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Introduction
In the last RAN2 #101 meeting, following agreements regarding paging in idle/inactive have been made:   
Agreements
1: 	The length of one PO in case of beam sweeping is one period of beam sweeping 
2: 	The UE can assume that the same paging message is repeated in all beams of the sweeping pattern.
3:	The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH)
4:	PO can be TDMed or FDMed with an SS block
Options:
1	Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID
2	Within the DRX cycle, UE identifies all the available POs and uses the UE to derive which PO to monitor.

[bookmark: _Toc507754572]=>	Offline discussion on how to derive the PO. (MediaTek, Offline discussion #43)
Update of offline discussion: Seem option 1 can be agreed

Agreements
1	Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID

However, how to calculate PO/PF is not clear. This contribution provides considerations on this aspect.
Discussion
In LTE, UE in IDLE mode may use Discontinuous Reception (DRX) in order to reduce power consumption. One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH or MPDCCH addressing the paging message. In P-RNTI transmitted on MPDCCH case, PO refers to the starting subframe of MPDCCH repetitions.
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. [1]
Since it was agreed in last meeting that PO has the same meaning as LTE, and within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID. Therefore, the same conception of PF should be applied to NR and also PO/PF calculation mechanism should be baseline for NR.
Proposal 1: PF should be defined in NR as in LTE, and take the PF/PO calculation mechanism in LTE as baseline for NR.
In the previous discussion, RAN1 provided two methods for paging, the agreement copied below for easy referent.
	· 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



And in last meeting, RAN2 confirmed that PO can be TDMed or FDMed with an SS block. What’s more, according to RAN1 design, NR SS block periodicity can be  {5, 10, 20, 40, 80, 160} ms, which means SS block is not in  every frame, there the paging circle calculation should take SS block periodicity into account, it should be multiple of SS block periodicity.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: Paging circle design should take SS block periodicity into account.
Proposal 2: Paging circle should be multiple of SS block periodicity.
And since SS block is used for synchronization, when paging circle is in accordance with SS block periodicity, but the PF location calculated is before the SS block, UE needs to do another synchronization to receive paging message. Therefore, in a paging circle, it is better if PF location is aligned to or behind of SS block.
Observation 2: If PO/PF location is aligned to or behind of SS block, UE need not to do more synchronization.
Besides, since the length of one PO in case of beam sweeping is one period of beam sweeping, if SS block is received earlier, UE can determin the best beam and save power consumption. However, it should be notice that if the time interval between SS block and PO is too large, it cannot assure that the best beam doesn’t change.
Obervation 3:  SS block can help for paging reception on the best beam only if PO is behind of SS block within an appropriate time interval.
[2] mentioned that, in RAN1 paging discussion, it has been suggested that the minimum time interval between the last SS Block location and the first Paging Occasion should be 1ms for the UE to complete pre-sync before paging reception. In the same RAN1 discussions it was also suggested that the SS Burst Set periodicity associated to a paging reception should be less than 80ms considering the pre-sync quality and best beam validity.
Observation 4: the minimum time interval should be designed according to the minimum handling time decided by RAN1 and/or RAN4.
Proposal 3: RAN2 should send LS to RAN1 and/or RAN4 for the minimum and maximum time interval. 
Proposal 4: based on the discussion above, we proposed that PO/PF is calculated as follow:
PF is given by following equation:
SFN=SFN’-(SFN’-X) mod T +G1 + ((SFN’-X) mod T) mod (G2-G1)
 SFN’ mod T= (T div N)*(UE_ID mod N)
Where,
 T=max(S,min（Tc，Tue）)
G1=minimum time interval div system frame length
G2=maximum time interval div system frame length
Index i_s pointing to PO from subframe pattern will be derived from following calculation:
i_s = floor (UE_ID/N) mod Ns
-	Tc : cell default DRX circle
-    Tue :UE specific DRX circle
-    N: number of PF in a DRX circle
-	S : SS block periodicity
-	UE_ID: IMSI mod 1024
     -    X: the first SS block after SFN 0
-	Ns: number of PO in a PF
Conclusions
In summary, our considerations and recommendations are list below:
Observation 1: Paging circle design should take SS block periodicity into account.
Observation 2: If PO/PF location is aligned to or behind of SS block, UE need not to do more synchronization.
Obervation 3:  SS block can help for paging reception on the best beam only if PO is behind of SS block within an appropriate time interval.
Observation 4: the minimum time interval should be designed according to the minimum handling time decided by RAN1 and/or RAN4.
Proposal 1: PF should be defined in NR as in LTE, and take the PF/PO calculation mechanism in LTE as baseline for NR.
Proposal 2: Paging circle should be multiple of SS block periodicity.
Proposal 3: RAN2 should send LS to RAN1 and/or RAN4 for the minimum and maximum time interval.
Proposal 4: based on the discussion above, we proposed that PO/PF is calculated as follow:
PF is given by following equation:
SFN=SFN’-(SFN’-X) mod T +G1 + ((SFN’-X)mod T) mod (G2-G1+1)
 SFN’ mod T= (T div N)*(UE_ID mod N)
Where,
 T=max(S,min（Tc，Tue）)
G1=minimum time interval div system frame length
G2=maximum time interval div system frame length
Index i_s pointing to PO from subframe pattern will be derived from following calculation:
i_s = floor (UE_ID/N) mod Ns
-	Tc : cell default DRX circle
-    Tue :UE specific DRX circle
-    N: number of PF in a DRX circle
-	S : SS block periodicity
-	UE_ID: IMSI mod 1024
     -     X: the first SS block after SFN 0
-	Ns: number of PO in a PF
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