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1 Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK1]In last meeting, a WF on UL Tx switching across 3/4 bands with multiple TAG was approved in [1], in which there were some open issues need to be further discussed.
In this contribution, we give some further discussion on the open issues listed in the WF.
2	Discussion
[bookmark: OLE_LINK4][bookmark: OLE_LINK12][bookmark: OLE_LINK24][bookmark: OLE_LINK28][bookmark: OLE_LINK23][bookmark: OLE_LINK66]2.1. Need of new time mask requirements for 2-TAG case
One of the open issue is whether or not need of the new time mask requirements for multiple TAG. Comparison of the agreement in last WF[2] last meeting, the options are similar as the following two options as in WF [1].
	Option 1: 
[bookmark: OLE_LINK44]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.
[image: ]
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:

[image: ]
General understanding: only full OS are “blanked” (not scheduled or configured for transmission)


[bookmark: OLE_LINK43][bookmark: OLE_LINK35][bookmark: OLE_LINK33][bookmark: OLE_LINK29][bookmark: OLE_LINK46]For the UL switching time/period, it was already agreed that it is the same for single TAG and dual-TAG cases. For dual-TAG case, the switching period would overlap with the transmission symbols in each carrier due to different TAs of each carrier should be taken into account. Consequently, the switching time mask of dual-TAG case would be different with single-TAG case. So a straightforward way might be to define new time mask requirements with same switching period as single-TAG in RAN4 specification, as proposed in option 1 above. 
[bookmark: OLE_LINK37][bookmark: OLE_LINK40]Also, an alternative (i.e. option 2) is to introduce the proper texts to describe the difference between single-TAG and dual-TAG to apply the existing single-TAG time mask requirements/pictures to dual-TAG, as proposed by some companies in last meeting. However, it seems the wordings of the texts are not converged although it used V2X approach as reference. Even some wordings related to NW scheduling are proposed to be included in the spec.
[bookmark: OLE_LINK39][bookmark: OLE_LINK38]In our understanding, both options are workable, and each option has pros and cons. Such as the option 1 is natural, beneficial and clear, but it would make specification a bit complexity since several new figures are foreseen to be introduced. For option 2, although it is simple, we are not sure if all the scenarios of dual-TAG will be included since we think it should consider overlapped symbols in all of the carriers in dual-TAG no matter this carrier is involved or not involved in the UL Tx switching, also it is a bit ambiguity to say same time mask are applied for both single-TAG and dual-TAG scenario since no TA will be considered for single-TAG.
[bookmark: OLE_LINK41]No matter which option is to go, proper texts to describe the cases are needed. We slight prefer to introduce new time mask requirements for dual-TAG Tx switching scenarios.
[bookmark: OLE_LINK7]Proposal 1. We slight prefer to introduce new time mask requirements (as did in Option 1) for dual-TAG Tx switching scenarios cross 3-4 bands for both SUL and CA configurations.
2.2 UL outage time 
[bookmark: OLE_LINK42][bookmark: OLE_LINK34]For UL outage time, it was triggered during the discussions for dual-TAG in RF section, and due to there are some parameters related to RRM, some companies proposed to move it to RRM section. However, in RRM section, some companies think it should be discussed in RF section since no UL outage time requirements are defined before, and inputs from RF decision are beneficial. In the end, the agreement in the WF [2] was:
	Issue 2-2-1: Discussion and specification for UL outage time
Wed agreement:
[bookmark: OLE_LINK59]Agreement: outage time will be discussed in RF session.


One of the issue discussed in RRM section was to clarify the UL outage time concept. Unfortunately, there are no agreements so far. It would better to align the understandings between RF and RRM. 
[bookmark: OLE_LINK45]There were several candidate options on the concept of UL outage time in RAN4 #104bis meeting, which are:
	Issue 2-1: Concept of UL outage time
Candidate options:
· Revised Option 1: The UL outage refers to the actual impacted UL OFDM symbols on serving carriers involved in the switching.
· New Option 2: The UL outage refers to the actual impacted UL OFDM symbols on other victim serving carriers NOT involved in the switching.
· [bookmark: OLE_LINK60]Option 3: The UL outage refers to the possible range of interrupted UL OSs (like a potential interruption window) 


[bookmark: OLE_LINK48]UL outage time, literally it would be the UL interrupt time in which the impacted UL OS (OFDM Symbol) on the carrier cannot be used for transmission. The question is which the carrier refer to, which was mentioned in the above three options.The factors for UL outage time for dual-TAG are shown below: 
	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


In terms of the above factors, the latter two ones are related to dual-TAG due to different TA of different TAG. For single TAG scenario, these two factors wouldn’t be applied since the uplink transmissions on all bands in the same TAG are aligned by referring the same DL time. In other words, the UL outage time for single-TAG scenario equals to UL switching time.
For single-TAG scenarios, the baseline UE assumption for the following two cases are:
	· 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. 


In addition to the baseline assumption for case 2, the discussion on optional capability to allow the other Tx chain of band C to transmit is underway. 
For R18 dual-TAG scenarios, it seems there are two similar cases by extending the bands who are involved in Tx switching from same TAG to dual-TAG, which are:
· 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, and band A and band B belong to different TAG.
· Case 2: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”) where band A and band B belong to different TAG, and the other Tx chain is maintained on a different band (named “band C”) in the same TAG as band A.
For dual-TAG scenarios, the switching period would overlap with the transmission symbols in each carrier due to different TAs of each carrier, also up to 4 bands should be considered. We take 3 carriers/bands as an simple example, which is shown below: 
[image: ][image: ]
                      (a)                                           (b)
[bookmark: OLE_LINK47]Fig 1. Dual-TAG cross 3-carrier/band
In Fig 1. Carrier #1 and Carrier #2 belong to different TAG while Carrier #2 and Carrier #3 belong to same TAG, and  Carrier #1 and Carrier #2 are involved for Tx switching while Carrier #3 is not involved. 
[bookmark: OLE_LINK50][bookmark: OLE_LINK49]In (a), UL Tx switching happens in OS #m in Carrier #1 and in (b), UL Tx switching happens in OS #n in Carrier #2. 
[bookmark: OLE_LINK56][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK55]For (a), the switching period in OS #m in Carrier #1 is overlapped with OS #n and OS #(n+1) in Carrier #2, so in our understanding, both OS #m in Carrier #1 and OS #n and OS #(n+1) in Carrier #2 cannot be used for transmission. Then the question is whether the OS #n and OS #(n+1) in Carrier #3 are allowed to be used for transmission?
[bookmark: OLE_LINK57]Case (b) is similar as (a), where the switching period in OS #m and OS#(m+1) in Carrier #1 is overlapped with OS #n in Carrier #2, so both OS #m and OS#(m+1) in Carrier #1 and OS #n in Carrier #2 cannot be used for transmission. Then the question is whether the OS #n in Carrier #3 is allowed to be used for transmission?
Due to Carrier #2 and Carrier #3 belong to the same TAG, so it seems the above single TAG approach can be applied although the Tx switching happen on the carriers in different TAG. Nevertheless, RAN4 should clarify/discuss whether the other Tx chain which is maintained can be expected to be used for transmission during the switching period. 
[bookmark: OLE_LINK61][bookmark: OLE_LINK5]Proposal 2. The UL outage time concept should be clarified first.
Proposal 3. For the baseline assumption for dual-TAG Tx switching scenario, to clarify/discuss whether maintained Tx chains is expected to be used for transmission during the switching period for the following 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, and band A and band B belong to different TAG.
· Case 2: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”) where band A and band B belong to different TAG, and the other Tx chain is maintained on a different band (named “band C”) in the same TAG as band A.
For the factors of UL outage time mentioned above, regarding the third factor, since MTTD is derived from MRTD, TA resolution error, UE timing advance adjustment and Te, "timing and measurement error" has been calculated in MTTD, and it should be avoided to calculate some factors twice.
[bookmark: OLE_LINK3]Observation 1: The third factor “timing and measurement error” is already included in MTTD. 
3 Conclusion
In this contribution, we give some further discussion on the listed open issues of Tx switching across 3 or 4 bands for multi-TAG. The proposals and conclusions are:
Proposal 1. We slight prefer to introduce new time mask requirements (as did in Option 1) for dual-TAG Tx switching scenarios cross 3-4 bands for both SUL and CA configurations.
Proposal 2. The UL outage time concept should be clarified first.
Proposal 3. For the baseline assumption for dual-TAG Tx switching scenario, to clarify/discuss whether maintained Tx chains is expected to be used for transmission during the switching period for the following 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, and band A and band B belong to different TAG.
· Case 2: One of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”) where band A and band B belong to different TAG, and the other Tx chain is maintained on a different band (named “band C”) in the same TAG as band A.
Observation 1: The third factor “timing and measurement error” is already included in MTTD. 
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or configured to transmit on carrier | during n; > 0 OFDM symbols (OS) containing the switching period and n > n; >
0 OS accommodating the uplink slot timing difference between the uplink carriers in addition. The UE is not expected
to transmit on on carrier 1 during any overlap with the switching period preceding Ty on carrier 2 when Tta.1> T1a2 and

is not expected to transmit on carrier 1 after 7 on carrier 2 when Tta; < Tta2, where Tta; and Tta denote the timing
advance for the TAG of carrier 1 and carrier 2, respectively.
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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.

6.3A.3.3.2 Time mask for switching between two uplink carriers

In addition to the requirements in 6.3A.3.3.1 and the maximum output power requirement specified in Table 6.2A.1.3-1
with uplink assigned to two NR bands, the switching time mask specified in this clause is applicable for an uplink band
pair of a inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, and is only
applicable for uplink switching mechanisms specified in clause 6.1.6 of TS 38.214 [10], where NR UL carrier 1 is
capable of one transmit antenna connector and NR UL carrier 2 is capable of two transmit antenna connectors with 3dB
boosting on the maximum output power for CA power class 3 when the capability uplinkTxSwitching-PowerBoosting is
present and the IE uplinkTxSwitchingPowerBoosting is enabled, and the two uplink carriers are in different bands with
different carrier frequencies. The UE shall support the switch between single layer transmission with one antenna port
and two-layer transmission with two antenna ports on the two uplink carriers following the scheduling commands and
rank adaptation, i.e., both single layer and two-layer transmission with 2 antenna ports, and single layer transmission
with | antenna port shall be supported on NR UL carrier 2.

The switching periods described in Figure 6.3A.3.3.2-1a and Figure 6.3A.3.3.2-1b are located in either NR carrier 1 or
carrier 2 as indicated in RRC signalling uplinkTxSwitchingPeriodLocation [7], and the length of uplink switching
period X is less than the value indicated by UE capability uplinkTxSwitchingPeriod.
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