) should be impacted. If the impact on other band(s) always exists, in the real network, the UL transmission on other band(s) will be interrupted when nothing happens on their own band(s). It will bring system performance degradation as well as network scheduling restriction.
For the sake of progress, we already compromised and agreed on the baseline UE assumption, and we think the advanced UE assumption should be not precluded.
Observation 1: If the impact on other band(s) with the number of Tx chain “unchanged” always exists, in the real network, the UL transmission on other band(s) will be interrupted when nothing happens on their own band(s). It will bring system performance degradation as well as network scheduling restriction.
Proposal 2: As optional and advanced feature, when one of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on a different band (named “band C”), the other Tx chain is expected to be used for transmission on band C during the switching period.
2.3 RF requirements
The following agreements were captured in the WF:
· No need to define RF requirements for UL CA with UL simultaneous transmission on 3 and 4 bands in the WI. 
· For the next meeting, encourage analysis/identification of the RAN4 RF requirements needed for this WI.
For the RAN4 RF requirements, firstly, the basic/existing RF requirements for the corresponding CA and SUL+CA band combinations are applied. More specifically, the RF requirements for CA & SUL+CA band combinations with 3 or 4 bands configured and with 1 UL band or 2 UL bands (via UL CA) simultaneous transmission should be satisfied.
Further, switching time mask requirements are to be defined in Rel-18. Since we agreed that the length of switching period is applied per band pair for each band combination, we think it is feasible to define the switching time mask requirements per band pair. In such case, the specification work will be similar to Rel-16/17.
One additional issue is that, for CA option 2, the 2 Tx chains can be switched between 2 different band pairs (e.g., Tx #1 from band A to band B, Tx #2 from band A to band C) across the same time. We are open to discuss whether additional switching time mask requirements are needed for this case.
Proposal 3: For UL Tx switching across 3 or 4 bands, the basic RF requirements for CA & SUL+CA band combinations with 3 or 4 bands configured and with 1 UL band or 2 UL bands (via UL CA) simultaneous transmission should be satisfied.
Proposal 4: It is feasible to define the switching time mask requirements per band pair with 3 or 4 bands configured, and the specification work will be similar to Rel-16/17.
Proposal 5: Further discuss whether additional time mask requirements are needed for CA option 2 when the 2 Tx chains are switched between 2 different band pairs across the same time.
2.4 Location of switching period
For Rel-16/17 Tx switching, the location of UL switching period was discussed in RAN4, e.g., the following agreement was reached in RAN4 Rel-17 [4]:
In RAN4 #97e, the follow agreements have been reached for 2Tx-2Tx switching between two uplink carriers for SUL and UL CA:
· Location of switching period
· Reuse Rel-16 agreement for UL CA and SUL, i.e., semi-statically configure the switching period on one of the two uplink carriers
In RAN4 #97e and RAN4 #98e, the follow agreements have been reached for 	1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA:
· Switching time mask related requirements
· For the location of switching period, it is semi-statically configured on one of the two uplink bands.
In Rel-18, the number of switching cases is increased with the number of configured bands, and also it would be possible that the two Tx chains can be switched between two different band pairs. In our view, in Rel-18, it would more efficient to discuss the location of switching period in RAN1 together with the switching mechanism. RAN4 can also RAN1 LS about this recommendation.
Observation 2: For Rel-18 Tx switching, it would more efficient to discuss the location of switching period in RAN1 together with the switching mechanism.
Proposal 6: Inform RAN1 that RAN4 recommends RAN1 to discuss and decide the location of UL switching period for Rel-18 Tx switching.
2.5 Applicability of DL interruption
For Rel-16/17 Tx switching, the applicability of DL interruption was discussed in RAN4 RF session (e.g., the following agreements were reached in RF session in Rel-17 [4]), and the length of DL interruption was discussed in RAN4 RRM session.
In RAN4 #97e, the follow agreements have been reached for 2Tx-2Tx switching between two uplink carriers for SUL and UL CA:
· Applicability of DL interruption
· Reuse the Rel-16 agreement:
· For SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.
· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.
In RAN4 #97e and RAN4 #98e, the follow agreements have been reached for 	1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA:
· Applicability of DL interruption
· The same agreements are applied for the scenarios with either one carrier or two contiguous aggregated carriers on band B
· For SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.
· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.
For Rel-18 Tx switching, in general, we can follow the principle agreed in Rel-16/17, and additional scenario for CA option 2 with the two Tx chains switched between two different band pairs needs to be considered, as the example given below:
Example 3:
For Tx switching across 4 bands of band A, B, C and D:
· When the status of Tx chains before and after Tx switching is:
· Before Tx switching: (band A, band B, band C, band D) = (1, 1, 0, 0)
· After Tx switching: (band A, band B, band C, band D) = (0, 0, 1, 1)
For this example, it is possible that the Tx switching can be conducted from band A->C + B->D or band A->D + B->C, and whether the DL interruption is required can also different for different switching band pairs. To our understanding, this ambiguity does not only exist for the applicability of DL interruption, but also for the length and location of Tx switching period. We think this ambiguity can be discussed and resolved in RAN1.
Proposal 7: Reuse the applicability of DL interruption agreed in Rel-16/17:
· For combinations of SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.
· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.
· For SUL+TDD+FDD combinations, for Tx switching between SUL and TDD bands, DL interruption on the SUL and TDD bands is not required.
Proposal 8: For Tx switching across 4 bands, when the status of Tx chain on the 4 bands before and after switching is {1, 1, 0, 0} and {0, 0, 1, 1} respectively, there is ambiguity on the switched band pair of each Tx chain. In RAN4 understanding, RAN1 will discuss and resolve this ambiguity.
2.6 UL-MIMO coherence
For UL-MIMO coherence, the following agreement was reached in Rel-17 [5]:
Regarding the UL-MIMO coherence for the above Rel-17 Tx switching scenarios, RAN4 reached the following agreements:
· For 3CC (within 2 bands) 1Tx-2Tx switching
· The Rel-16 per BC UE capability for 2CC 1Tx-2Tx switching can be applied, i.e., the same capability applies to both Rel-16 and Rel-17 1Tx-2Tx switching.
· If the per BC UL-MIMO capability for 1Tx-2Tx switching is absent, the existing Rel-15 per band UE capability pusch-TransCoherence is applicable to each of the 2Tx-capable bands for 1Tx-2Tx switching.
· For 2CC and 3CC 2Tx-2Tx (within 2 bands) switching
· Introduce new per band per BC UL-MIMO coherence capability, and the same capability applies to both 2CC and 3CC (within 2 bands) 2Tx-2Tx switching.
· If the per band per BC UL-MIMO coherence capability is absent, the per BC UL-MIMO coherence capability for 1Tx-2Tx switching is applicable to 2Tx-2Tx switching.
· If both the per band per BC UL-MIMO coherence capability and per BC UL-MIMO coherence are absent, the existing Rel-15 per band UE capability pusch-TransCoherence is applicable to each of the bands for 2Tx-2Tx switching.
· The above UL-MIMO coherence capability for Tx switching applies when UE is configured with uplink switching, and uplink switching is triggered by the switching mechanisms specified in RAN1 between last transmitted SRS and scheduled PUSCH transmission.
In Rel-18 Tx switching across 3 or 4 bands, there may exist both band pair(s) with 1Tx-2Tx switching ability and band pair(s) with 2Tx-2Tx switching ability in a band combination. A possible way would be to define new per band per BC capability on UL-MIMO coherence. If the Rel-18 new per band per BC capability on UL-MIMO coherence is absent, the existing Rel-15 per band UE capability pusch-TransCoherence is applicable to each of the 2Tx-capable bands in the band combination.
Proposal 9: For Rel-18 Tx switching across 3 or 4 bands, define new per band per BC capability on UL-MIMO coherence. If the Rel-18 new per band per BC capability on UL-MIMO coherence is absent, the existing Rel-15 per band UE capability pusch-TransCoherence is applicable to each of the 2Tx-capable UL bands for Tx switching.
3. Tx switching with two TAGs
3.1 UL switching time
In RAN4 #104e, the following agreements were reached [3]:
· RAN4 further discuss if the UL switching time is the same for single TAG and 2 TAGs
· UL switching time should not include timing difference up to MTTD between two TAGs.
· FFS: UE may omit the uplink transmissions corresponding to any TAG during the UE switching time.
For the first bullet, we support to have the same UL switching time for single TAG and 2 TAGs. With the time difference excluded from the switching time, the UL switching time is decided by UE implementation of switching from RF perspective, i.e., the same UE behavior and switching time is expected for single TAG and 2 TAGs.
Observation 3: With the time difference excluded from the switching time, the UL switching time is decided by UE implementation of switching from RF perspective.
Proposal 10: The UL switching time is the same for single TAG and 2 TAGs.

For the FFS bullet, in the last meeting, the technical understanding from companies is aligned, and the issue is on the wording. In our view, the wording in the FFS bullet is already used in RAN1 spec, and it would be efficient to reuse this wording. Thus, we support to agree on the FFS bullet.
	6.1.6   Uplink switching (TS 38.214)
The UE may omit uplink transmission during the uplink switching gap  if the conditions defined in this clause are met and the UE is configured with uplinkTxSwitching... 



Proposal 11: Reuse the existing wording in TS 38.214, and agree the following bullet:
· UE may omit the uplink transmissions corresponding to any TAG during the UE switching time.
3.2 UL outage time
In RAN4 #104e, the following agreements were reached:
Factors for UL outage time discussed in RF session, to be further checked in RRM session
· UL switching time (UE capability)
· The difference between the TA on the two TAGs, up to MTTD
· Timing and measurement error

For the second bullet on the difference between the TA on the two TAGs, we’d like to clarify that the UL transmission timing difference at UE is half of the TA difference, i.e., (TA_2 – TA_1)/2, as demonstrated in Figure 1.
[image: ]
Figure 1. Relation between TA difference and UL transmission timing difference 
(assuming the BSs are time-synchronized)

Observation 4: For the 2 bands with 2-TAG, the UL transmission timing difference at UE is half of the TA difference.

Considering whether to use the actual TA delta or the MTTD defined in TS 38.133, let us first understand how much the difference will be. For deriving the actual TA delta, 
· Firstly we assume a large distance between the two BSs of the two bands, for example, 1000 m.
· Then assume an extreme situation that UE distances to the two BSs are 0m and 1000m respectively. 
· With these, the propagation delay difference for the UE to the two BSs is 1000m/(3*10^8m/s)=3.33us.
For comparison, the MTTD for inter-band NR CA is 34.6 us, as specified in TS 38.133.
As we know, the MTTD is the maximum timing difference that UE can handle, and it does not mean the timing difference observed in the practical system. So, we propose to use the difference between the actual TA on the two TAGs.
Observation 5: The MTTD of 34.6 us for inter-band NR CA is more than 10 times of the actual propagation delay difference of UE to two BSs in typical deployment scenario.
Proposal 12: For deriving the UL outage time, use half of the difference between the actual TAs on the two TAGs.

Regarding the timing and measurement error, we think 3 aspects need to be considered, including: a) BS synchronization accuracy, b) UE transmit timing error, c) TA quantization error.
Proposal 13: For the timing and measurement error, 3 aspects need to be considered, including: a) BS synchronization accuracy, b) UE transmit timing error, c) TA quantization error.

For BS synchronization accuracy for synchronized network, in clause 7.4.2 of TS 38.133, it is specified that the cell phase synchronization accuracy measured at BS antenna connectors or radiated interface boundaries shall be better than 3 µs. So we can use this value of 3 µs.
Proposal 14: For BS synchronization accuracy for synchronized network, the BS synchronization accuracy requirement of 3us defined in clause 7.4.2 of TS 38.133 can be used. 

For UE transmit timing error, the UE transmit timing requirement defined in clause 7.1 of TS 38.133 can be seen an upper bound. As specified in clause 7.1 of TS 38.133, the transmission timing error between the UE and the reference timing should be less than or equal to Te, and the reference timing shall be [image: ] before the downlink timing of the reference cell. The Te requirements for FR1 are copied in Table 1. 
Table 1: Te Timing Error Limit specified in TS 38.133
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc



As seen from Table 1, the biggest value of Te is 12*64*Tc = 0.39 us. So, for the carriers with 2 TAGs, the maximum timing error is 0.39 us *2*2=1.56 us.
Proposal 15: For UE transmit timing error, the requirement defined in clause 7.1 of TS 38.133 can be seen an upper bound, and the sum of maximum UE transmit timing error is 1.56 us for the carriers with 2 TAGs.

For TA quantization error, as specified in TS 38.213, for a SCS of [image: ] kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG in multiples of [image: ]. So, for 15kHz SCS, the TA quantization error can be up to 5.2 us. 
Proposal 16: For TA quantization error, as defined in TS 38.213, it can be up to 5.2 us for 15kHz SCS.

3.3 PUSCH preparation time
In RAN4 #104e, the following observation from RAN1 spec was captured in the WF:
Observation:
· The PUSCH preparation time includes the effect of TA and difference between multiple active component carriers in addition to the switching period (Rel-16)
As seen in the above observation as well as the reference specification provided by Ericsson in RAN4 #104e, the timing difference effect and switching period have already been considered in the PUSCH preparation time, we don’t think further update on the specification is needed. Meanwhile, since this PUSCH preparation time is defined in RAN1 spec, we are fine to ask RAN1 to confirm this understanding if there is a need.
Proposal 17: The timing difference effect and switching period have already been considered in the PUSCH preparation time in the current specification, and further specification update is not needed. If needed, RAN4 can further check with RAN1 whether this understanding is correct.
4. Conclusions
In this contribution, we had the following observations and proposals for Tx switching across 3 and 4 bands with single TAG:
For the length of UL switching period:
[bookmark: _GoBack]Proposal 1: For Rel-18 Tx switching, reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18 Tx switching (i.e., option 1).
For the impact from switching of one Tx chain on the other Tx chain:
Observation 1: If the impact on other band(s) with the number of Tx chain “unchanged” always exists, in the real network, the UL transmission on other band(s) will be interrupted when nothing happens on their own band(s). It will bring system performance degradation as well as network scheduling restriction.
Proposal 2: As optional and advanced feature, when one of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), and the other Tx chain is maintained on a different band (named “band C”), the other Tx chain is expected to be used for transmission on band C during the switching period.
For RAN4 RF requirements:
Proposal 3: For UL Tx switching across 3 or 4 bands, the basic RF requirements for CA & SUL+CA band combinations with 3 or 4 bands configured and with 1 UL band or 2 UL bands (via UL CA) simultaneous transmission should be satisfied.
Proposal 4: It is feasible to define the switching time mask requirements per band pair with 3 or 4 bands configured, and the specification work will be similar to Rel-16/17.
Proposal 5: Further discuss whether additional time mask requirements are needed for CA option 2 when the 2 Tx chains are switched between 2 different band pairs across the same time.
For the location of switching period:
Observation 2: For Rel-18 Tx switching, it would more efficient to discuss the location of switching period in RAN1 together with the switching mechanism.
Proposal 6: Inform RAN1 that RAN4 recommends RAN1 to discuss and decide the location of UL switching period for Rel-18 Tx switching.
For the applicability of DL interruption:
Proposal 7: Reuse the applicability of DL interruption agreed in Rel-16/17:
· For combinations of SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.
· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.
· For SUL+TDD+FDD combinations, for Tx switching between SUL and TDD bands, DL interruption on the SUL and TDD bands is not required.
Proposal 8: For Tx switching across 4 bands, when the status of Tx chain on the 4 bands before and after switching is {1, 1, 0, 0} and {0, 0, 1, 1} respectively, there is ambiguity on the switched band pair of each Tx chain. In RAN4 understanding, RAN1 will discuss and resolve this ambiguity.
For UL-MIMO coherence:
Proposal 9: For Rel-18 Tx switching across 3 or 4 bands, define new per band per BC capability on UL-MIMO coherence. If the Rel-18 new per band per BC capability on UL-MIMO coherence is absent, the existing Rel-15 per band UE capability pusch-TransCoherence is applicable to each of the 2Tx-capable UL bands for Tx switching.

We had the following observations and proposals fro Tx switching with two TAGs:
For the UL switching time:
Observation 3: With the time difference excluded from the switching time, the UL switching time is decided by UE implementation of switching from RF perspective.
Proposal 10: The UL switching time is the same for single TAG and 2 TAGs.
Proposal 11: Reuse the existing wording in TS 38.214, and agree the following bullet:
· UE may omit the uplink transmissions corresponding to any TAG during the UE switching time.
For the UL outage time:
Observation 4: For the 2 bands with 2-TAG, the UL transmission timing difference at UE is half of the TA difference.
Observation 5: The MTTD of 34.6 us for inter-band NR CA is more than 10 times of the actual propagation delay difference of UE to two BSs in typical deployment scenario.
Proposal 12: For deriving the UL outage time, use half of the difference between the actual TAs on the two TAGs.
Proposal 13: For the timing and measurement error, 3 aspects need to be considered, including: a) BS synchronization accuracy, b) UE transmit timing error, c) TA quantization error.
Proposal 14: For BS synchronization accuracy for synchronized network, the BS synchronization accuracy requirement of 3us defined in clause 7.4.2 of TS 38.133 can be used. 
Proposal 15: For UE transmit timing error, the requirement defined in clause 7.1 of TS 38.133 can be seen an upper bound, and the sum of maximum UE transmit timing error is 1.56 us for the carriers with 2 TAGs.
Proposal 16: For TA quantization error, as defined in TS 38.213, it can be up to 5.2 us for 15kHz SCS.
For PUSCH preparation time:
Proposal 17: The timing difference effect and switching period have already been considered in the PUSCH preparation time in the current specification, and further specification update is not needed. If needed, RAN4 can further check with RAN1 whether this understanding is correct.
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