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[bookmark: _Ref460855997]Introduction
The way forward of multi-beam paging in [1] was discussed in RAN1#87 meeting and it was agreed that
· [bookmark: OLE_LINK5]For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:
· Alt-1: Multiplexing paging with SS blocks
· FFS: Details of paging 
· Alt-2: Adding another round of beam sweeping for paging 
· Note: Another round of beam sweeping is different from the beam sweeping of SS burst set 
· Other alternatives are not precluded
· Companies report their assumption for paging
In this contribution, we propose the mechanism of paging in idle state for NR from RAN2 point of view.
Discussion
Paging Transmission
There are two alternatives for paging transmission, cell-level common channel or beam-level channel. 
· Cell-level common channel: It is expected that idle state mobility within a multi-TRP/beam cell is TRP/beam agnostic and UE in idle state needs to receive camping SI, e.g. information allowing receiving paging and associated DRX configuration, cell selection parameters, etc in [2]. It is unnecessary for UE to monitor and track TRP/beam when camping on the cell since it is power inefficient for UE to monitors and tracks each individual beam in idle state. Paging should be broadcasted on cell-level common channel.
· Beam-level channel: UE wakes up before the paging occasion, monitors the broadcast signals such as NR-PSS/SSS/BCH, perform RX beam sweeping and determine the best/suitable DL RX beam and DL TX beam in [3]. In addition, UE monitors using the determined DL RX beam, the subframe in PO corresponding to the determined DL TX beam. This approach is power inefficient and the new mechanism of paging occasion needs further study which could be complex.
Proposal 1: Paging is broadcasted on cell-level common channel.
In LTE, a UE in idle state or light connection state needs to monitor PDCCH/MPDCCH for paging. The radio resource for paging is scheduled dynamically as a common solution for all network deployments, such as ideal deployment, non-ideal deployment and no front-haul deployment. According to the evaluation of the downlink resource overhead resulting from transmitting the paging user identities (e.g., S-TMSI/IMSI) in a paging record list considering the impact of beam sweeping, the downlink resource overhead of paging increases for higher number of paged UEs and for higher number of beam directions in beam sweeping in [4]. The paging capacity could be extended by increasing the downlink bandwidth or by support of multi-carrier transmission of paging as per NB-IoT. In UMTS/TD-SCDMA, PCH and PICH are used for paging which is applicable especially for the non-ideal fronthaul deployment.  Comparing those two paging mechanisms, the resource utilization efficiency for the transmission of paging message is higher for LTE paging mechanism and the increase of downlink bandwidth for paging and the support of multi-carrier transmission of paging are feasible for both approaches.
Proposal 2: RAN2 discuss transmission scheme of paging.
· Option 1: Paging transmission scheme for LTE is reused as baseline.
· Option 2:  Paging transmission scheme for TD-SCDMA/UMTS is reused as baseline.
  
DRX and eDRX
In LTE, both of DRX and eDRX are used for paging to reduce power consumption. 
As per the calculation of PO, PF and PNB in [5], PF, PO, and PNB are determined by following formulae using the DRX parameters provided in System Information:
PF is given by following equation:
SFN mod T= (T div N)*(UE_ID mod N)
Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:
i_s = floor(UE_ID/N) mod Ns
If P-RNTI is monitored on MPDCCH, the PNB is determined by the following equation:
PNB = floor(UE_ID/(N*Ns)) mod Nn
PO, PF and PNB are used to distribute the paging in time domain and frequency domain and similar mechanism for paging can be reused as baseline. Furthermore, the transmission of paging in case of beam sweeping needs further study, such as paging occasion and DRX circle.
Proposal 3: DRX mechanism is reused for paging as baseline.
UE may be configured by upper layers with an extended DRX (eDRX) cycle TeDRX. The PH is the H-SFN satisfying the following equation:
H-SFN mod TeDRX,H= (UE_ID_H mod TeDRX,H)
PTW_start denotes the first radio frame of the PH that is part the PTW and has SFN satisfying the following equation:
SFN = 256* ieDRX
PTW_end is the last radio frame of the PTW and has SFN satisfying the following equation:
SFN = (PTW_start + L*100 - 1) mod 1024
Proposal 4: eDRX mechanism is reused for paging as baseline.
Paging Message
Since the paging message for UE in idle state is sent from NGC to gNB, it needs to be contained in RRC message as legacy. Although the RRC message will be delivered by each data unit, it has no impact on the RRC message itself. Since the transmission of IMSI on air interface might cause security issues, the UE IMSI should be transmitted in paging message only if neither RAN-paging ID nor NGC-paging ID(S-TMSI) is assigned to the UE.
Proposal 5a: Legacy paging message is reused for the UE in idle state.
Proposal 5b: “IMSI” or “S-TMSI” is used for UE in idle state as legacy.
Conclusion
This contribution discusses the paging mechanism for UE in idle/inactive state. Associated proposals are:
Proposal 1: Paging is broadcasted on cell-level common channel.
Proposal 2: RAN2 discuss transmission scheme of paging.
· Option 1: Paging transmission scheme for LTE is reused as baseline.
· Option 2:  Paging transmission scheme for TD-SCDMA/UMTS is reused as baseline.
Proposal 3: DRX mechanism is reused for paging as baseline.
Proposal 4: eDRX mechanism is reused for paging as baseline.
Proposal 5a: Legacy paging message is reused for the UE in idle state.
Proposal 5b: “IMSI” or “S-TMSI” is used for UE in idle state as legacy.
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