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1. Introduction
In RAN4#98e RAN4 had initial discussion on pre-configured MG patterns design, with agreement and open issues captured in the approved WF [1].
In this contribution, we provide further discussion on pre-configured MG patterns procedure design with focus on the open issues highlighted in the WF.
2. Discussion
RAN4 reached high level agreement on general procedure of pre-configured MG pattern:
· Further study the following procedures for pre-configured MGs:
· 1. (Re)Configuration of the pre-configured MG
· FFS if specific procedure for activation after the RRC configuration is needed
· 2. Activation the pre-configured MG following a DCI or timer-based BWP switch
· 3. Deactivation the pre-configured MG following a DCI or timer-based BWP switch
· Note 1: The conditions and details of each procedure are FFS
· Note 2: MG activation in this context means that both NW and UE assume that the pre-configured MG will be used for measurements. 
· Note 3: MG deactivation in this context means that both NW and UE assume that the pre-configured MG will not be used for measurements and UE should be able to receive scheduled data.
· FFS on how pre-configured MGs can be configured:
· Option 1. Pre-configured MGs are configured per BWP
· Option 2. Pre-configured MGs are configured per UE or per FR which are same as these of legacy MGs
· FFS on relation of pre-configured MG pattern and with the current RRC configured MG 
· Option 1. Pre-configured MG in one active BWP can over-ride current RRC configured MG until active BWP switch to a new BWP without per-configured MG pattern
· Opiton 2. Pre-configured MG is the RRC configured MG in Rel-15, and it may be ON/OFF after BWP switch.
As can be observed, it is FFS if specific procedure for activation after the RRC configuration is needed. Our understanding is that the specific procedure is not necessary. From RRC configuration perspective, we don’t observe any difference from legacy MG configuration. In legacy MG configuration procedure, MG is also configured via RRC. After RRC UE would immediately apply the configured MG pattern, without any specific procedure captured in specification regarding the activation of the MG. We assume the preparation work can be included in RRC procedure delay.
[bookmark: _Ref67995770]Proposal 1: No specific procedure for activation after the RRC configuration is needed.
Regarding how pre-configured MGs can be configured, so far there are two candidate options on the table: 1) Pre-configured MGs are configured per BWP. 2) Pre-configured MGs are configured per UE or per FR which are same as these of legacy MGs.
In our view one drawback of option 2) is that the use case would be limited to MG ON/OFF since network can only configure one MG pattern per FR or even per UE. Option 1 is more inclusive. It can naturally cover option 2). For instance, network can pre-configure some MG pattern for BWP 1 and pre-configure no MG pattern for BWP 2. Under such configuration when BWP 1 is active UE would apply MG while when BWP 2 is active no MG should be applied. 
On the other hand, it is clearly captured in WID that RAN4 shall study the mechanisms of per BWP MG configuration:
· Study requirements of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration
Therefore, to align with WID we propose option 1.
[bookmark: _Ref67995775]Proposal 2: Pre-configured MGs are configured per BWP. Different MG patterns (or no MG) can be pre-configured for different BWP.
If companies agree that pre-configured MGs are configured per BWP, then we need to discuss the relationship between the new pre-configured MG pattern and the current RRC configured MG pattern. We propose that pre-configured MG in one active BWP can over-ride current RRC configured MG. Note that “no MG” should also be considered as one of the candidate pre-configured MG pattern. As long as there is pre-configured MG pattern associated with the active BWP, UE shall follow pre-configured MG pattern and ignore the MG pattern (if any) configured in MO configuration. This can avoid the different interpretation of active MG pattern at UE and network sides.
[bookmark: _Ref67995779]Proposal 3: Pre-configured MG in one active BWP can over-ride current RRC configured MG, i.e. as long as there is pre-configured MG pattern (including no MG) associated with the active BWP, UE shall follow pre-configured MG pattern and ignore the MG pattern (if any) configured in MO configuration.
Regarding the activation/deactivation procedures, there are also quite a lot of open issues on the table:
· FFS on in which cases the pre-configured MGs shall be activated
· Option 1. Depending on both BWP switching and MOs configured
· FFS on how pre-configured MGs can be activated/deactivated:
· Option 1 Autonomously/implicitly triggered by DCI/Timer based BWP switching.
· Option 1a A per-UE or per-FR MG is (de)activated following a BWP switch as follows:
· If MG is not required by any of the configured MOs, the MG is deactivated 
· If MG is required by one or more of the configured MOs, the MG is activated
· Option 2 Either network centralized or UE centralized rules will work. 
· Option 3 :RAN4 need to account robustness of the gap changes when evaluating and agreeing on activation/deactivation of MG pattern(s).
· FFS on evaluation on MG activation/deactivation mechanism 
· FFS on Signaling to activate (enable) the pre-configured MGs 
According to WID, RAN4 shall define rules and UE behaviour for activation/deactivation of a MG following a DCI or timer based BWP switch:
· Specification of rules and UE behaviour for activation/deactivation of a MG following a DCI or timer based BWP switch
This part is clear. However, based on discussion in previous RAN4#98e, companies may have different understanding on how the pre-configured MG can be activated/deactivated. Nevertheless, people have common understanding that network and UE shall have the same understanding on whether and which MG pattern shall be used for a given active BWP. Some companies proposed to define some conditions in specification regarding whether/when the MG shall be activated/deactivated. This may work at current stage. However, we still see some drawback from forward compatibility perspective. Whether the gap is needed depending on whether the MO can be measured with or without gap. In R15 all inter-frequency measurements have to be performed with MG, while in R16 SSB based inter-frequency measurement without gap is possible. So far CSI-RS based inter-frequency measurement has to be done in MG. It could be possible that in future release CSI-RS based inter-frequency measurement can be done without MG under certain conditions. Thus people may need to revisit the condition of activation/deactivation of pre-configured MG in future.
A simple solution is to link the activation/deactivation of pre-configured MG with BWP status, i.e. Autonomously/implicitly triggered by DCI/Timer based BWP switching.
[bookmark: _Ref67995782]Proposal 4: pre-configured MGs can be activated/deactivated autonomously/implicitly triggered by DCI/Timer based BWP switching.
As for use case, agreements in the last meeting are as follows:
· FFS on whether the pre-configured MG when BWP switching on the multiple CCs be discussed?
· Option 1. Yes. Study CA and with BWP switch on single/multiple CC cases
· Option 2. Study CA and with BWP switch on single CC cases only.
· Whether pre-configured MGs are applicable in MR-DC scenario 
· Deprioritize MR-DC scenario. 
· Whether the pre-configured gaps shall be considered as a part of multiple concurrent gap patterns framework
· Considered this in 2nd stage.
At this stage, it is better for us to focus on single CC BWP switch first. No matter we end up with what activation/deactivation procedure, it may need some time to extend to multiple CC BWP switch case. There is no need to have parallel discussion at this moment.
[bookmark: _Ref67995795]Proposal 5: RAN4 shall focus on BWP switching on single CC case at this stage.
Regarding pre-configured MG activation/deactivation delay:
· FFS on activation/deactivation delay
· Option 1: No separated activation delay for the pre-configured MG activation/deactivation
· Option 2: some transition time (T) shall be included in the pre-configured MG activation/deactivation time.
· Option 3: The delay of MG (de)activation is same as that of BWP switching.
· Option 4 :MGP change delay shall be evaluated based on realistic latencies.
This is different from the first open issue on specific procedure for activation after the RRC configuration. In RRC procedure we have a relatively long RRC procedure delay. But for BWP switch, it is a about 1ms~3ms level depending on UE capability. From UE implementation perspective, when BWP switch occurs with measurement becoming gap-based from no-gap-based, and vice versa, UE needs some preparation time to receive next SMTC. UE needs to prepare the scheduling of RF chain tuning/retuning and so on. However, we wouldn’t expect a long time for this T. Several milliseconds could be enough.
[bookmark: _Ref67995800]Proposal 6: some transition time (T) shall be included in the pre-configured MG activation/deactivation time. T should be in several milliseconds level.
Another issue is about gap patterns for pre-configured MGs:
· FFS on Number of pre-configured MG patterns:  
· Option 1: The existing gap patterns (0~23) in Rel16 can be reused for the pre-configured MG.
· Option 2: The existing gap patterns (0~25) in Rel16 can be reused for the pre-configured MG.
· FFS on Per-UE/Per-FR pre-configured MG pattern applicability 
· Option 1 
· If the gap patterns which can be used as the pre-configured gap are reused from Rel16, the same applicability(per-UE/per-FR) shall follow the rules defined in Rel16 also. 
· Option 2:
· If per UE MG is configured, the BWP of PCell is referenced to activate its MG pattern which applies to all the serving carriers including PSCell and SCells.
· If per FR MG is configured, BWPs of PCell and PSCell are referenced respectively to decide the pre-configured MGs for applying to the SCells of respective FR.
· Option 3
· The applicability of current per FR gap pattern should also apply for per BWP MG configuration
For the first FFS, if the supported pre-configured MG patterns can be indicated independently from the supported existing gap patterns, then we are fine with either option since UE still have freedom to choose which pre-configured patterns to support.
As for the second FFS, our view is that the concept of per-UE gap and per-FR gap can still be used here. For instance, if network configured per-FR gap for PCell (in FR1) BWP 1 and no gap for PCell BWP 2, then when BWP 1 is active, UE applies MG for all the serving cells in FR1 with no gap in FR2. When BWP 2 becomes active, UE applies no gap for all the serving cells across FR1 and FR2.
[bookmark: _Ref67995805]Proposal 7: If the gap patterns which can be used as the pre-configured gap are reused from Rel16, the same applicability(per-UE/per-FR) shall follow the rules defined in Rel16 also.
3. Conclusion
In this contribution, we provide further discussion on pre-configured MG design. After discussion the following proposals are made:
Proposal 1: No specific procedure for activation after the RRC configuration is needed.
Proposal 2: Pre-configured MGs are configured per BWP. Different MG patterns (or no MG) can be pre-configured for different BWP.
Proposal 3: Pre-configured MG in one active BWP can over-ride current RRC configured MG, i.e. as long as there is pre-configured MG pattern (including no MG) associated with the active BWP, UE shall follow pre-configured MG pattern and ignore the MG pattern (if any) configured in MO configuration.
Proposal 4: pre-configured MGs can be activated/deactivated autonomously/implicitly triggered by DCI/Timer based BWP switching.
Proposal 5: RAN4 shall focus on BWP switching on single CC case at this stage.
Proposal 6: some transition time (T) shall be included in the pre-configured MG activation/deactivation time. T should be in several milliseconds level.
Proposal 7: If the gap patterns which can be used as the pre-configured gap are reused from Rel16, the same applicability(per-UE/per-FR) shall follow the rules defined in Rel16 also.
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