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Introduction
RAN2#101 has discussed paging operation in Idle/Inactive mode for NR and made the following agreements [1]:
Agreements
1	RAN2 confirms RAN1 agreements that paging mechanisms similar to option2, 3 and 4 (as defined by RAN1) will not be supported in Rel-15 
2	Paging messages include the full UE id as in LTE 
FFS Whether truncated UE ID could optionally be used in the case of FR2

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

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

In this contribution, we’d like to focus on some open issues on paging design.
Basic Paging Issues
In NR, beam sweeping is used to keep acceptable coverage of network. Different maximum beam number has been defined by RAN1 according to different carrier frequency. More addition, the duration of one beam is also SCS specific.
Observation 1: In NR, PO length is carrier frequency and SCS dependent.
In LTE, the PO location is static configured within one frame. Because some special subframes can’t be used for paging, the static PO location table mechanism can avoid the special subframe and the UL only subframe. But for NR, these restriction conditions are removed. In NR, the basic scheduling unit is per slot and the concept of frame is mainly used to achieve system synchronization. In the other aspect, due to different carrier frequency and SCS, the total PO number in one PF is quite different. It’s hard to design the PO pattern to meet all the case if PO is limited within PF.
Proposal 1: In NR, one PO can be scheduled across multiple radio frames.
Some POs may cross multiple frames while others may not, but for both of the two cases we think the PO calculation mechanism should be the same from UE perspective. Some concept enhancement is needed for UE specific PF. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 2: If one PO is scheduled across multiple radio frames, the calculated PF is the frame where UE specific PO starts.
In order to allow network to configure the same number of PO within the same DRX cycle as much as possible no matter what PO duration is, we think multiple POs can be included in one PF.
Proposal 3: Multiple POs can be included in one PF.
In NR, PO consists of multiple time slots due to beam sweeping. From UE power saving perspective, it’s undesirable for UE to monitor all the slots in its specific PO, because most beams are unavailable for UE. RAN1 has introduced a QCL between SSB and paging DCI to allow UE to monitor only part of slots in its specific PO, but this function is optional to use from UE side. UE can decide whether to apply the QCL or not, so PO calculation should design based on the case without considering QCL information.
Proposal 4: The result of the PO formula for a UE means the position of the first slot within UE specific PO.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In LTE, when a UE wakes up from long sleep for a paging occasion, synchronization is needed. We think pre- synchronization is also needed in NR before UE monitoring its specific PO within a DRX cycle.
Observation 2: Pre-synchronization is also needed in NR before UE monitoring its specific PO within a DRX cycle.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In NR, the periodicity of SS block can be {5, 10, 20, 40, 80, 160} ms. In RAN2 NR AdHoc 0118 meeting, we have agreed idle mode/inactive mode DRX cycle configuration in NR should take the default DRX cycle parameter in LTE as baseline [2]. If the DRX cycle is integer multiples of SS periodicity, we can get a stable relationship between PO location and SSB location easily. More addition, any default DRX cycle parameter in LTE is already integer multiples of any SS periodicity. No additional change is needed to meet our requirement.
Proposal 5: The DRX cycle is integer multiples of SS periodicity.
In contribution R2-1805520[3] and R2-1804732[4], they all wonder if there are any restrictions as to how paging occasions can be placed in relation to SS Block transmissions. It’s better to send  LS to RAN1 and/or RAN4 to clarify this issue.
Proposal 6: RAN2 sends LS to RAN1 and/or RAN4 asking if there is any restriction on how paging occasions can be placed in relation to SS Block transmissions.
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Available PO Location
In RAN1 NR AdHoc #1801 meeting, some agreements have been made on paging design [5], details are as followed:
Agreements:
· To adopt the TP for Section 5.1 of TS38.214:
When receiving PDSCH for RMSI or broadcasted Other System Info or paging the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].

Agreements:
· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.
· It is up to RAN2 on how to do the above configuration. Send an LS to RAN2 (R1-1801248, which is approved and final LS is in R1-1801280)
· 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.
According to the above agreements from RAN1, there are two possible associations between SSB index and paging DCI monitoring window. One is configured by RMSI and RAN2 can configure the PO location, another is default association which means PO location is limited within RMSI monitoring window.
From the perspective of RAN2, enough POs should be allowed to meet the paging capacity requirement. This is the basic function to support a flexible paging overhead control. 
Proposal 7: In NR, total PO number within a DRX cycle is configurable.
But it’s obvious that the default association between SSB index and monitoring window of PDCCH containing a Paging DCI will cause a limitation on total PO number. So in default association case, only a limited PO number can be configured by the network because the RMSI has its own periodicity. In our view, the default association case is only a fallback case if no association information between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI is included in the RMSI. We think the configurable association case is more reasonable to achieve a flexible paging overhead control in NR, though default association case also has its use case if the overhead is not too heavy. We think the PO/PF formula should be designed separately for the two cases.
Observation 3: No much space can be used to put enough POs if PO location is limited within the RMSI monitoring window.
[bookmark: _GoBack]Proposal 8: Two sets of PO/PF formula should be designed. One set is for the configured association case, another is for default association case.
Conclusion
Observation 1: In NR, PO length is carrier frequency and SCS dependent.
Observation 2: Pre-synchronization is also needed in NR before UE monitoring its specific PO within a DRX cycle.
Observation 3: No much space can be used to put enough POs if PO location is limited within the RMSI monitoring window.
Proposal 1: In NR, one PO can be scheduled across multiple radio frames.
Proposal 2: If one PO is scheduled across multiple radio frames, the calculated PF is the frame where UE specific PO starts.
Proposal 3: Multiple POs can be included in one PF.
Proposal 4: The result of the PO formula for a UE means the position of the first slot within UE specific PO.
Proposal 5: The DRX cycle is integer multiples of SS periodicity.
Proposal 6: RAN2 sends LS to RAN1 and/or RAN4 asking if there is any restriction on how paging occasions can be placed in relation to SS Block transmissions.
Proposal 7: In NR, total PO number within a DRX cycle is configurable.
Proposal 8: Two sets of PO/PF formula should be designed. One set is for the configured association case, another is for default association case.
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