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1. Introduction
After RAN4 AH#1801, an email discussion took place, the outcome of which was a way forward and a liaison statement to RAN2 on measurement gap offsetting. In summary the agreed solution to enable the UE to measure for the entire duration of the SMTC, considering that SMTC and MG are both configured with 1ms granularity (regardless of subcarrier spacing) is

· 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
2. Discussion

The solution agreed in RAN4 email discussion allows the UE to complete the switching time (also Xms) for the measurement gap prior to the indicated “gap start time” which is signaled with 1ms granularity when the gap timing advance is enabled. This means that if the “gap start time” and “SMTC start time” (also signaled with 1ms granularity) are the same, the UE shall have completed switching prior to the beginning of the SMTC.
The basic operation of gap shift is illustrated in figure 1
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Figure 1 : Basic operation of gap shift (example showing 6ms FR1/per UE gap and 5ms SMTC)

Considering the impact to NR serving cells with 15kHz numerology, it is clear that shifting the gap by 0.5ms relative to the slot boundaries results in an effective gap which is 1ms longer than the MGL for the gap as shown in figure 2:
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Figure 2 : Scheduling availability with 15kHz data SCS (example showing 6ms FR1/per UE gap and 5ms SMTC)

Since the UE cannot be scheduled on 0.5ms boundaries with 15kHz data SCS (slot duration is 1ms), there are 7 slots which are impacted by the MGL=6ms gap with 0.5ms offset.
The same scenario does not occur with per-FR-gap for FR2 which can be shifted by 0.25ms. The reason is that the slot duration for FR2 is always ≤0.25ms, so even with gap timing advance, the gap always starts on an FR2 slot boundary.

Observation 1 : For per-UE-gap or per-FR-gap for FR1 the effective gap length will be extended by 1ms when 15kHz data SCS is used for NR FR1 serving cells
One aspect which was outstanding as indicated in the way forward is

· FFS: applicability of 0.5ms timing advance to MG when the MG affects LTE serving cell(s)
This case is identical to the case described above for 15kHz NR, except that the serving cell is LTE with 1ms subframe granularity. This case would always occur for EN-DC with per UE or per-FR-gap for FR1 if 0.5ms gap shift were to be applied. It could not occur with per-FR gap with 0.25ms shift as the 0.25ms shift is only applicable for FR2 measurement patterns which do not impact LTE.
Initial discussions took place on the LTE case in NR AH#1801. Some companies were concerned with changing the implementation of legacy LTE gaps, while other companies supported changing the LTE gap definition when gap timing advance is indicated.

If the effective duration of the LTE gap is not modified then it means that gap timing advance cannot be used for per UE gaps, or per-FR gaps for FR1 whenever there is an LTE serving cell. The implication is that the UE cannot fully measure an SMTC longer than MGL-2ms as shown in figure 3
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Figure 3 : LTE gap without shift (example showing 6ms FR1/per UE gap and 5ms SMTC)
While there are various strategies that could be applied by the network such as one of
· Shifting the LTE subframe boundaries by 0.5ms relative to the NR subframe boundaries

· Ensuring that no SSB are transmitted in the first 0.5ms of the SMTC

· Ensuring that no SSB are transmitted in the last 0.5ms of the SMTC

The network-based strategies may not be applicable in all scenarios. For example, due to TDD constraints, subframe boundary shifting may not be possible, and other strategies limit the length of SS burst and/or put additional constraints on the level of network synchronization which is needed to ensure that the SSB are in the correct part of the SMTC. Considering that extensive UE implementation effort is needed to implement EN-DC as a feature, the incremental work to apply gap timing advance to LTE is minor in comparison and our view is that gap timing advance should also be applied to LTE serving cells using a similar approach as would be required for 15kHz SCS NR cells.
Proposal 1 : Gap timing advance is applied to LTE serving cells for per FR gaps for FR1 and per UE gaps

The implication of proposal 1 is that the effective gap length would become 1ms longer than gap MGL when gap timing advance is used due to the 0.5ms gap timing advance.
3. Conclusion
In this contribution we discuss gap timing advance following on from the email discussion, and particularly related to NR FR1 serving cells with 15kHz data SCS, or LTE serving cells. We make the following observation and proposal
Observation 1 : For per-UE-gap or per-FR-gap for FR1 the effective gap length will be extended by 1ms when 15kHz data SCS is used for NR FR1 serving cells
Proposal 1 : Gap timing advance is applied to LTE serving cells for per FR gaps for FR1 and per UE gaps

The implication of proposal 1 is that the effective gap length would also be extended by 1ms longer than gap MGL when gap timing advance is used due to the 0.5ms gap timing advance.
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