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1 Introduction
During NR SI, paging operation has been discussed in RAN2. The following agreements were taken:
Agreements

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 signaling.
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 consist of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enable 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.
In RAN1 # NR Adhoc meeting, the following agreements were achieved for NR paging design:

Agreements:

· Companies are encouraged to provide their views on 

· Definitions of paging occasion and paging periodicity

· Content and payload of paging message
In previous RAN1 meetings, the following agreements were achieved for semi-static DL/UL assignment:

Agreements:

· For the cell-specific RRC configuration of the semi-static DL/UL assignment,
· Add additional periodicity 0.625ms (for 120KHz SCS only), 1.25ms (for >=60KHz SCS), and 2.5ms (for >=30KHz SCS)

· Also support 2 concatenated DL-unknown-UL periodicities
· Add 1 bit in semi-static DL/UL assignment to indicate if the second periodicity is included

· The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms

· When two periodicities are included, the corresponding parameters are independently configured.

· Note: it will be discussed to preclude some combinations (no additional higher-layer impact)
Agreements:

· For semi-static DL/UL assignment 

· Cell-specific RRC configuration (SIB) + additionally UE-specific RRC configuration

· UE-specific RRC configuration only overwrites the “unknown” state of the cell-specific RRC configuration
Agreements:

· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signalling includes: 

· For DL resources indication, the signalling includes:

· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0, 1, …, (Number of slots in a UL-DL switching periodicity)}
· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0, 1, …, 13}

· For UL resource indication, the signalling includes:

· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0, 1, …, (Number of slots in a UL-DL switching periodicity)} 

· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0, 1, …, 13} 

· The resource(s) in a period between DL and UL segments are unknown resources.

· FFS The UE does not receive and not transmit on ‘Unknown’ resources in cell-specific higher layer signalling if not otherwise indicated.

From the above agreements, we can see that how to calculate paging occasion is still not clear. In this contribution, we discuss the NR paging occasion design associated with NR semi-static DL/UL assignment. 
2 Discussion 
2.1 Paging Occasion determination in LTE
In LTE, UE in RRC_IDLE mode periodically wakes up and listens for paging at Paging Occasion (PO) in Paging Frame (PF) in a paging cycle. At other times, the UE may go to sleep to save power. PF is calculated by an equation 

SFN mod T= (T div N) *(UE_ID mod N)
where N=min (T, nB), which denotes the number of PFs within the DRX cycle. T is defined as DRX cycle, UE_ID =IMSI mod 1024. The DRX parameters ‘nB’ is the deciding factor for paging capacity in a cell, which denotes the number of paging occasions within the DRX cycle.
PO is a subframe that carries PDCCH addressing the paging message within the PF, which is given by the following tables.

Table1 FDD

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


Table 2 TDD (all UL/DL configurations):
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


Ns is defined as the number of paging occasions within the PF. i_s   is determined by an equation
i_s = floor(UE_ID/N) mod Ns
2.2 Paging Occasion determination in NR
In NR, the values of periodicities for the semi-static assignment of DL/UL transmission include 0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms, 10ms. If it is assumed that semi-static DL/UL assignment periodicities are indexed in the order of increasing time starting at the lowest time of the system frame, as shown in Fig 1, UE can determine the PF by the same equation with LTE. The difference is that the PF in NR is a semi-static DL/UL assignment periodicity.
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Fig 1 Indexed semi-static DL/UL assignment periodicities
Then based on PF calculation, UE identify PO in the PF. According to the pre-defined tables above, it is observed that subframes 0,1,5,6 are used for paging in a PF for TDD, which are either DL subframe or special subframe under all TDD DL/UL configurations. That is to say, PO is distributed in the common DL resource for all TDD DL/UL configurations. Thus, one most straightforward way to design PO in NR is to associate it with the NR semi-static DL/UL assignment.
In NR, for semi-static DL/UL assignment, the assignment of DL/UL transmission direction by higher-layer signalling is signalled in combination of cell-specific signalling (SIB) and UE-specific signalling. For the cell-specific higher layer signalling, the transmission indication is in pattern of DL-unknown-UL, where DL and UL is configured for resources related to essential information (e.g., sync signal, broadcast system information, and PRACH), which is the common DL and UL resource set for all UEs in a cell.  It is recommended to design PO in the resources configured with ‘DL’ in cell-specific higher layer signalling. 
In addition, the values of periodicities for the semi-static assignment of DL/UL transmission are various. The values of numerologies include 15 kHz, 30 kHz and 60 kHz for below 6 GHz. Thus, the number of slots of one semi-static frame should be changed with the change of numerology. Considering that the ‘DL’ resource signalled in cell-specific higher layer signalling may be different with different periodicities for the semi-static assignment of DL/UL transmission and different numerologies, it is recommended to design PO in NR with the consideration of periodicities and numerologies.
Proposal 1: The similar mechanism for PF and PO design in LTE is applied to NR.

Proposal 2: The design of PO in NR is associated with the NR semi-static DL/UL assignment. PO is confined within the resources configured with ‘DL’ in cell-specific higher layer signalling of DL/UL assignment.

Proposal 3: PO design and calculation should take into account of periodicities for the semi-static assignment of DL/UL transmission and different numerologies.
3 Conclusion
In this contribution, we discuss the NR paging occasion design associated with NR semi-static DL/UL assignment. The following proposals are made:
Proposal 1: The similar mechanism for PF and PO design in LTE is applied to NR.

Proposal 2: The design of PO in NR is associated with the NR semi-static DL/UL assignment. PO is confined within the resources configured with ‘DL’ in cell-specific higher layer signalling of DL/UL assignment.
Proposal 3:PO design and calculation should take into account of periodicities for the semi-static assignment of DL/UL transmission and different numerologies.
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