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1. Introduction
Paging is the fundamental procedure of mobile communication system. This paper discusses the high level procedure and potential enhancements on CN Paging.

2.  Basic Paging Procedure

Figure 1 shows the basic paging procedure. It is missed in current TR.
Proposal 1: add paging procedure to TR.
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Figure 1: Basic paging procedure
Paging is sent to a lot of gNBs of the UE registered tracking area with at least following parameters:

· Paging record

· PO/PF (paging occasion, paging frame) calculation parameters e.g. UE ID index, DRX
· Paging Priority
· TAI list.

In air interface, paging is sent by each cell belonging to the TAI list respectively. The paging message is cell specifically scrambled. Different cell may have different paging configuration, this makes PO/PF (paging occasion, paging frame) in different cell is in different time. Each paging message can contain multiple paging records to multiple UEs. This may also make the paging message sent by different cell is different. All these reasons prevent UE from combining the paging messages from multiple cells, e.g. in terms of MBSFN.

Due to above reason, the size of paging message is very limited. In LTE, paging message capacity is too small to carry the caller ID in CSFB. This prevents UE from rejecting the incoming call per caller ID before fallback to 2G/3G. In MBMS/SC-PTM study, simulation showed that the coordinated broadcast can have up to 10dB gain than non-coordinated broadcast.
Observation 1: Without multi-cell coordination, paging efficiency in air interface is very low, which leads to paging message size is too small to carry some critical information, e.g. caller-ID in CSFB. 
Observation 2: In LTE, paging signalling from multiple cells cannot be combined by UE due to following reasons:

· Cell specific scrambling is used,
· Paging configuration is not uniform in cells of a TAI list,
· Cells are not synchronized,
· Due to paging optimization by assistance info from CN, different cell may have different multiplexing of multiple UE’s paging record to a paging message,
· Different cell may use different MCS and different PRB for paging.
3. Coordinated Paging Broadcast
In 5G, synchronized network may be a more typical deployment. At least, cell synchronization in same gNB can be ensured. When the cells are synchronized, the rest issues preventing UE combining could be resolved by including more parameters into the NG paging message and uniform paging configuration.
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Figure 2: coordinated paging broadcast
Figure 2 shows the procedure of coordinated paging broadcast. More parameter should be included in NG paging message for coordinated paging, e.g. each cell sends exactly same physical paging messages at same time with same waveform to improve paging reliability and efficiency.
Proposal 2: Include more parameters in NG paging so that cells can broadcast paging in a coordinated way, e.g. each cell sends exactly same physical paging messages at same time with same waveform to improve paging reliability and efficiency.

4.  Conclusion

Based on above analysis, we have following observations and proposals.

Proposal 1: Add paging procedure to TR.

Observation 1: Without multi-cell coordination, paging efficiency in air interface is very low, which leads to paging message size is too small to carry some critical information, e.g. caller-ID in CSFB. 
Observation 2: In LTE, paging signalling from multiple cells cannot be combined by UE due to following reasons:

· Cell specific scrambling is used,
· Paging configuration is not uniform in cells of a TAI list,
· Cells are not synchronized,
· Due to paging optimization by assistance info from CN, different cell may have different multiplexing of multiple UE’s paging record to a paging message,
· Different cell may use different MCS and different PRB for paging.
Proposal 2: Include more parameters in NG paging so that cells can broadcast paging in a coordinated way, e.g. each cell sends exactly same physical paging messages at same time with same waveform to improve paging reliability and efficiency.

A TP is proposed as below.
5. Text Proposal
---------------------------Start TP---------------------------------
7.2.4.1.x
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Figure 7.2.4.1.x-1: Paging procedure

This procedure is used by NGC to notify UE in RRC_IDLE.  
---------------------------Next change---------------------------------
7.2.4.2
Potential NG Enhancements
Paging
When the NGC is to page a full tracking area (or set of tracking areas), it may send the paging message via IP multicast. One way to support the IP multicast may be:
-
each tracking area is configured with an IP multicast address
-
all the gNBs of the tracking area join the IP multicast group.
-
the paging to the tracking area is sent by NGC to the gNBs by IP multicast using UDP protocol.
The PAGING message includes at least paging record, paging occasion, tracking areas, UE paging capability, paging priority and may include parameters to enable paging delivery by gNBs in a coordinated way, e.g. send exactly same physical paging messages at same time with same waveform to improve paging reliability and efficiency. At the reception of the PAGING message, the gNB shall perform paging of the UE in cells which belong to the tracking areas. 
---------------------------End TP---------------------------------
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