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At RAN4#88bis, based on a way forward from earlier meeting, [1], the UE behaviour before and after measurement gaps was discussed. Proposals were put forward by network vendors on allowing UEs to be scheduled also in the half-slots that arise for SCS 15kHz when a measurement gap is shifted by MGTA 0.5ms [2][3], but no conclusion was reached. The main concern from the network vendors – and hence the justification for utilizing also half-slots – is that the denser MGRP in NR combined with non-zero MGTA will lead to a significantly reduced number of scheduling opportunities of the UE compared to in LTE. Concerns on the proposals from chipset vendors were mainly about that it came close to the completion of Rel-15.
In this contribution we are discussing the impact of measurement gaps and non-zero MGTA on scheduling opportunities in NR, and comparing it with the history of LTE standardization.
Discussion
In LTE, it was identified that the loss of scheduling opportunities when applying the shortest MGRP, 40ms, had an adverse impact on the system performance. Up until then, measurement gaps were all of length 6ms, resulting in that the UE could not be scheduled in 6 out of 40 DL subframes (15%). Considering the fixed HARQ ACK/NACK pattern in LTE, an additional 4 DL subframes before the measurement gap could not be used since the eNB could not get feedback from the UE. In all, it resulted in a 25% loss of scheduling opportunities. Efforts to improve the situation were made in a study item [4][5] and work item [6], which were supported by a wide range of companies, and carried out between RAN4#76 and RAN4#83.
Observation 1: In LTE, a loss of scheduling opportunities of 25% was considered a significant problem and led to a SI and a WI on measurement gap enhancements carried out from RAN4#76 to RAN4#83.
Due to flexibility in NR regarding HARQ ACK/NACK patterns, the situation is more favourable than in LTE. Particularly, in many configurations the UE can be scheduled in the slots before a measurement gap and provide ACK/NACK after the measurement gap, thus preventing additional loss of scheduling opportunities. However, in NR, a shorter MGRP than in LTE, 20ms, is supported for gaps with MGL 6ms, and additionally, such gaps can be shifted 0.5ms by MGTA. The higher density of gaps in combination with a non-zero MGTA results in a loss of scheduling opportunities of 35% when SCS 15kHz is used, if assuming that a scheduling opportunity requires a whole slot.
Observation 2: In NR, for 15kHz SCS, the loss of scheduling opportunities may be up to 35% when MGL 6ms, MGRP 20ms, and MGTA 0.5ms is configured.
As pointed out in our previous contribution, [3], the NR baseline functionality is highly flexible in that UEs can be allocated in parts of slots. That is, the situation is very much different from the LTE baseline. With proper RRC configurations, a UE can for instance be allocated in the first half or the last half of a slot. If allowing the UE to utilize also half-slots around a shifted measurement gap, the loss of scheduling opportunities is reduced to 25%.
Observation 3: In the LTE baseline, time domain allocations extend over a whole subframe, whereas in NR baseline, the extent of a time domain allocation and the starting position in a slot of such allocation is flexible.
Observation 4: If allowing scheduling of half-slots before and after measurement gap, the maximum loss of downlink scheduling opportunities is reduced from 35% to 25%.


[bookmark: _Ref528939803]Figure 1: Measurement gap definition and impact of measurement gap on DL and UL carriers for SCS 15kHz and MGTA 0.5ms. Green shade indicates well-defined half-slots that can be used for scheduling of the UE.
To further illustrate which half-slots are candidates for being used for scheduling, please see Figure 1. At RAN4#88bis it was decided that both for FDD and TDD, the time reference for a measurement gap is aligned with the DL subframe time reference. Further, when a non-zero MGTA is used, the starting point of the measurement gap is advanced by 0.5ms from the DL subframe border at which the measurement gap would have started had MGTA 0ms been used. This means that any DL slot that is partially overlapped by a measurement gap will have either a first or a second half-slot that potentially can be used for scheduling. Moreover, it means that any UL slot that is partially overlapped by the beginning of the measurement gap will have a first half-slot that potentially can be used for scheduling.


[bookmark: _Ref528941946]Figure 2: Measurement gap definition and impact of measurement gap on DL and UL for a group of synchronous cells for SCS 15kHz and MGTA 0.5ms. Green shade indicates well-defined half-slots that can be used for scheduling of the UE.
When multiple carriers are aggregated, the effective MGL becomes shorter than the signalled MGL, since the measurement gap starting point is based on the subframe border of the latest arriving cell, and the endpoint of the measurement gap is based on the subframe border of the earliest arriving cell in the group of aggregated cells. As illustrated for DL carriers in Figure 2, this means that the observation made above regarding a single carrier is applicable also in the case of a group of aggregated carriers.
Given that lack of scheduling opportunities was identified as an issue in LTE and triggered RAN4 (and RAN2) to work on improvements (some 15 TUs were spent), and given that NR already in the baseline functionality supports allocation of UEs in parts of slots, we think that the current revision of TS 38.133 [7] is too limiting when it illustrates the non-overlapped half-slots on DL as part of the measurement gap (Figure 9.1.2-1(b)) for SCS 15kHz and synchronous case. We would rather see that those non-overlapped half-slots are recognized as not being part of the gap, and that discussions are focused on under which conditions (e.g. configuration, UE capability, specification release, etc) those can be used for scheduling. The rationale is that it is highly likely that if the loss of scheduling opportunities is not addressed in Rel-15, it will have to be addressed in a later release – as was the case in LTE. If indicating in the specification that a UE can assume that the concerned half-slots are part of the gap (although this clearly exceeds the signalled MGL), we will likely end up in a situation where chipset vendors have legacy implementations that cannot be modified without a large amount of effort and hence cost. By instead indicating clearly in the specification that there are half-slots that are not part of the measurement gap, and hence potentially can be used for scheduling in this or future releases, chipset vendors can make informed design choices.
Observation 5: It is highly likely that if not addressed in Rel-15, RAN4 will have to address loss of scheduling opportunities in a later release. Since NR already in the baseline allows allocation in parts of a slot, the non-overlapped half-slots arising before and after a shifted measurement gap are strong candidates for being used for scheduling.
Proposal 1: To allow informed design choices, the illustration in TS 38.133 of measurement gap extent for synchronous case and SCS 15kHz with MGTA 0.5ms shall be modified to indicate that DL slots before and after the measurement gap are only partially overlapped by the measurement gap. Additionally, the table describing interruption time shall be modified to provide a note that explains that for SCS 15kHz and MGTA 0.5ms, non-overlapped half-slots arise that may be used for scheduling the UE depending on network configuration and UE capability.
Summary and Conclusions
In this contribution we have discussed scheduling opportunities in NR when measurement gaps are used. The following observations were made:
Observation 1: In LTE, a loss of scheduling opportunities of 25% was considered a significant problem and led to a SI and a WI on measurement gap enhancements carried out from RAN4#76 to RAN4#83.
Observation 2: In NR, for 15kHz SCS, the loss of scheduling opportunities may be up to 35% when MGL 6ms, MGRP 20ms, and MGTA 0.5ms is configured.
Observation 3: In the LTE baseline, time domain allocations extend over a whole subframe, whereas in NR baseline, the extent of a time domain allocation and the starting position in a slot of such allocation is flexible.
Observation 4: If allowing scheduling of half-slots before and after measurement gap, the maximum loss of downlink scheduling opportunities is reduced from 35% to 25%.
Observation 5: It is highly likely that if not addressed in Rel-15, RAN4 will have to address loss of scheduling opportunities in a later release. Since NR already in the baseline allows allocation in parts of a slot, the non-overlapped half-slots arising before and after a shifted measurement gap are strong candidates for being used for scheduling.
Based on the observations, we make the following proposal:
Proposal 1: To allow informed design choices, the illustration in TS 38.133 of measurement gap extent for synchronous case and SCS 15kHz with MGTA 0.5ms shall be modified to indicate that DL slots before and after the measurement gap are only partially overlapped by the measurement gap. Additionally, the table describing interruption time shall be modified to provide a note that explains that for SCS 15kHz and MGTA 0.5ms, non-overlapped half-slots arise that may be used for scheduling the UE depending on network configuration and UE capability.
A draft CR that modifies the concerned figure and table in TS 38.133 is provided in [8]. Further discussion on whether a Rel-15 UE shall be allowed to use half-slots is provided in [9].
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