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1 Introduction
RAN4 has discussed the measurement gap timing offset issue in RAN4-AH-1801 based on [1]. In the email discussion after the meeting, below proposals in [2] seem to be agreeable to all companies.
	· The measurement gap timing offset granularity is fixed to 1ms for all the cases.
· 1 bit indication to enable/disable X ms timing advance to the configured measurement gap timing is supported.
· For per-UE-gap or per-FR-gap for FR1, X = 0.5
· For per-FR-gap for FR2, X = 0.25
· Detailed signaling design is up to RAN2
· UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on serving cell(s) in slot(s) partially overlapping with MG as well as in slot(s) fully overlapping with MG
· FFS: applicability of 0.5ms timing advance to MG when the MG affects LTE serving cell(s)


The main conclusion is to define the MG offset configuration granularity as 1ms (this is reverting the previous RAN4 agreement), and to introduce 1-bit indication for serving cell to inform the UE to shift the MG by 0.5/0.25ms. All the slots fully or partially overlapping with MGs (after possible shift) are not available for data.

The agreement applies to NR as serving cells, but whether to apply the same solution for LTE serving cell is FFS. In this paper, we will provide our views on how to handle SMTC and MG timing for EN-DC, considering the LTE serving cells. 
2 Discussion
2.1 SMTC timing 
In EN-DC, the timing difference between LTE serving cell and NR target cell can be any value between 0 and 0.5ms. We illustrate different relative timing between LTE serving cell and NR target cell in Figure 1.

· In Figure 1(a), the two cells are aligned, so the SMTC window on serving cell can be configured to be at exact location where SSB burst starts on target cell, i.e. from i+1 to i+5.

· In Figure 1(b), the NR target cell is “delayed” by 0 to 0.5ms than the LTE serving cell. In this case up to 0.5ms at the end of the 5ms SSB burst window can be missed from the SMTC window. We will discuss later how much it may impact the network transmission of SSBs.
· In Figure 1(c), the NR target cell is “advanced” than the LTE serving cell by 0 to 0.5ms. In this case up to 0.5ms at the beginning of the 5ms SSB burst window can be missed from the SMTC window. We will discuss later how much it may impact the network transmission of SSBs.
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Figure 1: Illustration of SMTC timing in EN-DC
In Figure 2, we illustrate the SSB burst composition from previous RAN1 agreements. It can be seen for 15, 30 and 240kHz SCS, the SSB burst window is less than or equal to 4ms. In that case the LTE serving cell can always find an SMTC configuration such that no SSB on the target cell is missed. 120kHz SCS is the only problematic case as the SSB burst can be up to 4.75ms long. As NR target cell may not adapt its SSB transmission for the timing difference with LTE serving cells, it may just not use the SSBs in the first and last 0.5ms, where 6 slots are to transmit 12 SSBs. This means in worst case the NR target cell is limited to use only 52 SSB indexes. In our view, such restriction is acceptable. Of course, how to configure SMTC window on the serving cell and how to transmit SSB burst on the target cell is up to network implementation.
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Figure 2: SSB burst composition

Observation 1: The current configuration granularity of SMTC window (1ms) is working for most cases of SSB burst transmission on NR target cell except 120kHz SCS.
Observation 2: In worst case, the first and last 0.5ms of the 5ms SSB burst window on the target cell may not be usable for the 120kHz SCS, which means loss of 12 SSBs.
2.2 MG timing 
Next, based on the analysis in section 2.2, we discuss the timing of MG. In Figure 3, we illustrate the needed MG duration for each case in Figure 1. Below we assume network will configure the MG starting at i+1 with 6ms MGL, i.e. from i+1 to i+6. 
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Figure 3: Illustration of MG timing in EN-DC
· In Figure 1(a), the case is synchronous EN-DC and same as the case addressed in [2], so an advance of MG by 0.5ms is needed, and the effective MGL is from i to i+6.  

· In Figure 1(b), the MG needs to be advanced by 0~0.5ms. How much it needs to be advanced depends on the timing difference between LTE serving cell and NR target cell. We understand there is no need to indicate UE the exact advance, since anyway the subframe before SMTC window cannot be used for data. 

· In Figure 1(c), the MG needs to be advanced by 0.5~1ms. How much it needs to be advanced depends on the timing difference between LTE serving cell and NR target cell. We understand there is no need to indicate UE the exact advance, since anyway the subframe before SMTC window cannot be used for data. 

· In the specific case that the misalignment is 0.5ms, there is no need for any shifting, and the effective MGL is only 6ms from i+1 to i+6. This “no shift” should be informed to the UE as it can save 1ms in LTE serving cell for data. 
Above analysis are based on the assumption that NR target cell does not make any restriction to its SSB transmission, so the MG should ensure as many as SSBs are measurable. On the other hand, as mentioned in Observation 2, it is possible that NR target cell does transmit SSBs in the first and last 0.5ms of the SSB burst window. In that case, it is enough to use a normal 6ms MG without any advancement. In case a), the MG can be either from i to i+5 or from i+1 to i+6. In case b) the MG can be from i+1 to i+6. In case c), the MG can be from i to i+5. 
Observation 3: For EN-DC, the MG on LTE serving cell may need to be advanced by 0~1ms, or not advanced. 
From our above analysis, the solution needed for EN-DC is very similar to what was agreed in [1], except that the advancement of MG is not exactly 0.5ms, but can be any value in 0~1ms. Since RAN4 already agreed to send LS [3] to RAN2, we are open to discuss if another LS is needed to clarify the difference in EN-DC.  
Based on above observations, we have the following proposals.
Proposal: In EN-DC, LTE serving cell supports indicating the UE that MG is advanced by 0~1ms or not advanced.
3 Conclusions 

In this paper, we provided our views on how to handle SMTC and MG timing for EN-DC.
Observation 1: The current configuration granularity of SMTC window (1ms) is working for most cases of SSB burst transmission on NR target cell except 120kHz SCS.

Observation 2: In worst case, the first and last 0.5ms of the 5ms SSB burst window on the target cell may not be usable for the 120kHz SCS, which means loss of 12 SSBs.
Observation 3: For EN-DC, the MG on LTE serving cell may need to be advanced by 0~1ms, or not advanced.
Proposal: In EN-DC, LTE serving cell supports indicating the UE that MG is advanced by 0~1ms or not advanced.
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