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1 Introduction 

PO(paging occasion) has been discussed many times at the RAN2 and has a lot of related agreements.
Agreements in 3GPPRAN2-NR#1
1: UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle. 

2: UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 

3: The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signalling.

4: The number of paging occasions in the DRX cycle is configurable and provided in system information.

5: If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.

6: RAN2 understanding is that paging can be transmitted at least using beam sweeping (content of paging may be a paging indicator or the paging message, FFS)

7: Paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enables transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision).

8: The number of time slots in a paging occasion is provided in system information.

	At RAN2#99,the answer to RAN1's questions about Paging occasion 
In LTE, one Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH or MPDCCH or, for NB-IoT on NPDCCH addressing the paging message. 

PO defines a number of slots where the UE has to monitor the PDCCH (TS 38.300 section 9.2.5). RAN2 has not decided whether or not the message is in the same slot(s). RAN2 assume that RAN1 can make this decision. RAN2 think that paging design should consider UE power consumption


RAN2-AH-1801Agreements

1
Idle mode/inactive mode DRX cycle configuration in NR should take the default DRX cycle parameter in LTE as baseline.
2
The maximum idle/inactive mode DRX value in NR should be 2.56s.
Based on these agreements, several different approaches/mechanisms regarding to the PO calculation has been provides during past meetings[1-7].

This contribution analyzes one common issue to be solved by these different PO calculation mechanisms, namely, how the PO calculation mechanism applies to multi-beam operation scenarios. In addition, this contribution also analyzes the value of default paging cycle related to PO calculation and gives proposals.

2 Discussions
PO/PF calculation mechanism for multi-beam operation
There are mainly three different approaches for PF/PO calculation mechanism for NR. Some mechanism[1] [2 ][3][4] reuse the PF/PO calculation in LTE. Some others [5-7]based on duration of time slots to enable gNB to transmit paging using DL beams. 

Although the calculation methods are different, the same purpose of designing the PO is to identify the timing for UE to monitor the paging message. Since RAN1 has decided to support beam sweeping for paging, different behaviors of the gNB to send paging message in a multi-beam operation scenario must affect PO calculation mechanisms to identify monitor timing.

The detailed RAN1 agreement is copied in the table below. 

	Agreements-1:
· For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:

· Alt-1: Multiplexing paging with SS blocks

· FFS: Details of paging 

· Alt-2: Adding another round of beam sweeping for paging 

· Note: Another round of beam sweeping is different from the beam sweeping of SS burst set 

· Other alternatives are not precluded

Companies report their assumption for paging


If the gNB supports the Alt-1 method, as shown in FIG. 1, although the PO can only occur during the SSB transmission, the benefits of this solution are also obvious. The advantage is that the UE is relatively power-saving because the UE obtains paging during synchronization procedure, the UE does not need multiple round beam sweeping reception.





Figure 1  Paging occasion with Alt-1 

If the gNB supports the Alt-2 mode, as shown in FIG. 2, the design of the PO may be very flexible. The PO may occur at any period in time domain and does not necessarily need to occur during the period of sending the SSB. However the the disadvantageous of this solution are also obvious.The disadvantageous is that the UE may need to wake up early before paging to have one round of beam sweeping reception. From the perspective of UE power saving , the effect of Alt-2 is not as good as Alt-1.



Figure 2  Paging occasion with Alt-2

Both Alt-1 and Alt-2 have obvious advantages and disadvantages, so from a RAN2 perspective, both have to be considered in designing a PO calculation mechanism. For example, if the PO calculation mechanism does not work on the Alt-1 method and Alt-1 is eventually accepted by RAN1, then the PO calculation mechanism will not work。

Proposal 1: PO calculation mechanism shall support both paging multiplexed with SS blocks and another round of beam sweeping for paging.                               

Default Paging Cycle content/structure
One parameter that is closely related to PO calculation is the DRX cycle of the UE. It was agreed in NR that the default DRX cycle length is provided in system information. And UE specific DRX cycle length can also be provided to UE in dedicated signaling.In LTE, the default DRX cycle is the defaultPagingCycle configured in SIB2.Default Paging Cycle format in LTE SIB2 is as follows:

PCCH-Config ::=





SEQUENCE {


defaultPagingCycle




ENUMERATED {












rf32, rf64, rf128, rf256},

Configuration of the four values 320ms, 640ms, 128ms, 256ms from LTE is still working well. Therefore, these values should continue to be used in the NR .


Figure 3 Paging cycle shorter than SSB period 

In addition, the NR also allows to introduce new values for default DRX cycle. The minimum value needs to take into account the period of the SSB. Since the maximum period of SSB is 160ms, the value of Paging Cycle can not be less than 160ms in order for NR able to support Alt-1. For example, when the gNB supports Alt-1, the period of SSB is 160 ms and the value of Paging Cycle is 80 ms. As shown in figure 3,in this case, paging may not be received during the entire Paging Cycle.

Finally, RAN2 is discussing the format of RMSI [8]. Since defaultPagingCycle is delivered in LTE SIB2 and RMSI is mainly composed of SIB1 and SIB2 in LTE, defaultPagingCycle in NR should also be delivered in RMSI.

Proposal 2: NR to support at least four default paging cycles of 32, 64, 128 and 256 radio frames.

New NR default paging cycles cannot be less than 16 radio frames.

NR Default Paging Cycle is signalled in RMSI.

3 Conclusion 

Based on all the analysis above, we give our proposals as:

Proposal 1: PO calculation mechanism shall support both paging multiplexed with SS blocks and another round of beam sweeping for paging.                               

Proposal 2: NR to support at least four default paging cycles of 32, 64, 128 and 256 radio frames.

New NR default paging cycles cannot be less than 16 radio frames.

NR Default Paging Cycle is signalled in RMSI.
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