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1 Introduction
In the ad-hoc meeting, the following agreements on paging were achieved:
Agreements:

1
A UE in INACTIVE is reachable via RAN-initiated notification and CN-initiated Paging. RAN and CN paging occasions overlap and same paging/notification mechanism used.

2
A RAN node can configure a UE in INACTIVE with a RAN configured paging DRX cycle (which could be UE specific configuration).
In this paper, we will continue to discuss the NR paging mechanism based on the above agreements.
2 Discussion
2.1 Paging in LTE
CN-initiated paging in LTE
In LTE, according to the TS36.304, one Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH addressing the paging message. One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle.

PF and PO is determined by following formulae using the DRX parameters provided in System Information:

PF is given by following equation:

SFN mod T= (T div N)*(UE_ID mod N)

PO (i_s) is determined using following calculation:

i_s = floor(UE_ID/N) mod Ns

The following Parameters are used for the calculation of the PF and i_s:

-
T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. 

-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.

-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
UE_ID: IMSI mod 1024.

According to the above equation, it can be seen that paging occasions overlap for same UE_ID if the used DRX cycles are integer multiple relation, for example:
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Figure 1 An example for same UE_ID with different DRX cycle
Observation 1: According to the PF/PO equation in LTE, paging occasions overlap (i.e. one is the other’s subset) for same UE_ID (i.e. IMSI mode 1024) if the used DRX cycles are integer multiple relation.
RAN-initiated paging in light connection
RAN-initiated paging was introduced in light connection. There are the following agreements:

	-
Use Rel-13 PO/PF calculation mechanism as the baseline for the RAN initiated paging mechanism. 

· The UE ID used for paging calculation (PO/PF) is IMSI mod x (same as legacy).


Agreements

1
The Resume ID will be used in the RAN initiated paging message.

2
UE in light connection behavior upon reception of paging: UE in light connection checks both Resume ID and CN paging ID (i.e. S-TMSI or IMSI).

2.1
When is paged using CN paging ID while been in light connection, UE enters into idle mode and follows legacy procedure (i.e. a new connection RRC Connection is established.

2.2
When is paged using CN paging ID while been in light connection, it means eNB doesn’t have the UE context from RAN2 understanding.

3
The cell list for the RAN-configured paging area is defined using the CellIdentity. Further optimizations could be discussed based on contributions.

4
To define the maximum number of cells as 128.
5
To post-pone for future release the discussion on whether to define of a new RAN-configured paging area identifier (ID) as another option for the RAN-configured paging area.
6
The values of the RAN-configured DRX cycle (which is used for the RAN-initiated paging mechanism) are 32, 64, 128, and 256 radio frames. Value 1, 2, 4, 8 and 16 will be considered in future release because the RAN4 impact.

7
The paging DRX cycle, used by a UE in light RRC connection and for the RAN-initiated paging, should be the shortest of RAN-configured paging DRX cycle, UE specific DRX cycle (if configured by upper layers) and default DRX cycle (which is broadcasted).
8
To also enable the following resume cause values to be used by a UE in light connection:



1) A new value (e.g. ranAreaUpdate) for the UE to indicate the access due to a paging area update (PAU) procedure. The value is added in Msg 3.


2) The emergency and highPriorityAccess values. It should be triggered by up layer.

9
The UE AS notifies the UE NAS when entering to and exiting from light RRC connection.
10
A UE knows whether the cell supports light RRC connection feature via a broadcast indication
11
To define a periodic paging area update (PAU) procedure for the RAN to perform UE's reachability monitoring.

12
To define the following values for the periodic UE's reachability timer which is used by the eNB to configure a UE in light connection for periodical PAU procedure: {5, 10, 30, 60, 120, 360, 720, infinity} with the value in minutes and default value been 30 minutes.

13.
If PAU procedure fails (e.g., UE out of coverage when periodic PAU timer expires), the UE AS autonomously leaving RRC_CONNECTED (in light connection) to RRC_IDLE and informs the UE NAS of the failure of the light RRC connection.

RAN-configured paging DRX cycle which is UE specific was agreed. For light connection, same input parameters except DRX cycle are used to calculate the PF/PO for both RAN-initiated paging and CN-initiated paging. According to the PF/PO calculation equation, if it is the integer multiple between the DRX cycles used for RAN-initiated paging and CN-initiated paging, the paging occasions are overlapped, which benefits for UE battery saving since it can reduce the UE wakeup times.
2.2 Paging consideration for NR
In NR, RAN2 has agreed that a UE in INACTIVE is reachable via RAN-initiated notification and CN-initiated Paging and a RAN configured paging DRX cycle (which could be UE specific configuration) can be configured to a UE in inactive state by the gNB. So far the agreements in NR are in line to mechanism in light connection. Actually, regarding paging it seems that there are no essential difference between light connection and NR inactive. 

Proposal 1: Use the paging occasion calculation mechanism in LTE as the baseline for NR for both the CN-initiated paging and RAN-initiated paging in inactive state and idle state.
In order to ensure the RAN and CN paging occasions overlap which can reduce the UE’s wake up times, same UE ID with same calculation equation should be used to calculate the paging occasion. In LTE, the following DRX cycle values are supported:
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rf32, rf64, rf128, rf256},

It can be seen that any two DRX cycles are integer multiple relation. If we assume that it is still so in NR, the DRX cycle is not one problem for paging occasion overlapping.
Proposal 2: Same UE ID with same calculation equation is used to calculate the paging occasion for RAN-initiated paging and CN-initiated paging. 
The gNB should obtain the UE ID from the NG core before initiating paging. There are two solutions:

· Alt1: Upon gNB deciding to initiate the paging message, the gNB requests the UE ID from the NG core;

· Alt2: UE ID is sent to the gNB in advance when UE context is setup;

Alt1 introduces additional time delay. Alt2 is desirable. In details, the UE ID can be included in the UE Context Setup Request message. 

There are three types of paging DRX cycles:
· UE specific DRX cycle
· Cell broadcasted DRX cycle

· RAN-configured DRX cycle
UE specific DRX cycle is determined by the UE and is sent to the NG core in attach request message. Cell broadcasted DRX cycle is determined by the gNB and is common for all the UEs in the cell. Generally, cell broadcasted DRX cycle is set mainly for MBB service. RAN-configured DRX cycle is determined by the gNB and is dedicated for one UE. One issue is how the DRX cycle used by the UE is determined based on the three types of DRX cycles. In LTE, MBB service is the main supported service and therefore the DRX cycle used by the UE is determined by the shortest of the three types of DRX cycles. However, it may be no more applicable in NR, because NR will support varied services and UE types with different requirements. For example, URLLC UE is very sensitive to the time delay and the shortest method may be desirable. MTC UE may be sensitive to the power saving and the shortest method may be unwanted. 
Observation 2: It is no more applicable in NR that the DRX cycle used by the UE is determined by the shortest of the three types of DRX cycles.
In order to cope with varied requirements, one possible method is that the gNB can decide the DRX cycle used by the UE taking into account the UE specific DRX cycle, cell broadcasted DRX cycle and other information, e.g. service and UE type, i.e. the UE always uses the RAN-configured DRX cycle to calculate the PO if the RAN configures it. If so, the gNB needs to obtain the UE specific DRX cycle from the NG core. Also, if the gNB obtains the UE specific DRX cycle, the gNB can decides whether RAN-configured paging DRX cycle is needed or not.
Proposal 3: The gNB obtains the UE ID and UE specific DRX cycle from the NG core, e.g. from the UE Context Setup Request message.

Proposal 4: If the UE is configured one DRX cycle by the gNB, the UE uses the RAN-configured DRX cycle to calculate the PO in inactive state. Otherwise, the UE uses the shortest of the UE specific DRX cycle and the cell broadcasted DRX cycle.

When the UE enters the idle state, the RAN-configured DRX cycle should be released. When the UE with RAN configured DRX cycle reselects to one new cell in the RNA area in inactive state, one issue is whether the UE continues to use the RAN-configured DRX cycle in the new cell or not. We prefer that the configured DRX cycle continues to be used since it can be assumed that the original gNB which makes UE entering the inactive state knows the exact information of the UE and makes the proper decision.
Proposal 5: RAN-configured DRX cycle is released when the UE enters idle states.

Proposal 6: RAN-configured DRX cycle continues to be used when the UE moves to one new cell in the RNA area in inactive state.
3 Conclusion

The paper discusses the paging mechanism and we propose:
Observation 1: According to the PF/PO equation in LTE, paging occasions overlap (i.e. one is the other’s subset) for same UE_ID (i.e. IMSI mode 1024) if the used DRX cycles are integer multiple relation.
Proposal 1: Use the paging occasion calculation mechanism in LTE as the baseline for NR for both the CN-initiated paging and RAN-initiated paging in inactive state and idle state.
Proposal 2: Same UE ID with same calculation equation is used to calculate the paging occasion for RAN-initiated paging and CN-initiated paging. 
Observation 2: It is no more applicable in NR that the DRX cycle used by the UE is determined by the shortest of the three types of DRX cycles.
Proposal 3: The gNB obtains the UE ID and UE specific DRX cycle from the NG core, e.g. from the UE Context Setup Request message.

Proposal 4: If the UE is configured one DRX cycle by the gNB, the UE uses the RAN-configured DRX cycle to calculate the PO in inactive state. Otherwise, the UE uses the shortest of the UE specific DRX cycle and the cell broadcasted DRX cycle.

Proposal 5: RAN-configured DRX cycle is released when the UE enters idle states.

Proposal 6: RAN-configured DRX cycle continues to be used when the UE moves to one new cell in the RNA area in inactive state.
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