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Introduction
In this contribution we would like to show our view on paging design based on following agreements in RAN1# adhoc meeting.
Agreements:
· Companies are encouraged to compare the following options for channel design for paging, taking the necessity of beam sweeping into consideration
· Opt-1: Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted over PCH carried by NR-PDSCH
· Opt-2: Paging message is transmitted in a non-scheduled physical channel 
· Where the paging indication may be carried by NR-PBCH or some other channel(s)
· Opt-3: Paging message is transmitted over PCH carried by NR-PDSCH without DCI. The resource is semi-statically configured
· Opt-4: Paging message (e.g., only for SI change indication) is transmitted over NR-PDCCH without NR-PDSCH
· Opt-5: Paging message is transmitted by PDSCH and paging indication is transmitted non-scheduled physical channel
· Companies are encouraged to provide their views on 
· Definitions of paging occasion and paging periodicity
· Content and payload of paging message

Discussion
Paging would be used for coming call and SIB update. Here, SIB update includes the update of public warning message like ETWS. Access barring related information is also included in this SIB update. Paging for coming call contains UE ID and this is indicated from core-network in RRC_IDLE. The message size for single UE is 40 to 90 bits order in LTE. We expect the similar size in NR because NR needs to support common core-network with LTE. When multiple UE-IDs are multiplexed within one channel, the TBS size grows by multiplying of (the number of UE)  and (UE ID length). On the other hand, in case of paging for SIB update, the required amount of the information can be 1 to a few bits. If only 1 bit is indicated, the change of any SIB would be indicated. If a few bits can be indicated, what part of SIB is updated can be indicated and unnecessary reception of SIB can be minimized, which could reduce UE power consumption, for example if only ETWS update is indicated, UE only updates ETWS related SIB messages.  We expect the similar would be valid also for NR.
Based on above observation, we would like to discuss the paging design separately for paging for coming call and paging for SIB update.

1) Paging for coming call
Although UEs in RRC_IDLE is paged per tracking area, which may consist of multiple cells, like discussions in eMTC/NB-IoT, some radio air information like cell or coverage extension level can be added to RAN-core-network signalling. Then gNB could page RRC_IDLE UEs per cell or per subcell instead of tracking area as gNB is able to obtain the knowledge of RRC_IDLE UEs if these UEs are stationary. Therefore, when UE is expected to stationary, even if the cell is operated as beam sweeping, the network can page UE only for certain beam direction. If such information is not available, UE needs to be paged per tracking area. It means if the cell is realized by beam sweeping, paging needs to be transmitted over multiple beams with sweeping manner for each cell in a tracking area.
In order to allow different beam handling per UE, we propose paging for coming call is sent separately for each UE. Then depending on the UE situation, different handling can be applied. Although we discussed this for the case of beam, the same is also true for the different coverage extension levels. 
Proposal 1: Paging for coming call is sent separately for each UE. This allows the paging content size and transmission format are optimized per UE. 
As payload size and transmission format are pre-known in advance, not using PDCCH is possible i.e. SPS like operation without PDCCH could be applied. The configuration of PDSCH can be configured by SIBs. This is called as option 3 among the candidates.
Proposal 2: For IDLE mode paging for coming call, option 3 (Paging message is transmitted over PCH carried by NR-PDSCH without DCI) is used.
Note that if paging for coming call is sent jointly with multiple UEs, in order to avoid large number of blind decodings, to use both PDCCH and PDSCH (option 1) would be reasonable.

ADC can be the most power consumption component in RX RF chain in wideband system like mm-wave, pre-indication from narrow RF is useful for power saving. To receive actual wider paging after indication is better, for example "ON/OFF" indication is based on narrow band, which could be realized by special 1bit downlink signal similar to "PHICH". Such downlink small bits transmission method can be generalized similar to eMTC proposal[2]. Some RF switching period is needed if “ON” is indicated. After that, UE could receive more detailed paging contents via wideband PDSCH.
Proposal 3: Two-step paging for coming call is taken into account to save the power

For RRC_CONNECTED UEs, as the network knows UE position accurately per cell or also within a cell, UE ID is not required to be sent as paging message. The coming call in RRC_CONNECTED is realized by following. 
UE is configured with DRX cycle and periodically wake-up for PDCCH reception. If there is message from DL, following action is taken by gNB.
- if TA timer is still valid, the network just sends PDCCH and respective PDSCH containing data. There is no paging message.
- if TA timer is not valid, the network send PDCCHs to trigger random access (= random access procedure initiated by a PDCCH order). There is no paging message.
Therefore, it is not required to design paging for RRC_CONNECTED for coming call.
Proposal 4: It is not required to design paging for coming call for RRC_CONNECTED.

Although UE behaviour for RRC_INACTIVE is on-going discussion in RAN2, following was agreed in last RAN2 meeting.
1	A UE in INACTIVE is reachable via RAN-initiated notification and CN-initiated Paging. RAN and CN paging occasions overlap and same paging/notification mechanism used.
2	A RAN node can configure a UE in INACTIVE with a RAN configured paging DRX cycle (which could be UE specific configuration).
RRC_INACTIVE UEs support both "CN-initiated paging" and "RAN initiated notification". The paging/notification mechanism needs to be same for these two cases. In RRC_IDLE, we propose the possibility of UE specific adjustment of paging message using the network knowledge for stationary case. In RRC_INACTIVE, the knowledge of UE beam/subcell situation can be more known by the network. Therefore, we think the same design with RRC_IDLE can be used for RRC_INACTIVE.
Proposal 5: The paging design for coming call for RRC_INACTIVE can be same as RRC_IDLE. When RRC_INACTIVE design is more progressed in RAN2, this can be revisited.

2) SIB update

SIB update is common for RRC_IDLE, RRC_CONNECTED and RRC_INACTIVE. All UEs in a cell would monitor paging message for SIB update and acquire updated SIB if there is update notification. The monitoring behaviour of RRC_IDLE UEs and RRC_CONNECTED UEs are different in LTE. RRC_IDLE UEs monitor paging message based on paging occasion per DRX cycle and RRC_CONNECTED UEs monitor paging message up to implementation as paging for SIB update is common to all paging occasions. Typical implementation would be the reception is aligned with DRX cycle.
We see to indicate SIB update using PBCH (option 2: Paging message is transmitted in a non-scheduled physical channel) is a reasonable option from overhead reduction perspective. After very long DRX case, because of clock drift of inaccurate oscillator, UE needs to receive synchronization signal and PBCH to obtain SFN. If SIB update is embedded in PBCH, the latency and power consumption can be reduced. If PBCH is sent separate timing compared with UE dedicated paging, UE needs to wake up twice for paging for coming call and paging for SIB update in PBCH. This increases the power consumption. Therefore, paging for coming call should be sent same or close slot to PBCH. 
 On the other hand, if PDCCH is used for paging for coming call, paging for SIB update can be also sent in PDCCH (option 4).
Proposal 6: Paging for SI/ETWS update should be sent on NR-PBCH (option 2). FFS the field size.
Proposal 7: Paging for coming call needs to be sent same or close slot with PBCH.

Conclusion
In this contribution we discussed some thoughts on paging design related to subcells. We propose following.
Proposal 1: Paging for coming call is sent separately for each UE. This allows the paging content size and transmission format are optimized per UE. 
Proposal 2: For IDLE mode paging for coming call, option 3 (Paging message is transmitted over PCH carried by NR-PDSCH without DCI) is used.
Proposal 3: Two-step paging for coming call is taken into account to save the power
Proposal 4: It is not required to design paging for coming call for RRC_CONNECTED.
Proposal 5: The paging design for coming call for RRC_INACTIVE can be same as RRC_IDLE. When RRC_INACTIVE design is more progressed in RAN2, this can be revisited.
Proposal 6: Paging for SI/ETWS update should be sent on NR-PBCH (option 2). FFS the field size.
Proposal 7: Paging for coming call needs to be sent same or close slot with PBCH.
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