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1   Introduction
How to generate and deliver paging message over F1 interface had been discussed over the past several RAN3 meetings. The views on the paging message generation and delivery are summarized as described below:
	
	Generated by CU 
	Generated by DU
	Generated by both CU and DU

	PO and PF calculation
	PO and PF are calculated by CU, and send them to DU[1,3]
	DU calculate PO/PF with the assistance information provided by CU [2]
	PO and PF are calculated by DU with the assistance information from CU[4]


In this contribution, the different solutions on the paging message transmission over F1 interface have been compared, and some proposals have been given.
2   Discussion

As the one of the key functions, Paging in the NR RRC sub-layer has been captured in TS 38.300. Two initiated scenarios, by 5GC or NG-RAN, are supported in NR. For high-layer function split between CU and DU, the centralized RRC/PDCP is located in CU, while RLC/MAC/PHY is located in DU. In TS38.401, the gNB-DU is responsible for transmitting the paging information according to the available scheduling parameters. But how to generate the paging message and PF/PO/PA is still unclear. Considering the paging message has some special characterises (e.g., transmit via PCCH, RLC TM mode, and not associated to any SRB) towards other RRC message, this section gives the brief analysis for paging message. 
2.1   Paging initiated by 5GC
In LTE, the EPC sends a Paging message via S1-C interface to eNB to initiate only one UE activities in a specific eNB. The paging message via S1-C interface contains some supplementary information, e.g., UE specific DRX, UE Radio capability for paging, and etc. Based on the supplementary information, the eNB can decide the candidate cells to deliver the paging message. Subsequently the eNB will generate the paging message via PCCH to the notification of one or more UEs with the same PO/PF. 
From the above description, we can conclude that the actions or operations in RAN side can be listed as followings:
· Identify the paging region or cells (PA calculation)
· PO and PF calculation 

· Generation of paging message 

Since the termination point of NG has been agreed to locate in the gNB-CU, CU is in charge of receiving and resolving the content of the paging message over NG-C interface. CU may be connected with multiple DUs with different TAs .Therefore it is natural that the paging region or PA shall be identified by CU. 
Proposal 1: the PA calculation is controlled by CU.

· Solution 1: Both PO/PF calculation and paging generation are controlled by CU
The synchronization between CU and DU is needed to find out the timing reference differences. In addition, CU shall acquire the latency of F1-C to identify the timing advancement of paging message transmission. Therefore, the additional synchronization procedure shall be introduced in F1 interface. CU consolidates the multiple UEs’ paging records with the same PO and PF. Meanwhile, the CU may also identify the candidate cells in this DU to transmit the paging message based on the UE Radio Capability for Paging IE provided by 5GC. And the Paging message over F1 interfaces contains the following information:
· The RRC paging message 
· PO and PF 
· UE ID list

· Paging cells list

In LTE, to improve the paging success ratio, the paging message over Uu can be retransmitted one or several times. This mechanism depends on the vendor’s private implementation. The Figure 1 illustrates the paging procedure with retransmission mechanism in NR scenario. Since the DU can not generate Paging RRC message, the CU shall renew the Paging message and retransmit it over F1 interface when the UE paging list in RRC message changed. This will increase the message overhead over the F1 interface. Anyway, this solution is the simplest way for the DU implementation.
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Figure 1 the paging procedure with retransmission mechanism
· Solution 2: Both PO/PF calculation and paging generation are controlled by DU
In this solution, the UE specific parameters (e.g., UE ID, UE specific DRX) shall be provided to DU for calculating PO and PF. And the DU shall have the capability of encoding ASN.1 for RRC paging message. With the assistance information provided by CU, DU can consolidate all the paging records with the same PO/PF. As depicted in Fig 2,  less F1AP messages will be transmitted over F1 interface than Solution 1. From the CU side, it can consolidate different UE’s paging information into one F1AP message, regardless of the PO/PF difference among UEs, to reduce the amount of F1AP messages.
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Figure 2 the paging procedure of Solution 2
· Solution 3: Both CU and DU generate the paging message, while DU calculate the PO/PF information
Since the DU can reconsolidate the RRC paging message from CU, the capability of both encoding and decoding RRC ASN. 1 shall be supported in the DU. Therefore, this solution is the most complex solution in this scenario, and it can be also regarded as an optimization solution for Solution 1 and 2. 
2.2   Paging initiated by NG-RAN
The paging initiated by NG-RAN is used to inform UE about system information change. The paging message generated by either CU or DU is feasible. The only difference is that DU has the capability of encoding RRC ASN.1 to generate RRC paging message.
From our view, we prefer not to introduce RRC function or RRC ASN.1 decoding/encoding capability in DU entity in this release. Although the Solution 1 descripted in section 2.1 may bring more F1 messages than Solution 2/3 in some scenarios, it still can work well in all scenarios with the lowest implementation complexity of DU. In 3G era, the paging message is generated by RNC and transmitted by NodeB. And we have not found any negative impact toward UEs and network until now. We also see no need or significantly benefit to move some paging function to DU. We prefer to make the function split between CU and DU clearer. In addition, the Solution 3 can be regarded as a private optimized solution in CU-DU intra-vendor scenario. Therefore,

Proposal 2: CU is in charge of the RRC paging message generation and PO/PF calculation. 

Proposal 3: CU provides the RRC paging message and the assistance information (e.g., PO, PF, repetition times, candidate cells, and etc) to DU. DU shall buffer the RRC paging message and transmit it in the corresponding PO/PF.
3   Proposal
In this contribution, we further analyses the paging message generation and delivery in F1 interface, and get the following proposal:
Proposal 1: the PA calculation is controlled by CU.
Proposal 2: CU is in charge of the RRC paging message generation and PO/PF calculation. 

Proposal 3: CU provides the RRC paging message and the assistance information (e.g., PO, PF, repetition times, candidate cells, and etc) to DU. DU shall buffer the RRC paging message and transmit it in the corresponding PO/PF.
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