[bookmark: _GoBack]3GPP TSG-RAN4 Meeting #98-e	                                                                R4-2100454
Electronic meeting, Jan. 25-Feb.5, 2021
Title:	Initial discussion on pre-configured MG pattern
Source:	CATT
Agenda Item:	11.5.2.1
[bookmark: DocumentFor]Document for:	Discussion
1 Introduction
In RAN#89e meeting, a new work item R17 gap enhancement was approved in [1] with the following objectives considered. The WID was revised and approved in [2] in RAN#90e meeting with no objectives changed. 
	The following objective are considered in this WI:
(1) Pre-configured MG pattern(s) (fast MG configuration) [RAN4, RAN2] 
· RRM requirements for pre-configured MG pattern(s) [RAN4]
· Study requirements of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration
· Specification of rules and UE behaviour for activation/deactivation of a MG following a DCI or timer based BWP switch
· Define measurement period requirements with pre-configured MG pattern(s) in the presence of one or more BWP switch per measurement period
· Specification of applicability of pre-configured MG pattern(s) [RAN4]
· Procedures and signaling for pre-configured MG pattern(s) [RAN2]
· Specification of protocol impacts of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration based on RAN4 input
(2) Multiple concurrent and independent MG patterns [RAN4, RAN2]
· RRM requirements for concurrent and independent MG patterns [RAN4] 
· Define requirements for UE maximum number of concurrent and independent MG patterns active at any time
· Specification of requirements for multiple concurrent and independent MG patterns (MGL, MGRP) 
· Specification of requirements and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 
· Define the corresponding measurement requirements
· Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 
· Procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 
· Specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input
(3) 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]

Notes:
· The joint requirements for objectives (1), (2) and (3) can be discussed in the WI stage after stabilizing individual requirements.
· The work on all objectives should consider UEs in RRC CONNECTED mode only. 
· The work includes EN-DC, NE-DC, NR-NR DC and standalone operations and includes both per-FR MG capable UE and per-UE MG capable UE.


The WI was agreed to start in RAN4#98e meeting in Jan. 2021. So only work plan was approved [3] in RAN4#97e meeting. According to the plan, the work in RAN#98e is as below: 
	1) 3GPP RAN4 #98e meeting (January, 2021, 1TU, Core part)
· Discussions on : 
· Pre-configured MG pattern(s)
· Initial discussion on the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch. 
· Initial discussion on applicability of pre-configured MG pattern(s). 
· Multiple concurrent and independent MG patterns
· Initial discussion on maximum number of concurrent and independent MG patterns active at any time. 
· Initial discussion on applicability of multiple concurrent and independent gap patterns. 
· Network Controlled Small Gap (NCSG) specification
· Initial discussion on NCSG design, including VIL, ML and VIRP, for different numerologies in FR1 and FR2.Agreements on:
· Technical aspects of RRM requirements of each objective 


In this paper, we have some initial discussions on the first objective pre-configured MG pattern. 
2 Discussion
2.1 Impact of active BWP switch on UE measurement
The active BWP switch can be DCI-based, timer-based or RRC based and the delay requirements are defined in 38.133. As we all know, the UE’s need for measurement gap may be different after the active BWP switch (e.g. from gapless measurement before active BWP switch to gap-based measurement after active BWP switch, or the opposite). Then network need to configure or release the measurement gap for the UE. But the MG configuration is based on the RRC signaling and the delay is generally longer than the DCI-based or timer based BWP switch delay. Then for the DCI-based or timer based BWP switch, the UE measurement delay may be prolonged for the case that the active BWP switch triggers a gap-based measurement while the UE performs measurement without gap before active BWP switch or the case the gap pattern needed for UE measurement varies before and after active BWP switch. 
To solve this problem, an enhanced method pre-configured MG pattern was raised to fulfill the real-time gap demand after the active BWP switch. 
Observation 1: For the DCI-based or timer-based BWP switch, the UE measurement delay may be prolonged for the case that the active BWP switch triggers a gap-based measurement while the UE performs measurement without gap before active BWP switch or the case the gap pattern needed for UE measurement varies before and after active BWP switch. 
2.2 Mechanisms of pre-configured gap pattern
From specification TS 38.211 and TS 38.213, a UE can be configured at most four BWPs by higher layers for downlink and uplink respectively and only one BWP being active at a given time. 
	38.211: 
A UE can be configured with up to four bandwidth parts in the downlink with a single downlink bandwidth part being active at a given time. The UE is not expected to receive PDSCH, PDCCH, or CSI-RS (except for RRM) outside an active bandwidth part.
[bookmark: _Hlk500923308]A UE can be configured with up to four bandwidth parts in the uplink with a single uplink bandwidth part being active at a given time. If a UE is configured with a supplementary uplink, the UE can in addition be configured with up to four bandwidth parts in the supplementary uplink with a single supplementary uplink bandwidth part being active at a given time. The UE shall not transmit PUSCH or PUCCH outside an active bandwidth part. For an active cell, the UE shall not transmit SRS outside an active bandwidth part. 
38.213: 
A UE configured for operation in bandwidth parts (BWPs) of a serving cell, is configured by higher layers for the serving cell a set of at most four bandwidth parts (BWPs) for receptions by the UE (DL BWP set) in a DL bandwidth by parameter BWP-Downlink or by parameter initialDownlinkBWP with a set of parameters configured by BWP-DownlinkCommon and BWP-DownlinkDedicated, and a set of at most four BWPs for transmissions by the UE (UL BWP set) in an UL bandwidth by parameter BWP-Uplink or by parameter initialUplinkBWP with a set of parameters configured by BWP-UplinkCommon and BWP-UplinkDedicated. 


The principle of pre-configured gap pattern is to configure a suitable gap pattern for each configured active BWP. The mapping of each BWP and gap pattern is signalled to UE through the RRC signalling. Then when UE switches to a new active BWP, the corresponding gap pattern will be configured to the UE. In this way, network does not need to send another RRC signalling to configure the measurement gap for the UE after the active BWP switch. 
For the mechanism of activation/deactivation of MG, the following issues need to be considered:
1)  Number of pre-configured MG patterns for each BWP
Based on the gap configuration in the current specification, only one MG pattern can be pre-configured for each active BWP. But from the WI [2], a parallel topic about multiple concurrent and independent gap patterns is to be studied. The conclusion of that topic can also be used in this objective i.e. at most N MG patterns can be pre-configured for each active BWP where N is the maximum number of concurrent gap patterns agreed in objective (2) in WI [2]. 
For another aspect, if the UE does not need the measurement gap within a certain BWP, the pre-configured gap pattern can be void. 
Proposal 1: There can be at most N MG patterns can be pre-configured for each active BWP where N is the maximum number of concurrent and independent gap patterns. 
2)  Activation/deactivation indication
For the current gap configuration principle, when active BWP switch triggers a gap-based measurement from the gapless measurement, the gap pattern is configured by the RRC signalling. So UE need to continue or restart the measurement after receiving the gap configuration. This process may last tens of milliseconds which may result of missing of measurement resources and longer measurement period. 
If MG patterns are pre-configured for each active BWP and the activation/deactivation of gap pattern follows the same DCI-based or time-based indication as active BWP switch, when the UE switches to a new active BWP, network will release the gap pattern in last BWP and configure the gap pattern for the new BWP with no RRC re-configuration. UE can continue the measurement without extra delay. 
Proposal 2: The activation/deactivation of pre-configured MG pattern follows the same DCI-based or time-based indication as active BWP switch. 
3)  Possible impact of pre-configured gap pattern
There are the following five cases to be considered: 
Case 1: MG is not needed for UE measurement before and after active BWP switch;
Case 2: MG is not needed for UE measurement before active BWP switch and is needed after active BWP switch;
Case 3: MG is needed for UE measurement before active BWP switch and is not needed after active BWP switch;
Case 4: Same MG is needed for UE measurement before and after active BWP switch;
Case 5: Different measurement gaps are needed for UE measurement before and after active BWP switch;
For case 1 and 4, the UE measurement can be continued using the same gap pattern with no gap re-configuration. Therefore the measurement period has no difference no matter whether the pre-configured gap pattern is used. 
But for case2, 3 and 5, when pre-configured gap pattern is used, the processing delay of RRC re-configuration is saved, and UE can continue the measurement without extra delay compared to the current RRC method. 
Observation 2: Compared to the current gap configuration, pre-configured gap pattern have no improvement or degradation for case 1 and 4, but can save the processing delay of gap configuration and release by RRC signaling for case 2, 3 and 5. 
Proposal 3: The pre-configured gap pattern can be applied for all five cases below: 
· Case 1: MG is not needed for UE measurement before and after active BWP switch;
· Case 2: MG is not needed for UE measurement before active BWP switch and is needed after active BWP switch;
· Case 3: MG is needed for UE measurement before active BWP switch and is not needed after active BWP switch;
· Case 4: Same MG is needed for UE measurement before and after active BWP switch;
· Case 5: Different measurement gaps are needed for UE measurement before and after active BWP switch;

3 Summary
In this paper, we have some initial discussions on the pre-configured MG pattern and the following observations and proposals are given：
Observation 1: For the DCI-based or timer-based BWP switch, the UE measurement delay may be prolonged for the case that the active BWP switch triggers a gap-based measurement while the UE performs measurement without gap before active BWP switch or the case the gap pattern needed for UE measurement varies before and after active BWP switch. 
Observation 2: Compared to the current gap configuration, pre-configured gap pattern have no improvement or degradation for case 1 and 4, but can save the processing delay of gap configuration and release by RRC signaling for case 2, 3 and 5. 
Proposal 1: There can be at most N MG patterns can be pre-configured for each active BWP where N is the maximum number of concurrent and independent gap patterns. 
Proposal 2: The activation/deactivation of pre-configured MG pattern follows the same DCI-based or time-based indication as active BWP switch. 
Proposal 3: The pre-configured gap pattern can be applied for all five cases below: 
· Case 1: MG is not needed for UE measurement before and after active BWP switch;
· Case 2: MG is not needed for UE measurement before active BWP switch and is needed after active BWP switch;
· Case 3: MG is needed for UE measurement before active BWP switch and is not needed after active BWP switch;
· Case 4: Same MG is needed for UE measurement before and after active BWP switch;
· Case 5: Different measurement gaps are needed for UE measurement before and after active BWP switch;
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