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1 Introduction
In the past 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 inactive state
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.

RAN-initiated paging in light connection
In the running CR of light connection [4], the following agreements were captured:
	-
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).
Editor note: The input parameters for PO/PF calculation can be changed as necessary.
…

-
Legacy RRC paging message (with extensions, if necessary) is used by eNB to page UEs in lightly connected is used.

-
It is FFS whether to define RAN-based paging DRX cycle which is UE specific.
-
FFS: A UE in lightly connected can be configured by eNB via dedicated RRC signaling with a specific DRX cycle (which is used during the RAN-initiated paging PO/PF calculation), including at least the values 320, 640, 1280 and, 2560ms, Other values are FFS


In RAN2#96 meeting, further agreements were achieved:

Agreements

1
The UE ID (IMSI mod x) is used for PO/PF calculation in RAN-based paging.

2.
A single legacy RRC paging message is used to page UEs in idle mode and UEs in light connection (extension can be discussed).

Agreements:

1
To send msg.4 integrity protected (over SRB1) when successfully "resuming from light RRC connection (i.e. a valid UE AS context is found in the network).

2
RRCConnectionRelease is used to get UE into light connection.

2.1
To define the following new information: (a) an indicator to light connection, (b) paging area configuration and (c) DRX cycle in RRCConnectionRelease.

=>
Working assumption: Resume ID will be used in the RAN initiated paging messge. UE needs to check both the S-TMSI and Resume ID in the paging message.
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.
RAN-initiated paging in 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. The agreements are in line to mechanism in light connection. Actually, regarding paging there are no essential difference between light connection and NR inactive. Therefore, we suggest that the paging mechanism in light connection is as the baseline for NR inactive.

Proposal 1: Use the paging occasion calculation mechanism in light connection as the baseline for the NR paging in inactive state.
In order to reach the RAN and CN paging occasions overlap, same UE ID with same calculation equation should be used to calculate the paging occasion. The gNB should obtain the UE ID from the NG core before initiating paging.
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 obtains the UE ID from the NG core.
As in light connection, resume ID can be used in the RAN initiated paging message in order to avoid the gNB obtaining S-TMSI (CN level UE ID) from the CN.
Proposal 3: Resume ID can be used in the RAN initiated paging message.
2.2 Multiple beam paging
With multi-beam operation, for UEs in idle mode the stored beam pair links may be out-dated and no longer optimal. Without requiring beam reporting to update/establish beam pair links, gNB TX beam sweeping is needed for paging, with all beams used for SS burst set, targeting to cover the whole NR cell. For this reason, if the remaining resources beside the SS blocks are sufficient, Alt-1 captured in the RAN1 agreements, i.e., multiplexing paging with SS blocks, appears to be the most promising approach for transmitting paging, which is addressed to the whole cell. This can save the overhead of another round of beam sweeping for paging. To facilitate this approach, the paging periodicity can be defined as an integer multiple (e.g. possibly 2N) of the periodicity of SS burst set. 

After wake-up from Idle mode, UE first acquires candidate beam pairs via listening to the periodic SS burst set. The amount of time UE needs to listen in advance depends on the number of beams UE needs to sweep and the periodicity of SS burst set. After that, a UE can receive paging at the expected paging occasion, which should be expressed in terms of indexed period of SS burst set, within one paging period. The indexed period can be calculated, e.g. based on the UE ID in order to distribute all the UEs in different SS burst set as possible.
An example of paging periodicity/occasion defined based on SS burst set and multiplexing of paging with SS blocks is given in Figure 1.
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Figure 1 Illustration of paging periodicity/occasion defined based on SS burst set

Based on the discussions above, we have the following proposals:
Proposal 4: Support using an integer multiple of periodicity of SS burst set as paging periodicity.

Proposal 5: Support using indexed period of SS burst set as reference for defining paging occasion.

Proposal 6: In one paging period, the UE should be distributed in different SS burst set as possible.

3 Conclusion

The paper discusses the paging mechanism and we propose:
For paging in inactive state:
Proposal 1: Use the paging occasion calculation mechanism in light connection as the baseline for the NR paging in inactive 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. The gNB obtains the UE ID from the NG core.
Proposal 3: Resume ID can be used in the RAN initiated paging message.
For multiple beam paging:
Proposal 4: Support using an integer multiple of periodicity of SS burst set as paging periodicity.

Proposal 5: Support using indexed period of SS burst set as reference for defining paging occasion.

Proposal 6: In one paging period, the UE should be distributed in different SS burst set as possible.
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