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Introduction
During the NR Study Item, RAN2 captured the following agreements related to paging [1]:
The UE in RRC_IDLE and RRC_INACTIVE states may use Discontinuous Reception (DRX) in order to reduce power consumption. While in RRC_IDLE the UE monitors CN-initiated paging, in RRC_INACTIVE the UE is reachable via RAN-initiated paging and CN-initiated paging. RAN and CN paging occasions overlap and same paging mechanism is used. The UE monitors one paging occasion per DRX cycle for the reception of paging as follows:
-	Paging DRX cycle length is configurable;
-	A default DRX cycle for CN paging is configurable via system information; A UE specific DRX cycle for CN paging is configurable via UE dedicated signaling; A RAN node can configure a UE with a DRX cycle for RAN paging. This configuration can be UE specific. 
-	The number of paging occasions in a DRX cycle is configurable via system information;
-	A network may distribute UEs to the paging occasions based on UE id when multiple paging occasions are configured in the DRX cycle.
-	Paging occasion can consist of multiple time slots (e.g. subframe or OFDM symbol). The number of time slots in a paging occasion is configurable via system information.
-	A network may transmit a paging using a different set of DL Tx beam(s) or repetitions in each time slot.
NOTE 1:	FFS for the content of paging (e.g. paging message or paging indicator) when paging is transmitted using beam sweeping.
NOTE 2:	Transmission mechanism of paging in each time slot is up to RAN1 decision.
In this contribution, we discuss UE assisted paging for multi-beam NR systems using beam sweeping.
Discussion
In LTE, a UE monitors paging during a Paging Occasion (PO) that is determined based on the UE ID and the paging configuration signaled by the network.  During the PO, the UE monitors the PDCCH for DL control information (DCI) masked with the P-RNTI.  Detection of the P-RNTI during the PO is an indication that one or more UEs have been paged. To determine which UEs were actually paged, the UE must read the paging message transmitted on the PDSCH.  If the paging message includes a paging record with the UE’s identity, then the UE has been paged and proceeds with establishing an RRC connection.  
Observation 1:  In LTE, during the PO the UE performs the following two actions:
1) The UE monitors the PDCCH for DL control information (DCI) masked with the P-RNTI.
2) Upon detection of the P-RNTI during the PO, the UE looks for its identity in the paging record.
Observation 2:  In LTE, upon being paged, the UE initiates an RRC connection only after confirming its identity is contained in the paging record.
For NR, RAN2 has agreed the UE monitors one PO per DRX cycle for the reception of paging.  However, to enable reliable paging for multi-beam NR networks, the PO can consist of multiple time slots, thereby allowing the network to transmit the paging using a different set of DL Tx beam(s) or repetitions in each time slot.  The content of paging (e.g. paging message or paging indicator) when paging is transmitted using beam sweeping has not yet been decided [1]. 
One option for paging transmission when beam sweeping is used is to repeat the transmission of the paging message (P-RNTI & paging record(s)) during all time slots of the PO.  The simplicity of such an approach has its advantages.  However, for systems that require even a modest number of beams to be swept, it is inefficient since a large number of radio resources are consumed for transmission of the paging message using beams that can’t be received by the UE.
Observation 3:  Repeating the transmission of the paging message during all time slots of the PO is inefficient since a large number of radio resources are consumed for transmission of the paging message using beams that can’t be received by the UE.
Another option is to only transmit the paging message using beams that can be received by the UEs being paged.  However, the gNB may not have knowledge of the UEs’ location at the beam level and therefore would not know which beams should be used for transmission of the paging message.  To resolve this problem, a Paging Indicator (PI) could be transmitted during the PO to indicate that one or more UEs have been paged.  When the UE receives an indication during its PO that one or more UEs have been paged, the UE could provide feedback to assist the gNB in determining the beam(s) to use for transmission of the paging message.  A UE assisted response driven paging procedure is illustrated Figure 1.
Observation 4:  When the UE receives an indication during its PO that one or more UEs have been paged, the UE could provide feedback to assist the gNB in determining the beam(s) to use for transmission of the paging message. 
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If a single PI is used, then a spike in UL signalling can occur when the network pages one or more UEs, since all UEs monitoring for paging during the PO will report paging assistance even if they aren’t actually paged. To reduce this spike in UL signalling, multiple PIs could be defined, where each PI corresponds to a different paging group.  The UEs could be distributed to the paging groups based on UE ID and the paging configuration signaled by the network.  
Observation 5:  The UEs could be distributed to the paging groups based on UE ID and the paging configuration signaled by the network.  
When initiating the UE assisted response driven paging procedure, the gNB may not know the location of the UEs at the beam level.  Therefore, the gNB should transmit the PI(s) during all times slots of the PO.    
Observation 6:  The gNB should transmit the PI(s) during all time slots of the PO.
The UE monitors the PI corresponding to its paging group during the PO.  Whether the UE monitors all the time slots in a PO or a subset of the timeslots in the PO can be left to UE implementation.  When paged, the UE reports paging assistance information to the gNB.  The paging assistance information could explicitly indicate which beam the UE could receive or this could be indicated implicitly by transmitting the paging assistance information using an UL resource associated with the time slot of the PO that was used for transmission of the PI received by the UE.  
Observation 7:  Whether the UE monitors all the time slots in a PO or a subset of the timeslots in the PO can be left to UE implementation.
Observation 8:  The paging assistance information could explicitly indicate which beam the UE could receive or this could be indicated implicitly by transmitting the paging assistance information using an UL resource associated with the time slot of the PO that was used for transmission of the PI received by the UE. 
The gNB uses the paging assistance information to determine which DL beam to use for transmission of the paging message.  If the paging assistance information includes the identity of the UE, the gNB could construct a separate paging message for each beam such that the paging record list included in the paging message transmitted on a given beam only includes identities of the UEs that can receive the beam.
Proposal 1:  A UE assisted response driven paging procedure should be supported for NR.
Conclusion
In this contribution, we discuss UE assisted paging in HF-NR systems using beam sweeping and make the following observations and proposals:
Observation 1:  In LTE, during the PO the UE performs the following two actions:
1) The UE monitors the PDCCH for DL control information (DCI) masked with the P-RNTI.
2) Upon detection of the P-RNTI during the PO, the UE looks for its identity in the paging record.
Observation 2:  In LTE, upon being paged, the UE initiates an RRC connection only after confirming its identity is contained in the paging record.
Observation 3:  Repeating the transmission of the paging message during all time slots of the PO is inefficient since a large number of radio resources are consumed for transmission of the paging message using beams that can’t be received by the UE.
Observation 4:  When the UE receives an indication during its PO that one or more UEs have been paged, the UE could provide feedback to assist the gNB in determining the beam(s) to use for transmission of the paging message. 
Observation 5:  The UEs could be distributed to the paging groups based on UE ID and the paging configuration signaled by the network.  
Observation 6:  The gNB should transmit the PI(s) during all time slots of the PO.
Observation 7:  Whether the UE monitors all the time slots in a PO or a subset of the timeslots in the PO can be left to UE implementation.
Observation 8:  The paging assistance information could explicitly indicate which beam the UE could receive or this could be indicated implicitly by transmitting the paging assistance information using an UL resource associated with the time slot of the PO that was used for transmission of the PI received by the UE. 
Proposal 1:  A UE assisted response driven paging procedure should be supported for NR.
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