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1. Introduction
The work item proposal “New WID on New Radio Access Technology” was approved in RAN plenary #75 [1]. According to the outcome of the corresponding study item [2], a variety of technical aspects should be specified in the research work of the work item, in which physical layer procedures, e.g., initial access, paging, mobility, scheduling/HARQ mechanism, etc., play indispensable roles in the overall NR system.
Regarding paging, following agreements were achieved in RAN1#88 meeting [3].
· Support the paging channel design at least for RRC idle mode as follows:
· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH
· FFS: 
· Paging indication triggers UE beam reporting (if supported) 
· Opt-1: paging indication is in DCI
· Opt-2: paging indication is in non-scheduled physical channel
· How to indicate SI update if it is supported in paging
In this document, targeting the UE’s in the state of RRC_INACTIVE, paging related issues are discussed in detail, with particular focus on the case of beam sweeping being applied in the relevant cells. .
2. Discussion
Given a UE in the state of RRC_IDLE, the paging has to be performed among the component cells in the tracking area (TA) as the same as in LTE, since the network does not understand the exact location and the current cell, not to mention any beam preference related details, of a target UE. Considering the independent beam sweeping of each cell in the TA, each target UE has to be able monitor any of the differently beamformed PDCCHs of each cell in the TA. In this case, the shortest duration of a paging occasion (PO) equals the longest beam sweeping cycle of all the cells in the TA. Clearly, it will lead to longer PO duration, which may mean more PDCCH monitoring, and more severe power consumption for each target UE than in the state of RRC_INACTIVE.
Observation #1: Paging will lead to longer PO duration, more PDCCH monitoring, and more severe power consumption for each target UE in the state of RRC_IDLE, than in the state of RRC_INACTIVE.
Based on the analysis above, to page a UE in the state of RRC_IDLE, there is no alternative but to circulate the paging message among all the cells in the TA, after all the network only knows about the location of a UE at the TA level. However, for UE’s in the state of RRC_INACTIVE, the dilemma can be broken. Concerning the location information of a target UE, the network understands more than the current TA, i.e., the RAN-based notification area, which was originally proposed to support uplink mobility, and comprises one or more cells, but is smaller than the TA. In this case, the paging operation can be limited within the current RAN-based notification area in lieu of the current TA. Different from that in RRC_IDLE, this will give rise to fairly short PO duration, and consequently less PDCCH monitoring, less power consumption for each target UE.
Proposal #1: To page a UE in the state of RRC_INACTIVE, paging operation can be limited within the current RAN-based notification area for the UE in lieu of the current TA.
Observation #2: Paging in the current RAN-based notification area for the UE could give rise to fairly short PO duration, and consequently less PDCCH monitoring, and less power consumption for each target UE.
For the sake of uplink mobility, it is probable for a UE in the state of RRC_INACTIVE to transmit some reference signals (RS), and therefore one or more TRP(s) in the RAN-based notification area can obtain much more precise location information of the UE, e.g., its beam preference, based on the uplink measurement. In this case, each related TRP, regardless of the serving TRP or a neighboring TRP in the RAN-based notification area involved, can directly deliver the paging message to the target UE in lieu of traversing all the candidate beams by beam sweeping. Undoubtedly, this will yield very short PO duration, since as little as only one PDCCH needs to be monitored for each monitored cell in the RAN-based notification area, and consequently reduced power consumption at the UE. In addition the paging message only needs to be sent on a small number cells and beams, reducing overhead and interference.
Observation #3: For a UE in the state of RRC_INACTIVE, the network can obtain much more precise location information of the target UE based on uplink measurements.
Proposal #2: Each related TRP, regardless of the serving TRP or a neighboring TRP in the RAN-based notification area involved, may directly deliver the paging message to the target UE in lieu of sending the message on all the candidate beams by beam sweeping.
In fact, close inter-TRP cooperation, e.g., coherent joint transmission (JT), could also be achieved among all the TRP’s or a subset of them in the RAN-based notification area of a target UE. Considering the fact that the beam sweeping of different TRP’s may be completely independent, necessary inter-TRP signaling may be required to coherently align the beams from the involved TRP’s especially when they belong to different gNB’s. In addition, the beam preference of the target UE should be introduced on top of the UE ID in the PO scheduling. Only in this way, a target UE can wake up on time when the involved TRP’s steer their beams towards the UE if any requests, e.g., connection setup, are initiated by the network. In this case, a target UE only needs to monitor one PDCCH, and thereby the PO duration can be reduced further.
Proposal #3: Consider close cooperation, e.g., coherent joint transmission, among the involved TRP’s in the RAN-based notification area.
Proposal #4: The beam preference of the target UE should be introduced on top of the UE ID in the PO scheduling.
3. Conclusions
In this contribution, paging related issues in the state of RRC_INACTIVE were discussed in details. Based on the discussion, we have the following observations and proposals.
Observation #1: Paging will lead to longer PO duration, more PDCCH monitoring, and more severe power consumption for each target UE in the state of RRC_IDLE that in the state of RRC_INACTIVE.
Observation #2: Paging in the current RAN-based notification area for the UE could give rise to fairly short PO duration, and consequently less PDCCH monitoring, and less power consumption for each target UE.
Observation #3: For a UE in the state of RRC_INACTIVE, the network can obtain much more precise location information of the target UE based on uplink measurements.
Proposal #1: To page a UE in the state of RRC_INACTIVE, paging operation can be limited within the current RAN-based notification area for the UE in lieu of the current TA.
Proposal #2: Each related TRP, regardless of the serving TRP or a neighboring TRP in the RAN-based notification area involved, may directly deliver the paging message to the target UE in lieu of sending the message on all the candidate beams by beam sweeping.
Proposal #3: Consider close cooperation, e.g., coherent joint transmission, among the involved TRP’s in the RAN-based notification area.
Proposal #4: The beam preference of the target UE should be introduced on top of the UE ID in the PO scheduling.
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