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1 Introduction
As agreed in [1], the switching time between LTE and NR shall be specified. In this contribution, we discuss how to specify this requirement on top of time mask requirements.
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2 Discussion

Figure 1 shows the Slot / Sub frame boundary time mask for LTE in TS 36.101 and NR (not captured in TS 38.101-1 yet).
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Figure 1 Slot / Sub frame boundary time mask for LTE in [3] and NR
For LTE, 20us transient period is needed for each slot at the boundary. And for NR, only 5us is needed for each slot at the boundary.
For SUL with LTE/NR switching at slot boundary, following time masks are proposed combined LTE and NR requirements as in Figure 2 for almost 0us switching time and Figure 3 for less than 20us switching time. For LTE, it is proposed there is no difference between PUSCH and SRS in the last symbol because LTE SRS can be configured not in the last symbol and NR should be prior to LTE SRS.
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Figure 2 Slot boundary time mask between LTE and NR for ~0us switching time
For 20us switching time from LTE to NR, according to how to allocate it to LTE slot and NR slot, three options are listed as below and can be found correspondingly in Figure 3:
1. Place 20us in NR slot;

2. Share 20us in LTE and NR slot;
3. Place 20us in LTE slot;
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Figure 3 Slot boundary time mask between LTE and NR for <20us switching time
By ways of configuring cell-specific SRS subframes in LTE, we can make the LTE last symbol vacant with no transmission of both PUSCH and SRS. In LTE, SRS does not have to be configured for transmission in all cell-specific SRS subframes. In which subframe SRS is transmitted by a UE is according to UE specific SRS configuration. Therefore, it is proposed to adopt above option 3 time mask for LTE/NR switching because it will not degrade both LTE and NR performance through certain configuration.
For 20us switching time from NR to LTE, it is proposed to place 20us in NR slot to ensure LTE performance as in Figure 4. 

[image: image9]
Figure 4 Slot boundary time mask between LTE and NR for <20us switching time
3 Conclusion
This contribution discusses how to specify the LTE/NR switching time and proposed following additional mask:
For ~0us switching time:
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For less than 20us switching time:
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5.8.2
Output power dynamics
As LTE and NR should not be simultaneously transmitted in one carrier or one band, the requirements of minimum/OFF output power, time mask and power control should be kept unchanged, and LTE and NR requirements can be applied separately.
In addition, a new requirement of time mask between LTE and NR slot boundary needs to be specified for DC scenarios since UE needs to switch from LTE to NR and vice versa to maintain two connections for both LTE and NR in SUL band. 

For LTE, 20us transient period is needed for each slot at the boundary. And for NR, only 5us is needed for each slot at the boundary. For LTE, there is difference between the mask with PUSCH and SRS in the last symbol because SRS is high priority and need to be protected. However, for LTE to NR switching, this kind of protection of SRS is not needed because LTE can configure no SRS in this specific subframe. So there is no need to specify multiple time masks for LTE to NR switching.
For SUL with LTE/NR switching at slot boundary, time masks combined LTE and NR requirements are illustrated in Figure 5.8.2-1 for almost 0us switching time. 
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Figure 5.8.2-1 Slot boundary time mask between LTE and NR for ~0us switching time

By ways of configuring cell-specific SRS subframes in LTE, we can make the LTE last symbol vacant with no transmission of both PUSCH and SRS. In LTE, SRS does not have to be configured for transmission in all cell-specific SRS subframes. In which subframe SRS is transmitted by a UE is according to UE specific SRS configuration. Therefore, the 20us switching time can be placed in LTE slot for LTE/NR switching because it will not degrade both LTE and NR performance through certain configuration.
For SUL with LTE/NR switching at slot boundary, time masks combined LTE and NR requirements are illustrated in Figure 5.8.2-2 for less than 20us switching time. 
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Figure 5.8.2-2 Slot boundary time mask between LTE and NR for <20us switching time
<End of Text Proposal>
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For UL sharing from network and UE perspective with LTE/NR UL subcarrier alignment, the switching time between LTE and NR shall be minimized to guarantee system performance.


In order to allow different implementations e.g. Digital rotator (~0us), RF shift (<20us), UE switching time between LTE and NR shall be defined as UE capability with the two options ~0us and <20us.


For a UE reporting capability of  “~0us” the switching time between LTE and NR is ~0us in all UL sharing cases except the following case:


The UE is using UL sharing from UE perspective with the UL CBW for LTE and NR being different OR NR UL uses SCS =60KHz, the switching time is FFS 


For a UE reporting capability of “<20us” the switching time between LTE and NR is below 20us in all cases


RAN4 shall define the corresponding requirements for this switching time 


Note: UE switching time includes LO re-tuning time and any additional related interruption time due to RF and BB transition between LTE and NR, excluding the normal LTE transient period (20us) or NR transient period (10us), which will be captured in the time mask requirement. 
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