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1. Introduction
At RAN 89 meeting one WI related to measurement gap enhancement was agreed at [1], three topics among a pack of possible enhancement areas related to gap enhancement had been picked up for that WI. The initial discussion on this WI is at RAN4 98e meeting. In this contribution, we provide our considerations on several aspects regarding Network Controlled Small Gap (NCSG).
2. Discussion
The objective of network controlled small gap study is copied below [1]: 
Network Controlled Small Gap (NCSG) specification [RAN4, RAN2]

· RRM requirements for NCSG [RAN4]

· Requirements for Visible Interruption Length (VIL) for different numerologies in FR1 and FR2 

· Specification of NCSG patterns, Measurement Length (ML), and Visible Interruption Repetition Period (VIRP)

· Requirements for DL reception and UL transmission during ML, before start VIL and after end VIL

· Measurement requirements with NCSG

· Specification of applicability of NCSG patterns [RAN4]

· Procedures and signaling for NCSG patterns [RAN2]

At RAN4 98e meeting a lot of aspects regarding this WI have been discussed. Considerations are variegated and convergence are not easy to be achieved. The agreements are copied below:

UE behavior within NCSG

· Same as UE within LTE NCSG, that is
· During VIL1/VIL2 UE is not expected to transmit or receive any date on corresponding serving cell(s).
· During ML UE is expected to transmit and receive data on the corresponding serving cell(s).
Impacts on RRM requirements due to NCSG

· Requirements related to MGTA and impact to UL transmission follow Rel-15.
Measurement applicability

· RAN4 needs to further investigate the scheduling and measurement restriction between serving cell L1 measurement, intra-frequency measurements and inter-frequency measurements for NCSG
To our understanding, the design principles for NCSG could have relatively high priority during initial discussion not only because agreements on this area could be achieved relatively easily due to its less related to other areas in this WI I but also the conclusions on this area will benefit for discussions on other areas. 
For the NCSG design, the structure of NCSG consists of VIL1, ML, VIL2 and VIRP. As mentioned in [2] and discussed during the meeting [3], whether to reuse LTE design principles or not has been discussed. To our understanding we did not see any particular reason to have a new structure for NCSG hence we suggest to confirm this formula MGL= VIL1+ML+VIL2 (ML>0) from [4]. 
Proposal 1: legacy gap pattern is reused for NCSG with the assumption that MGL= VIL1+ML+VIL2 (ML>0) and VIRP = MGRP of legacy MG. 
The next question is how to determine the length of VIL1, VIL2 and ML. Following LTE design principle, the length of ML is simply the subtraction of the measurement gap length (MGL) of legacy measurement gap pattern minus VIL1 and VIL2. For the value of VIL1 and VIL2, the lower bound is the RF switching time, which is 0.5ms per one switch for FR1 and 0.25ms per one switch for FR2. The value of VIL1 and VIL2 depends on the synchronization condition between the serving carrier and the carrier to be measured through NCSG, i.e., different value for synchronous and asynchronous cases. The VIL2 value needs consider the DL or UL traffic as well, for the DL the VIL2 value is the same as that of VIL1 however for the UL, even for the synchronous case, the VIL2 needs consider TA offset between aggressor and victim carrier. 
One open question related to VIL1/VIL2 value is how to express VIL value, as copied below from [4]. 
· VIL: FFS on whether VIL shall be defined as the equivalent time of the interrupted slots or, equals to absolute RF retuning time defined in Rel-15
· FFS: depending on numerology
Since one intention of introducing NCSG is to improve throughput, which is degraded by using legacy measurement gap, to fulfil this intention, the ML should be as longer as possible whereas the VIL1 and VIL2 should be as shorter as possible. As mentioned before one constraint for VIL1/VIL2 is the RF switching time. Theoretically the value of VIL1/VIL2 could be defined as the RF switching under the most friendly scenario (synchronous and DL). However the RF switching time maybe not always an integer number of a particular slot, or its duration crosses a few slots when the boundary of slots from aggressor and victim carrier are not aligned. When it is not aligned, even the VIL1/VIL2 defined as the RF retuning time level, i.e., possible be the symbol level, the rest symbols of a slot is still difficult to be used by system. Hence we have the following proposal:

Proposal 2: The VIL1 and VIL2 are defined as the interrupted slots, i.e., using victim cell’s slot as the unit.  
For the synchronous scenario, the value of VIL1 could be jointly determined by the numerology of the serving cell and the RF switching time, i.e., the value of VIL1, expressed by victim cell’s number of slots, is max{ RF switching time (0.5 or 0.25ms), victim cell slot duration}/victim cell slot duration. For example for SCS= 15KHz, the VIL1 for synchronous case is determined by the slot duration, which is 1 slot (1ms) no matter the RF switching time. For RF switching time 0.5ms and SCS = 60KHz, the VIL1 value is determined by the RF switching time, which is 2 slots (0.5ms). For RF switching time 0.25ms and SCS = 30KHz, the VIL1 value is determined by the slot duration, which is 1 slots (0.5ms). For synchronous case, the value of VIL2 could be based on the value of VIL1 for DL and 1 slot could be added for UL. For asynchronous case, 1 slot can be added to bother VIL1 and VIL2 if necessary. 
Proposal 3: For synchronous case, the value of VIL1, expressed by victim cell’s number of slots, is max{ RF switching time (0.5ms or 0.25ms), victim cell slot duration}/victim cell slot duration
Proposal 4: Based on VIL1 value for synchronous case, the value of VIL2 for synchronous case is the same as the value of VIL1 for DL and 1 extra slot may be added for UL. For asynchronous case, in general 1 slot should be added to both VIL1 and VIL2.
Another question regarding NCSG pattern design is whether to introduce NCSG pattern for each legacy measurement gap. At Rel-14 LTE, for each gap pattern, there are two NCSG patterns for asynchronous DC scenario and synchronous DC, respectively. For NR, the number of legacy measurement patterns are more than 20, much larger than that of LTE, hence it is worth to discuss whether to design NCSG for each legacy NR measurement gaps. 
As mentioned before one intention of the NCSG is to improve the throughput by utilizing the ML part of MGL. Another intention is the latency could be improved if ML part can be used for transmission/reception. When total length of VIL1 and VIL2 is large or even much longer than the ML, for example under the asynchronous scenario, the potential of improving throughput through NCSG is limited. This situation is more obviously when the MGL is small. Moreover, when the MGL is small, the benefit on reducing latency through NCSG is also reduced. Hence we have the following two proposals:

Proposal 5: Do not design NCSG for legacy NR measurement gap when the MGL of that legacy measurement gap is less than a particular threshold, for example 4ms for FR1 (3.5ms for FR2) 

Proposal 6: Do not design NCSG for legacy NR measurement gap when the percentage of (VIL1+VIL2)/ML is larger than a particular threshold, for example 2. 

Another aspect to be considered is the UE power consumption, in LTE, an idle RF chain is turning on/off for measurement purpose and NCSG was introduced to handle interruption on the serving cell. In LTE UE power consumption maybe not an issue since the VIRP could be long enough for a RF chain to go back to deep sleep mode after a measurement. However in NR measurement gaps with even shorter MGRP (20ms MGRP and assuming VIRP= MGRP) are introduced hence whether that idle RF chain can go back to deep sleep mode between two consecutive measurement activities is not guaranteed. We do not think the potential benefit of using NCSG under this scenario justifies the power consumption if that idle RF chain is almost always kept active for measurement purpose. Hence we have the following proposal: 

Proposal 7: From UE power consumption point of view, it is suggested that NCSG for legacy NR measurement gap with MGRP = 20ms are not defined. 

In LTE, either implicit and explicit configuration are defined for NCSG. For NR NCSG design, the following  options are available from [4]:
· FFS on Implicit or explicit configuration of NCSG
· Option 1. UE may assume the implicit and explicit configurations of NCSG are not concurrently activated.
· Implicit activation of NCSG means UE may introduce VILs at the start and stop of a configured MG while ML is the same as MGL and VIRP is the same as MGRP.
· Explicit activation of NCSG means UE follows the configuration of the network in terms of VIL1/VIL2/ML and VIRP.
· Option 2. NW explicitly configures the NCSG for VIL1/VIL2/ML/VIRP and offset.
To our understanding, the usage of NCSG in NR is limited compared with that of LTE hence we suggest to consider explicit configuration for NCSG and implicit configuration for NCSG is FFS.
Proposal 8: Design explicit configuration for NCSG firstly; implicit configuration for NCSG is FFS
3. Conclusion
In this contribution, we provide our considerations for the network controlled small gap work item, especially on the NCSG pattern design and have the following proposals :
Proposal 1: legacy gap pattern is reused for NCSG with the assumption that MGL= VIL1+ML+VIL2 (ML>0) and VIRP = MGRP of legacy MG. When VIL1+ VIl2≥MGL, the NCSG should not be defined.
Proposal 2: The VIL1 and VIL2 are defined as the interrupted slots, i.e., using victim cell’s slot as the unit.  

Proposal 3: For synchronous case, the value of VIL1, expressed by victim cell’s number of slots, is max{ RF switching time (0.5ms or 0.25ms), victim cell slot duration}/victim cell slot duration
Proposal 4: Based on VIL1 value for synchronous case, the value of VIL2 for synchronous case is the same as the value of VIL1 for DL and 1 extra slot may be added for UL. For asynchronous case, in general 1 slot should be added to both VIL1 and VIL2.
Proposal 5: Do not design NCSG for legacy NR measurement gap when the MGL of that legacy measurement gap is less than a particular threshold, for example 4ms for FR1 (3.5ms for FR2) 

Proposal 6: Do not design NCSG for legacy NR measurement gap when the percentage of (VIL1+VIL2)/ML is larger than a particular threshold, for example 2. 

Proposal 7: From UE power consumption point of view, it is suggested that NCSG for legacy NR measurement gap with MGRP = 20ms are not defined. 

Proposal 8: Design explicit configuration for NCSG firstly; implicit configuration for NCSG is FFS
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