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1. Introduction
In the RAN4#105 meeting, the discussion on multi-carrier enhancements with multiple TAG was concluded in [1]. 
	Issue 2-1-1: Need of new time mask requirements for 2-TAG case
Option 1: 
Time mask with an UL time difference covering all possible time delays (R4-2218827), example for 2 bands but also relevant for 3-4 bands for both SUL and CA configurations with dual TAG.
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Option 2: 
Do not modify the time mask for Tx switching for multiple TAGs. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction. Example below (R4-2219410) for two bands:
Time masks for Tx switching due to switching period are defined in clauses 6.3A.3.3.2-6.3A.3.3.5 for both single TAG and multi-TAG scenarios. For the case of Tx switching with multi-TAG for the two uplink carriers/bands, the timing advance difference should be considered with the switching time. The UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers.


In this contribution, we would like to focus on the RF specification impact from Tx switching with multiple TAGs.
2. Discussion
2.1. Time mask requirements for 2-TAG case
The existence of TA difference is the main factor to differentiate multiple TAGs from single TAG. 
Actually, we have an example in Rel-17, which is similar to Tx switching with multiple TAGs. Due to timing advance difference of V2X and Uu, Rel-17 intra-band V2X and Uu concurrent operation has the similar issue. It was captured in TR38.785 User Equipment (UE) radio transmission and reception for enhanced NR sidelink by [2] that 
	In RAN4 #101 meeting, RAN4 decided to apply the different TA between NR Uu and NR SL. The expected NR Uu’s TA is 6.6us + 13us =19.6us when RAN4 assumed cell range with 1km. But the TASL is only considered the NTA_offset with 13us as shown in Figure 5.2.3.2.1-1.
NOTE: The different TA between NR SL and NR Uu could be interfered each other carrier. Some cases, the interference problem are elimited by last symbol puncturing and other means. Specially, the interference problem will be raised for the larger cell range such as over 5km cell range.


The situation of Rel-17 intra-band V2X and Uu concurrent operation is same as Tx switching with multiple TAGs given that both the cases take the different TA in to account. Thus, the standardization procedure including the discussion on the former issue can be as reference of Tx switching with mTAG. 
Proposal 1：The standardization procedure including the discussion on the time mask of Rel-17 intra-band V2X and Uu concurrent operation can be as reference of Tx switching with mTAG.
In TR38.785, the timing advance difference between SL and NR Uu is considered in the real field.
	In the real field, there is a timing advance difference, i.e.  between NR Uu slot and NR SL slot due to different timing advance of NR Uu and NR SL which has been specified in sub-clause 5.2.1. The On/Off time mask can be shifted due to the time advance difference in the same carrier and different carrier and it is shown in following figure 5.2.3.2.1-6 and figure 5.2.3.2.1-7.
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Figure 5.2.3.2.1-6: Time mask shift due to time difference for NR SL switching to NR Uu
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Figure 5.2.3.2.1-7: Time mask shift due to time difference for NR Uu switching to NR SL



But timing advance difference between SL and NR Uu is not reflected in the time mask as illustrated in 38.101-1 because switching time mask requirement only considering the hardware limitation. And it is not necessary to include TA in switching time mask [3], which is not a fixed value.
	6.3E.3.4	Transmit ON/OFF time mask for V2X con-current operation
For the inter-band con-current NR V2X operation, the requirements specified in clause 6.3.3 shall apply for the uplink in licensed band and the requirements specified in clause 6.3E.3.2 and 6.3E.3.3 shall apply for the sidelink in licensed band or Band n47.
…
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Figure 6.3E.3.4-2: Time mask for switching between Uu and SL for different carrier case
In the real field, there is a timing advance difference, i.e.  between NR Uu slot and NR SL slot due to different timing advance of NR Uu and NR SL. The switching time masks do not include timing advance difference but the timing advance difference should be considered with the switching time for same carrier case and different carrier case.


 
In [4], an LS was approved to inform RAN5 that no RF test is needed for this NR Uu to NR SL switching time mask requirement defined in TS 38.101-1 Clause 6.3E.3.4. The reason is that the TA difference of the two RATs is up to network scheduling. But the time mask as RF requirements should not be restricted by network behaviour. Thus, the test in RAN5 for Tx switching with multiple TAGs is not necessary, either.
Proposal 2：RF test is not needed for Tx switching with multiple TAGs time mask requirement.
We kind of agree that, both the options listed in [1] can solve the problem of different TAs in multiple TAGs. However, we prefer the option with less standard efforts considering option 1 would have to add too many unnecessary and complicated time mask figures to cover all the possible cases between carriers in the spec. 
Besides, companies has had adequate discussion in the same case of time mask for difference TA in Rel-17. Too much repeated discussion on Tx switching with multiple TAG is not needed. And we could have focused on how to capture the multiple TAG in RAN4 spec.
Therefore, we consider the time mask of multi-TAG Tx switching with reference to intra-band V2X con-current operation. In the case of switching between NR Uu slot and NR SL slot, TA difference is not captured in the switching time mask. The same principle can be followed by UL Tx switching with dual-TAG.

2.2. Discussion on CR language of UL Tx switching with multiple-TAG
The RF spec should reflect the Tx switching with mTAG through scheduling restriction if TA difference is taken into consideration. In the previous discussion, four options are proposed for the CR language of UL Tx switching with multiple-TAG [5].
	Issue 2-1-2: CR language
· Proposals
· Option 1: For the case of Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers. (CMCC, HW, OPPO)
· To be captured as side condition for the common switching time mask for 1-TAG and 2-TAG cases.
· Option 2: The CR text should be based on the 38.214 that “the UE is not expected to transmit for the duration of  on any of the two carriers”. (E///, Sony)
· The time mask specification is based on that “the not expected to be scheduled or configured to transmit on during OFDM symbols containing the switching period” preceding the time T0 starting at a symbol boundary.
· Option 3: Reuse the existing wording in TS 38.214 (MTK, ZTE)
· UE may omit the uplink transmissions corresponding to any TAG during the UE switching time.
· Option 4: For 38.101-1 as UE specification, language to be used for specifying UE behaviour for concurrent switching periods of different lengths (QC)
· “UE shall be capable of starting transmission after the end of switching periods on all bands that are configured for uplink in tx switching. Transient periods are not included in the switching periods.” 
· UE requirements are written assuming known network behaviour i.e. NOT using  “UE is not expected to ..” language.



Option 1 and option 2 are quite similar in terms of interact between UE and network. There is no difference for the two expressions on the duration reserved by network scheduling restriction. ‘UE is not expected to transmit…’ is a typical description of uplink scheduling restriction in RAN4 specification 38.133 that can be reused here. The realization of network product would also refer to the spec of UE, including the ‘expectation’ as kind of restriction to network behavior.In TS38.133, scheduling restrictions are specified with explicit descriptions. For example,
	5.5.4	Scheduling restriction
5.5.4.3	 Scheduling availability of UE performing measurements on FR2
The following scheduling restriction applies due to SS-RSRP measurement on an FR2 intra-frequency cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). 
The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/ on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration (The signaling deriveSSB_IndexFromCellc is always enabled for FR2).
The following scheduling restriction applies to measurement on an FR2 serving cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/ on SSB symbols of the serving cell.


Thus, for Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PRACH/PUCCH/PUSCH/SRS on OFDM symbols that fully or partially overlaps with the switching period on both the carriers. Or, the UE is not expected to transmit for the duration of the switching period on any of the two carriers for any timing difference between carriers. The switching period refers to the capability that the UE reports.
Option 3 is that UE can omit UL transmission corresponding to any TAG during the UE switching time, which means the location of switching period can be on either of the carriers related to switching if dual-TAG is applied. It is sort of a conflict with the agreement in RAN4#104, that the location of switching period is semi-statically configured rather than randomly picked as described in option 3.
	GTW Agreement
–	For single-TAG case, RAN4 agrees to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair) and discuss further details for Rel-18 Tx switching scenario in RAN 1.


Observation 1: From the perspective of the RAN4 specification, the wordings of ‘the UE is not expected to transmit/receive …’ reflect the network scheduling restriction, instead of the UE behaviour.
Proposal 3：For the case of Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers/bands.
For the UL outage time, some companies proposed that the value of outage time is different from that of switching period with multiple TAGs. For now, there is no strict concept for outage time, but we can take ‘DL interruption’ as a reference. The ‘DL interruption’ is related to only one DL carrier. The DL transmission pauses before the ‘DL interruption’ duration and resumes afterwards. While the UL outage time is related to two carriers/bands, it can be the duration that the UE suspends UL transmission temporarily. For Tx switching with single TAG, UE suspends UL transmission on the carrier/band the Tx chain switched from and resumes transmitting on the carrier/band the Tx chain switched to during the switching period. The duration of outage time equals to switching period. In the Tx switching with multiple TAG, the outage time would be OFDM symbols that overlaps with the switching period on both the carriers/bands. The network scheduling restriction reflects the concept of outage time. And it is not needed to define ‘outage time’ in the spec.
Proposal 4: In the Tx switching with multiple TAG, the outage time would be OFDM symbols that overlaps with the switching period on both the carriers/bands.
3. Conclusions
This contribution presents discussions on potential RAN4 impact to support the UL Tx switching among 3 bands/4 bands with multiple TAGs.
Observation 1: From the perspective of the RAN4 specification, the wordings of ‘the UE is not expected to transmit/receive …’ reflect the network scheduling restriction, instead of the UE behaviour.

Proposal 1：The standardization procedure including the discussion on the time mask of Rel-17 intra-band V2X and Uu concurrent operation can be as reference of Tx switching with mTAG.
Proposal 2：RF test is not needed for Tx switching with multiple TAGs time mask requirement.
Proposal 3：For the case of Tx switching with multi-TAG for the two uplink carriers, the UE is not expected to transmit PUCCH/PUSCH/SRS on OFDM symbols that overlaps with the switching period on both the carriers/bands.
Proposal 4: In the Tx switching with multiple TAG, the outage time would be OFDM symbols that overlaps with the switching period on both the carriers/bands.
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