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Introduction
In RAN2# 96[1], the agreements on RAN based notification/tracking have been made as follows:
Agreement
1.	RAN2 assumes that UE performs CN level location update when crossing a TA boundary when in inactive (in addition to RAN updates based on RAN areas). 
2. There will be NG Core/CN Location Area code (similar to Tracking Area code) broadcast in system information of an NR Cell.


Agreement
1. RAN based notification area is UE-specific and configurable by the gNB via dedicated signalling
2 There will be a unique global Cell ID broadcast in system information of NR Cell.

Agreements
1	For the inactive state there will be a way to configure the UE with a RAN based notification area that is smaller than a TA.
2	A RAN notification area can cover a single cell or multiple cells


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this document, we discuss the DRX cycles related issues of RAN-based notification while taking into account the above agreements.

Consideration on the RAN based notification DRX cycles
CN based paging DRX（IDLE mode paging DRX）
In LTE, UE in RRC_IDLE periodically monitors a paging occasion to receive a paging message per DRX cycle. There are two type of DRX values: UE specific DRX value and a default DRX value. The UE specific DRX is allocated by upper layers and a default DRX value is broadcasted via system information. If UE specific DRX is not configured by upper layers, the default value is applied. If two types of DRX cycles are existed, the actually monitoring of the UE is determined by the shortest amongst the UE specific DRX value and the default DRX value. The concept of periodic paging occasion with paging DRX cycle is used to make sure that the UE receives potential transmission of paging message from the network while saving the UE power as much as possible. As such the UE will wake-up at definite time periods known as “Paging Periods” to monitor PDCCH so as to check for paging instances. 
When RAN based paging fails, the reason could be that UE has gone to the RRC_IDLE of NR. SA2 has decided to continue to support Idle state and CN based tracking. So RRC_IDLE state of UE need to be supported in NR. Similarly, in order to support good battery saving, the concept of paging occasion per DRX should be also used for UEs monitoring notifications in NR RRC_IDLE. Due to the agreement in RAN2#94; “Functions of LTE RRC are taken as a baseline for NR RRC”, the mechanism of paging occasion per DRX which includes DRX configuration and PF/PO calculation belongs to one feature of NR RRC, and NR paging occasion per DRX can regard the legacy paging occasion per DRX in LTE as a baseline. 
In LTE, the mechanism of one paging occasion (PO) per DRX cycle includes two steps: PF calculation and PO calculation. 
· PF is given by following equation: SFN mod T= (T div N)*(UE_ID mod N), while T is the above DRX of UE, nB is total number of POs in a DRX cycle, N is decided by min (T, nB), and UE ID equals to IMSI mod 1024. 
· PO is determined by the equation: i_s = floor(UE_ID / N) mod Ns, while UE ID equals to IMSI mod 1024, Ns is set by max(1, nB/T) which means the number of POs in a PF, and N is decided by min (T, nB.
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For example if T = 256 radio frames, nB = 4T; and UE ID = 1024, then PF and PO monitored by this UE is as shown in Figure 1.


Figure 1: Example of Paging in LTE
Based on the above equations for PF and PO determination, it is observed that
Observation 1: In order to save power and consider paging overload, T, nB and UE ID need to be configured for NR paging.

Proposal 1: NR paging occasion per DRX can regard the legacy paging occasion per DRX in LTE as a baseline.
Since there is considerable difference on the frame structure between LTE and NR, the formula for the calculation of paging occasion may need to the change accordingly if the numerology/TTI duration changes. In order to have a clear view on the frame structure of NR, more input from RAN 1 is required. Especially for multi beam paging, paging beam sweeping round will be introduced and effect PF/ PO calculation.

Proposal 2: The discussion on the detailed NR PF/PO calculation should be pending for more RAN1 inputs.

Benefits of RAN based paging DRX cycle（inactive mode paging DRX）
In the CONNECTED state, the UE first enters into short DRX cycles and then long DRX periods. Retaining the UE in RRC_CONNECTED for long duration when there is no data transmission is not energy efficient because UE needs to be awake in the on-duration period of C-DRX.  
Based on one of agreements in RAN2#95: “at least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state”
Hence, C-DRX is not suitable for RRC inactive in order to save more UE power. 
Observation 2: Regarding power-saving performance, C-DRX configuration is not suitable for RAN based notification.

For RAN based paging, it is agreed in RAN2#95 to use “For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.” In addition, RAN based paging has another agreement in RAN2#95BIS: “In the RRC_INACTIVE state, a UE location can be known at the RAN based area level where that area may be a single cell or more than one cell. Area is determined by the network”.
Based on the above agreements on RAN based paging, when NR UE remains in RRC inactive, the UE will move around in the RAN based notification area and does not need to report UE location to network. Then the RAN only knows the location of UE at the RAN level and does not know exactly in which cell UE is located, when RAN based notification area consists of more cells. When DL data arrives in RAN, RAN will trigger RAN based paging to reach UE. RRC_INACTIVE DRX is needed to allow network to reach UE at properly defined time for power saving, i.e. the network and UE must have some coordinated information (RRC_INACTIVE DRX) when the UE is configured to listen to the network notification. When UE enters in inactive state, latency/power saving requirement may be different to idle state. As such RRC inactive DRX should be introduced.
Observation 3: RRC_INACTIVE DRX is needed to allow network to reach UE at properly defined time for power saving similar to RRC IDLE.
When the fast moving UE losses connection with RAN and will be required to be reached by CN paging. The DRX design in the RRC_INACTIVE must be designed in such a way that the inactive UE is capable of listening to CN and RAN paging with minimal modifications – preferably with small efforts. As the CN paging is very likely to use very large DRX cycle settings, it might be useful to allow the RAN to setup shorter DRX cycle values. On the other hand, the INACTIVE UE should also be able to receive the SI change notification.
Proposal 3: INACTIVE UE should be capable of receiving CN paging (upon RAN paging failure), RAN paging and SI change notification.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Configuration of RAN based paging DRX cycle
One aspect of RAN-based paging is load distribution and management of paging resources of RAN, so that the RAN based paging DRX value needs to be decided based on RAN condition(s). From the UE’s perspective, the requirements of the configured services should be met in terms of latency and power saving gains while configuring RAN based paging DRX cycle. The UE could have different RAN based paging DRX for certain service(s). The DRX of RAN based notification is configured by RRC and should be transparent to CN.
Based on the above analysis, before deciding RAN based paging DRX cycle, both RAN condition and UE relevant service(s) need to be considered. When UE is to be configured (e.g. via RRC connection release message) to inactive state, RAN has stored UE relevant context. Then RAN can get the above mentioned information, and decide UE specific RAN based paging DRX cycle configuration, which can be transmitted by dedicated signalling.

                                Figure1 UE inactive DRX mechanism
                                

Proposal 4: UE specific INACTIVE DRX configuration can be directly transmitted from RAN to UE via dedicated signaling.

Conclusion
Based on the analysis given above, we have the following proposals:
Observation 1: In order to save power and consider paging overload, T, nB and UE ID need to be configured for NR paging.
Observation 2: Regarding power-saving performance, C-DRX configuration is not suitable for RAN based notification.
Observation 3: RRC_INACTIVE DRX is needed to allow network to reach UE at properly defined time for power saving similar to RRC IDLE.

Proposal 1: NR paging occasion per DRX can regard the legacy paging occasion per DRX in LTE as a baseline.
Proposal 2: The discussion on the detailed NR PF/PO calculation should be pending for more RAN1 inputs.
Proposal 3: INACTIVE UE should be capable of receiving CN paging (upon RAN paging failure), RAN paging and SI change notification.
Proposal 4: UE specific INACTIVE DRX configuration can be directly transmitted from RAN to UE via dedicated signaling.
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