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1	Introduction
In RAN 2 Adhoc meeting [1], the following high-level agreements related to paging monitoring have been made:
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 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 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.
Meanwhile, RAN 1 has progressed on paging design in NR and made the following agreements in RAN1 #90bis [2]:

Agreements:
· At least Option 1 (Paging scheduling DCI followed by Paging Message) is supported
· From RAN1 perspective, paging scheduling DCI and Paging Message are sent at least in the same slot
· From RAN1 perspective, NR supports LTE-like UE grouping where UE is specifically configured of its PO/slot. This is considered part of Option 1.
· Details of UE grouping are up to RAN2 
· LS to RAN2 to inform the above agreements – Teck (Huawei) (R1-1718926), which is endorsed in R1-1719164 with the following updates:
· Update the note to “Note that in RAN1#86bis, the following agreements were made:
· NR supports at least same-slot and cross-slot scheduling for DL.”

Agreements:
· At least some parameters for Paging Occasions are explicitly signaled. 
· RAN1 understands this includes at least periodicity for the UE to monitor the paging scheduling DCI.
· Up to RAN2 to decide whether the above such information is in RMSI or OSI
· FFS: whether to support FDM of Paging Occasions and its configuration 


Agreement:
· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages
· FFS: The details on the associations between SS blocks and possible subsets of Paging DCI/Messages.
Additionally RAN 1 has progressed on paging design in NR and made the following agreements in RAN1 #91:
Agreements:
· [OSI related part omitted]
· For paging,
· The following parameters for paging are explicitly signaled in the corresponding OSI/RMSI.
· It is up to RAN2 where the paging configuration is provided
· Paging occasion configuration, e.g., time offset, duration, periodicity
· [It is up to RAN2 how to configure the paging occasion.]
· PDCCH configuration which gives search space configuration including monitoring occasions within the paging occasion.
For paging CORESET configuration, reuse the same configuration for RMSI CORESET as indicated in PBCH
…..
The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window
In this contribution, we discuss the design of paging monitoring in NR and the options for determining the Paging Frame (PF) and the Paging Occasion (PO) for a UE and dependency to RAN1 agreements.
2	Distribution of Paging Frame and Occasions
In the discussion in RAN1 the agreement from RAN1:
The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window
Was interpreted by some companies to mean that UE would be using same search space for paging and RMSI. Although this was not the discussion that took place in RAN1 but merely the intention was to say that the association here refers to which paging search space index UE monitors when UE wants to get paging corresponding to SSB#k (index k). In the default association paging SS index equals to k but in likely scenarios NW is not using n consecutive SSB indexes starting from 0 i.e. then direct mapping does not make sense as then there would be gaps in paging sweep and unnecessarily prolonging the length of the sweep.  E.g. NW utilizes SSB#4, #6 and #7 then it makes sense to map those paging SS monitoring occasions to places #1, #2 and #3 instead of #4, #6 and #7. For RACH such a handling is already utilized, i.e. RACH occasions are associated only to actually sent SSBs, and not having that for paging seems to be counterproductive.
And then considering above reference agreements from RAN1#91:
· For paging,
· The following parameters for paging are explicitly signaled in the corresponding OSI/RMSI.
· It is up to RAN2 where the paging configuration is provided
· Paging occasion configuration, e.g., time offset, duration, periodicity
· [It is up to RAN2 how to configure the paging occasion.]
· PDCCH configuration which gives search space configuration including monitoring occasions within the paging occasion.
For paging CORESET configuration, reuse the same configuration for RMSI CORESET as indicated in PBCH
Quite clearly indicates that paging search space can be freely defined by RAN2 without linkage to RMSI scheduling. In fact when we consider RMSI multiplexing patterns 2&3 (FDM) then it becomes extremely challenging to try to schedule paging in same subframes with same coreset as RMSI. 
Additionally limiting the paging occasions to just concide with RMSI/SSB will provide extremely limited paging capacity e.g. considering FR2 use case 160ms SSB periodicity having only single occasion each 160ms would be quite different compared to LTE where we can have each radioframe with 4 paging occasions i.e. about 640times more paging occasions in LTE. Obviously this is not sufficient.
So for NR we propose that it will be possible to have paging occasions (from NW point of view) approximately similar amount as in LTE.
Proposal 1: NR should be able to provide as many paging occasions as LTE (slight variation from LTE is OK)
Beam sweeping as such in our understanding should be left transparent to RAN2 PF/PO calculation:
Proposal 2: PF/PO calculation is note dependant on beam sweeping utilized in the cell. PF/PO calculation provide “starting” point of possible beam sweep of PO. UE only needs to listen any beam sweep occasion corresponding to a SSB index
Based on above discussion PF/PO calculations in RAN2 become very simple without need to hassle with SSB periodicities, beam sweeping strategies or RMSI multiplexing patterns.
Proposal 3: As a baseline PF calculation can be derived similarly as in LTE evenly distributing UEs in time:
SFN mod T= (T div N)*(UE_ID mod N)
From NW point of view it would be desirable to able to schedule multiple paging occasions close to SSB occurrence [R2-1804929] to enable longer gNB power saving between transmission of DL signals, but it might require more understanding of L1 frame structure and probably it is best to first try to define simple case. Anyway for paging capacity it is likely that more continuous transmission (like in LTE i.e. possible to transmit PO in each and every radioframe) of paging message is required, thus we propose:
Proposal 3.1: Consider after completing basic paging princples to enable gNB power saving by having multiple paging occasions to be mapped close (in time) to SSB/RMSI occasions e.g. like described in R2-1804929.
As the beam sweep could last >16ms (assuming 60kHz scs, 64 beams with one beam per slot) in some scenarios when taking into account TDD patterns some combinations of parameters are not valid but in our understanindg NW configuring paging occasions too frequently even not allowing sufficient beam sweeping is plain bad network implementation and we don’t need to specify limitation take into account that kind limitations:
Proposal 4: We don’t need to specify limitation to paging parameter signalling of PF/PO to consider too frequent PF/PO occurrence not to even allow sufficient beam sweeping to be performed between PF/PO. 
In LTE actual PO calculations for TDD are based on fixed paging subframes:
TDD (all UL/DL configurations):
-	If P-RNTI is transmitted on PDCCH, or if P-RNTI is transmitted on MPDCCH with system bandwidth > 3MHz:
	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



This is possible in LTE subframes 0, 1, 5 and 6 are always DL subframes. But in NR TDD configuration is more flexible and any slots could be DL, UL or mixed slots (X slots). Actual TDD frame configuration is signalled in two parts TDD-UL-DL-ConfigCommon1&2 which are concatenated (currently at least based on RAN2 signalling) this could result up to 20ms periodicity of TDD configuration. So basically in RAN2 PO calculations we need to take this into account.
Proposal 5: In order to calculate PO one needs to take cells TDD-UL-DL-ConfigCommon1&2 into account when calculating PO

4	Conclusion
In this paper, we have analysed the design of paging monitoring in NR. The observations and proposals are summarized in the following.
Proposal 1: NR should be able to provide as many paging occasions as LTE (slight variation from LTE is OK)
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