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1 Introduction
During RAN3#95 and RAN3#96, the paging function over F1 was discussed without any conclusion [1]. The paper discusses the paging message delivery over F1.
2 Discussion
Generally, paging message is used to initiate mobile terminated activities, to trigger UEs to re-acquire system information and to provide an ETWS/CMAS indication. Besides, RAN-based paging is introduced in NR for the gNB to paging the inactive UEs. Although some other enhancements on NR paging is under discussion in RAN1 and RAN2 e.g. how to support beam sweeping in high frequency, a similar mechanism is still expected in NR paging.  
2.1 PF and PO calculation
In LTE, the UE calculates the timing for paging reception based on Paging Frame (PF) and Paging Occasion (PO). 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:

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.

Regarding above parameters, some are cell specific and broadcast in system information, which include:

-
default DRX value and nB, 

While some parameters are provided by core network in CN paging:

-
UE specific CN DRX and UE_ID.
In NR, gNB-CU determines whether the UE should enter into RRC inactive state or not, and triggers RAN-based paging if there’s DL data from core network. For RAN-based paging, it is agreed in RAN2 [2] that, 

· A UE in inactive can be configured with a UE specific RAN DRX cycle over dedicated signalling.

· The UE uses the shortest of the CN UE specific DRX cycle and the cell broadcasted DRX cycle and the RAN DRX cycle. All the DRX cycle values must be multiples of each other.
PF and PO calculation for RAN-based paging are similar as for CN paging, the only difference is the final paging cycle of UE which takes UE specific RAN DRX into consideration. 
In short, for CN paging, the final paging cycle of UE is determined by the shortest of UE specific CN DRX cycle and cell broadcased DRX cycle. For RAN-based paging, the final paging cycle of UE is determined by the shortest of the CN UE specific DRX cycle and the cell broadcasted DRX cycle and the RAN DRX cycle. 
As PF and PO are calculated based on SFN, it is better for gNB-DU to determine PF and PO as SFN resides in gNB-DU. The issue of gNB-DU calculating PF and PO is that gNB-DU needs the final paging cycle of UE and UE_ID. Specifically, we believe that cell broadcasted DRX cycle is controlled by gNB-DU. That is, the gNB-CU needs forward UE specific CN DRX and UE_ID to gNB-DU over F1 interface for CN paging, and forward UE specific CN DRX, UE specific RAN DRX and UE_ID for RAN-based paging. 
Proposal 1
For CN paging, gNB-CU needs to forward the UE specific CN DRX and UE_ID to gNB-DU in order that the gNB-DU can calculate the PO and PF.
Proposal 1bis
On top of proposal 1, for RAN paging, gNB-CU needs to forward the min(UE specific CN DRX, UE specific RAN DRX). 

2.2 PA calculation
Besides that, the paging area is decided by TAI list or RAN Notification Area (RNA) for CN/RAN-based paging respectively. There are there options regarding paging area calculation:
-
Option 1: gNB-CU forwards the paging message to all connecting gNB-DUs and the gNB-DUs calculates the paging area based on receiving TAI list or RNA;

-
Option 2: gNB-CU selects only related connecting gNB-DUs based on TAIs or RNA and the related gNB-DUs decides the paging cells based on TAIs or RNA;

-
Option 3: gNB-CU selects paging cells directly and sends paging cell list to related gNB-DU.

Option 1 could cause unnecessary signalling overhead over F1. Both option 2 and option 3 are ok. The only difference is, gNB-CU needs to provide all the TAIs or RNA to the related gNB-DUs for option 2, and gNB-DU looks for the corresponding paging cells based on TAIs or RNA. While for option 3, gNB-CU maps TAIs or RNA to cell IDs, and sends paging cell list to the related gNB-DU. We believe that gNB-CU maintains the mapping relationship between TAI or RNA and cell ID. Therefore, option 3 is preferred. 
Proposal 2
gNB-CU determines paging cell list based on TAI list or RNA and provides them to the related gNB-DUs.

2.3 Paging generation
The working assumption opens a door for gNB-DU to insert SFN into MIB message, which implies that gNB-DU may have ASN.1 encoding/decoding capability. Therefore, we assume that both gNB-CU and gNB-DU could generate the final paging message.

As PF and PO are calculated by gNB-DU, it is also suggest gNB-DU to generate the final paging messages upon CN paging. Correspondingly, gNB-CU needs to provide UE paging identity and other necessary parameters such as Paging priority, UE Radio Capability etc. if provided by CN paging. For RAN-based paging, at least UE paging identity should be provided by gNB-CU, other parameters depends on final RAN2 agreement. For ETWS/CMAS warning, gNB-CU needs to indicate the warning type, i.e., ETWS or CMAS. 
For change of system information, we proposed that final system information is encoded by the gNB-DU as analyzed in [2]. Therefore, we believe that gNB-DU should also be responsible to generate the paging message upon SI change. 
Proposal 3
gNB-DU generates the final paging message with the assistant information from gNB-CU. 
Proposal 4
gNB-CU needs to provide UE paging identity and other necessary parameters upon CN paging or RAN-based paging, and provide the warning type (i.e., ETWS or CMAS) upon CN warning.  
3 Conclusion and Proposals
Based on the discussion, we have the following observations and proposals:
Proposal 1
For CN paging, gNB-CU needs to forward the UE specific CN DRX and UE_ID to gNB-DU in order that the gNB-DU can calculate the PO and PF.
Proposal 1bis
On top of proposal 1, for RAN paging, gNB-CU needs to forward the min(UE specific CN DRX, UE specific RAN DRX).
Proposal 2
gNB-CU determines paging cell list based on TAI list or RNA and provides them to the related gNB-DUs.

Proposal 3
gNB-DU generates the final paging message with the assistant information from gNB-CU. 
Proposal 4
gNB-CU needs to provide UE paging identity and other necessary parameters upon CN paging or RAN-based paging, and provide the warning type (i.e., ETWS or CMAS) upon CN warning.  
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