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1. Introduction

Rel-16 WI for CA/DC enhancement was approved in RAN#82, and the latest WID is in [1]. According to the work plan, RAN4 RRM related work should start from this meeting (RAN4#92). In this paper we will go through objectives with RAN4 impacts, and provide our initial views on the work scope for RRM.
2. Discussion
2.1. Rel-16 NR-DC
	1. Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]

· UE power control [RAN1]

· RRC signalling to support of enhanced NR-NR DC [RAN2]

· Core requirements to support enhanced NR-NR DC [RAN4]

Note: Synchronous DC enhancements in this WID considers only cases not covered in Rel-15 exception sheet for NR WI NR_newRAT-Core. 


In Rel-15 late drop, synchronous NR-DC was supported, with MCG fully in FR1 and SCG fully in FR2. In Rel-16 asynchronous NR-DC is to be supported. In addition, for both synchronous and asynchronous NE-DC, deployment scenarios may be extended to include

· Scenario 1: MCG fully in FR1 and SCG fully in FR2 (already in Rel-15 for synchronous)

· Scenario 2: MCG fully in FR1 and SCG fully in FR1

· Scenario 3: MCG fully in FR2 and SCG fully in FR2
· Scenario 4: MCG fully in FR2 and SCG fully in FR1 (no use case has been identified by RAN1)

· Scenario 5: MCG in both FR1 and FR2, or SCG in both FR1 or FR2

It is a question which scenarios should be considered for RRM requirements. Our view is that RRM requirements are defined only for scenario 1, before band combination for other scenarios are defined in RF session. Of course, technical analysis can be done for all the scenarios.
In 38.133 the RRM requirements for Rel-15 NR-DC are specified. Some of the requirements are agnostic to whether NR-DC is synchronous or asynchronous or the deployment scenario, while others need to be adapted for either asynchronous NR-DC or new deployment scenarios. Based on our analysis in [2], the following requirements should be considered:

· MTTD/MRTD

· Interruption

· Measurement gap

· CSSF

· SFTD accuracy
Proposal 1: RRM requirements are specified for deployment scenario with MCG fully in FR1 and SCG fully in FR2, and for other scenarios only when corresponding band combinations are defined in RF session.
Proposal 2: RAN4 to adapt following requirements for Rel-16 NR-DC: MTTD/MRTD, Interruption, Measurement gap, CSSF, SFTD accuracy.
2.2. Early measurement reporting
	2. Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode

· The impacts on UE power consumption should be minimized

· The LTE Rel-15 euCA work should be utilized, when applicable


The motivation for early measurement reporting is to allow network to obtain measurement results for the candidate PSCell and SCell when UE enters CONNECTED state, which would help network to fast setup CA or DC. Compared to traditional procedure for configuring PSCell or SCell, it can save the time for measurement configuration, measurement and measurement reporting. 

This objective has already been discussed extensively in RAN2. Based on our understanding, the main functionality is quite similar to early measurement introduced for LTE euCA. As discussed in detail in [3], UE can be configured to measure a list of frequencies and/or a list of cells in IDLE and INACTIVE, and when requested, send the available measurement results right after connection setup or during connection resume. Therefore, from RAN4 point of view, measurement requirements, in terms of measurement capability, measurement period and measurement accuracy, should be defined. 

Proposal 3: RAN4 should define measurement requirements for UE early measurement in IDLE and INACTIVE, including measurement capability, measurement period and measurement accuracy.
2.3. Fast cell access
	3. Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode


This objective is to enable UE efficient and fast cell access including initial cell setup, additional cell setup and additional cell activation. In LTE euCA, two related features are introduced, one is direction SCell activation and the other is SCell dormant state. 

· Direct activation allows network to configure an SCell to be directly in activated state, such that the additional time for a separate activation process can be saved. RAN2 has agreed to support the same functionality in NR, so RAN4 should define related delay and interruption requirements.

· Dormant state can be considered as an intermediate state between activated and de-activated, and RAN4 has defined the delay and interruption requirements for the state transitions. However, in NR it has been agreed in RAN2 that a dormant state will not be defined, but the dormancy behaviour will be studied as a means to reduce the latency to utilize an SCell for data. RAN2 has sent an LS asking RAN4 views on possible reduction in SCell activation delay when dormancy behaviour is used. Therefore, RAN4 should study the issue and define related requirements if dormancy behaviour is defined by RAN1 and RAN2. 

In addition, the SCell activation delay defined in Rel-15 is based on SSB. SSB, unlike LTE CRS, is only periodically available, which makes the delay rather long when SSB periodicity is large. Given this issue, both RAN1 and RAN2 are considering temporary RS to enable fast SCell activation. Two LS-es have been received asking RAN4 views on possible reduction in SCell activation delay when temporary RS is used. Therefore, RAN4 should study the issue and define related requirements if activation process based on temporary RS is defined by RAN1 and RAN2.

A detailed discussions on above fast cell access mechanisms can be found in [4].
Proposal 4: RAN4 should define delay and interruption requirements for direct SCell activation.

Proposal 5: RAN4 should study possible reduction in SCell activation delay when dormancy behaviour or temporary RS is used.
2.4. Interruption under EN-DC and NE-DC due to euCA 

	8. Specify the interruption requirements for EN-DC and NE-DC related to features added during the Rel-15 LTE euCA WI [RAN4]


In RAN4#90, it is agreed to specify interruption requirements due to LTE euCA for UE in EN-DC and NE-DC as part of Rel-15 leftover. In RAN#84, it is agreed to move this objective to CA/DC enhancement WI. 

In Rel-15 the interruption requirements for EN-DC and NE-DC are already specified, in 36.133 when LTE serving cells are victim, and in 38.133 when NR serving cells are victim. The requirements, however, do not take euCA related interruptions into account, because at the time when they were defined, the euCA interruption was also under discussion. Now with euCA WI completed, it is a straightforward task to add euCA related interruptions for EN-DC and NE-DC.

In our understanding, euCA related interruptions include those caused by

· Dormant state, which further includes CQI measurement when in dormant state (7.8.2.17 of 36.133) and state transitions around dormant state (it seems requirements in current spec are only defined for transition from dormant to activated (7.8.2.14-16 if 36.133), and are missing for other transitions)

· Direction activation or hibernation (it seems requirements are missing in current spec)

For specification, requirements are needed in both 36.133 and 38.133. For 36.133, since both aggressor and victim are LTE cells, the requirements defined in euCA can be re-used for EN-DC and NE-DC. For 38.133, the requirements can be defined following the same principle as for other LTE-caused interruptions. Our proposed CRs can be found in [5-8].

Proposal 6: RAN4 should define requirements for interruptions caused by dormant state (including CQI measurement in dormant and state transitions) and direction activation or hibernation for EN-DC and NE-DC.
3. Conclusions

In this paper we provided our general views on RRM work for Rel-16 WI on CA/DC enhancement.

Proposal 1: RRM requirements are specified for deployment scenario with MCG fully in FR1 and SCG fully in FR2, and for other scenarios only when corresponding band combinations are defined in RF session.
Proposal 2: RAN4 to adapt following requirements for Rel-16 NR-DC: MTTD/MRTD, Interruption, PSCell addition, Measurement gap, SFTD.

Proposal 3: RAN4 should define measurement requirements for UE early measurement in IDLE and INACTIVE, including measurement capability, measurement period and measurement accuracy.
Proposal 4: RAN4 should define delay and interruption requirements for direct SCell activation.

Proposal 5: RAN4 should study possible reduction in SCell activation delay when dormancy behaviour or temporary RS is used. 

Proposal 6: RAN4 should define requirements for interruptions caused by dormant state (including CQI measurement in dormant and state transitions) and direction activation or hibernation for EN-DC and NE-DC.
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