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Background
During the RAN4#101-e meeting, a WF [1] on intra-band V2X operation has been agreed. The switching time mask for same and different carriers has been proposed and some baseline has been agreed, i.e. the transient period to be considered. However, whether to include the TA into the time mask requirement has not been agreed yet. In this contribution, we give further discussion on the switching time mask requirement and try to finalize it. 
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In this contribution, we try to finalize the switching time mask with couple of steps of analysis. Firstly, the timing difference of NR UL and NR SL is discussed and concluded. With that, the switching timeline is discussed in figure 3 and 4 as ideal case of switching. Further, with the real time value of switching time and the timing difference, the switching time mask can be finalized.
TA difference 
It has been agreed in the last meeting of the WF [1] for switching mask for same and different carrier as below:
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From the above two WF, we see that a common problem need to be solved is whether to include TA difference for the switching time mask requirement. Hence below we try to figure this problem out.
The switching time mask requirement has been defined for different RATs long time ago to indicate the switching requirement as transient on-off time and the switching between two uplink carriers including intra-band and inter-band cases. However, there is no TA difference considered in almost all the requirements besides only one requirement as E-UTRA and NR switching time mask for TDM based UL sharing from UE perspective as captured in TS 38.101-3 sub-clause 6.3B.1.1. The reason why the TA difference is not included in the time mask requirement in those switching time mask requirements is that there is no TA difference for the two switching carriers as they all use the same UL timing. 
Observation 1: Current time mask requirements in TS 38.101-1/-3 do not include TA difference because they all use the same UL timing.
However, for the specific case of E-UTRA and NR switching time mask for TDM based UL sharing from UE perspective, the timing difference is considered and captured in TS 38.101-3 sub-clause 6.3B.1.1 as shown below figure 1. The 2.21us has been considered for transmission timing difference. This difference comes from different LTE and NR reference clock.
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Figure 1 Time mask for TDM based UL sharing from UE perspective
Observation 2: The uplink transmission timing difference for NR and LTE has been calculated with maximum value to compensate the transient period of LTE to NR switching as captured in TS 38.101-3.
As the LTE and NR switching has already considered the timing difference of two slots, it is natural to also consider the timing difference for UL and SL slots for switching. 
Proposal 1: To consider the timing difference of UL and SL slots for switching.
With the above proposal 1, we need to figure out what is the timing difference between UL and SL timing. We denote the timing difference as ΔT. We have following equations to get the ΔT. As captured in the beginning of the document of the agreed WF, below equation are observed as:
NR timing advance TA = (NTA + NTA_offset)*Tc 
NR Sidelink timing advance as TASL= (NTA,SL + NTA_offset)*Tc
It was agreed that in licensed band, the NR Sidelink timing NTA_offset will reuse the NR Uu NTA_offset as captured below also in the WF[1]. 
[image: ]
Hence we have the timing difference ΔT = TA - TASL =  (NTA + NTA_offset)*Tc - (NTA,SL + NTA_offset)*Tc
With NTA,SL = 0 and the NTA_offset in the equation are the same, then ΔT = NTA*Tc
Observation 3: With the agreed timing alignment agreement, the timing difference of UL and SL denoted as ΔT  and 
ΔT = NTA*Tc.
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Ideal switching timeline
The switching time has been discussed as 150us as baseline based on the LTE SL and NR SL switching and the we denote it as Ts. Below figure 2 shows the relationship between Ts, ΔT as well as the slot boundary of NR and SL.
To fully use the last symbol of NR SL as guard period, the switching can be finished within the guard symbol. However, because of the existing timing difference ΔT, the switching from NR SL to NR need to be finished ΔT in advance to the end of the SL slot. Hence the whole guard period should cover both the switching time as Ts and the timing difference as ΔT. 
Observation 4: For NR SL to NR switching, the switching need to finished ΔT in advance to the end of SL slot and the guard period need to cover both the switching time Ts and the timing difference ΔT.  
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Figure 2 NR SL to NR switching timeline
On the other hand, for NR to NR SL switching, the SL slot will start ΔT after the NR slot ends because of the timing difference. A typical method to reduce the overhead is to fully use the ΔT between the two slots and to locate the switching time inside the ΔT which is shown below in figure 3. 
Observation 5: To reduce overhead, the switching from NR to NR SL can use the timing difference as ΔT to cover the switching time.
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Figure 3 NR to NR SL switching timeline
The above observation 4 and 5 with figure 2 and 3 are ideal cases that the switching time can be covered by guard period/timing difference. However, we need to have deeper analysis for the exact value of switching time Ts and the timing difference ΔT to finalize the switching process.
Switching time mask
The ΔT is decided directly by NTA which is a signalling number of the UE and based on the distance between UE and the base station. TheΔTmax corresponding to the largest cell size and ΔTmin = 0 for the cases the UE is near to the base station.
It seems that we have never considered this variable in the RF core requirements before as the RF core requirement is used to reflect the RF component capability. To define the minimum requirement which is suitable for all the cases, then the switching from NR SL to NR should consider the largest timing difference ΔTmax so that the largest switching time considering both the Ts and ΔTmax are included. As the priority rule has been used for LTE SL and NR SL switching scenarios, it is proposed also to use the priority rule here for NR SL and NR switching. As shown below in figure 4. For same carrier case, the switching time Ts contains only the transient period as 20 us. While for different carrier case, the switching time Ts contains both the transient period and the switching period that is needed to adjust the carrier frequency as well as the channel bandwidth.
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Figure 4 switching time mask when switching is located in NR SL slot
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Figure 5 switching time mask when switching is located in NR slot
Furthermore, as can be seen from above figure 4 and 5 , both the duration of off power for NR SL slot in figure 4 and the duration of off power for NR slot in figure 5 are ΔTmax + Ts. This value is the total interruption time that will be used for RRM session to develop the interruption requirement. 
Observation 6: The ΔTmax + Ts will be used for RRM session to develop interruption requirement for NR SL to NR switching.
On the contrast, for switching from NR to NR SL as using the timing difference for at least part of the switching, the timing difference ΔTmin should be used to develop the switching requirement. Here the ΔTmin = 0. In this case, the switching time mask is shown below in figure 6 and 7. Similarly, for same carrier case, the switching time Ts contains only the transient period as 20 us. While for different carrier case, the switching time Ts contains both the transient period and the switching period that is needed to adjust the carrier frequency as well as the channel bandwidth.
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Figure 6 Switching time mask when switching is located in NR SL slot
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Figure 7 Switching time mask when switching is located in NR slot
Observation 7: The Ts will be used for RRM session to develop interruption requirement for NR to NR SL switching.
With the above analysis from TA difference to the ideal switching timeline and the real case switching time mask with minimum and maximum timing difference considered to the switching time mask, it is proposed to use figure 4 and figure 5 for time mask for NR SL switch to NR and figure 6 and 7 for time mask for NR switch to NR SL.
Proposal 2: It is proposed to use figure 4 and 5 for time mask for NR SL switch to NR and figure 6 and 7 for NR switch to NR SL.
Conclusions
In this contribution, we give discussion on switching and timing difference and the observation and proposals are as below：
Observation 1: Current time mask requirements in TS 38.101-1/-3 do not include TA difference because they all use the same UL timing.
Observation 2: The uplink transmission timing difference for NR and LTE has been calculated with maximum value to compensate the transient period of LTE to NR switching as captured in TS 38.101-3.
Proposal 1: To consider the timing difference of UL and SL slots for switching.
Observation 3: With the agreed timing alignment agreement, the timing difference of UL and SL denoted as ΔT  and 
ΔT = NTA*Tc.
Observation 4: For NR SL to NR switching, the switching need to finished ΔT in advance to the end of SL slot and the guard period need to cover both the switching time Ts and the timing difference ΔT.
Observation 5: To reduce overhead, the switching from NR to NR SL can use the timing difference as ΔT to cover the switching time.
Observation 6: The ΔTmax + Ts will be used for RRM session to develop interruption requirement for NR SL to NR switching.
Observation 7: The Ts will be used for RRM session to develop interruption requirement for NR to NR SL switching.
Proposal 2: It is proposed to use figure 4 and 5 for time mask for NR SL switch to NR and figure 6 and 7 for NR switch to NR SL.
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Issue 1-1-2: Switching time mask for same carrier -
e Proposals.
o Option 1: Include TA in time mask. -
o Option 2: Not include TA in time mask. «
e Observation «
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company proposed to include TA difference in time mask. -

o NR timing advance TA = (Nta+ Nta_oftset)*Tc. TA 1s not a constant value. «

NR Sidelink timing as (NTa.sL+ Nta_ofset)*Tc «

o0 As agreed that in licensed band, the NR Sidelink timing N1a_ofiset Will reuse the NR Uu N1a_offeet,
so the difference will be Nta*Tc «
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o Further discuss whether TA difference should be included or not. »
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Issue 1-1-4: Switching time mask for different carriers -
e Proposals.
o Option 1: To consider the time mask for different carrier in LGE paper R4-2112769. .
o Option 2: To consider the time mask for different carrier in Xiaomi paper R4-2119251. -
e WF.
o Further discuss whether to indicate TA difference as specified in issue 1-1-2 in switching time
mask. -
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