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1 Introduction
During past RAN1 meetings [1]-[4], RAN1 discussed mechanisms to transmit a paging message and agreed to adopt downlink control information (DCI) based dynamic scheduling of the paging message. Furthermore, RAN1 identified down-selection options for the NR paging procedure to address the beam sweeping overhead, and sent LS to RAN2 on whether paging DCI and paging message can be in the same or different Paging Occasions (POs) [5].
Agreements for RAN1#88 [1]:
· 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 

Agreements from RAN1#88bis [2]:
· The search space of NR-PDCCH addressing the paging message can be configured by gNB

· FFS detailed signaling mechanisms
· FFS whether or not search space is shared for other usages
Agreements from RAN1#90 [3]:

· Paging mechanism should be decided for Rel-15, where the issue of beam sweeping overhead for paging transmission should be considered, especially for high frequency band with up to 64 SS-block beams
· E.g., paging occasion design with beam sweeping

· E.g., techniques to reducing the paging sweeping beams 
Agreements for NR Ad-Hoc#3 [4]:

· For paging, RAN1 to down-select from the following options

· Option 1: Paging DCI followed by Paging Message

· Note: These do not imply that they are consecutive

· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message

· Option 3: Paging group indicator and Paging DCI followed by Paging Message

· Option 4: Paging DCI indicates use of Option 1 or 2. 

In this document, we present our views on the down-selection options, and discuss new definition for a paging occasion to support both single-beam and multi-beam based operation and configuration of time and frequency resources for paging occasions.
2 Paging procedure in NR
Group based paging indication followed by UE beam reporting, RACH procedure, and/or UE’s RRC connection establishment procedure may reduce the overhead of the first message during the paging procedure. However, the subsequent transmission of preambles and/or RRC messages and reception of response messages by the group of UEs which received group based paging indication may cause more system overhead during the entire paging procedure and would increase UE power consumption. 

Thus, NR should adopt a simple paging procedure of transmitting paging DCI and a paging message based on the paging DCI. If a large number of UEs need to be paged in a cell with a smaller carrier bandwidth, gNB may adopt a wider beam set with a smaller number of beams. That is, this is a design trade-off between coverage and capacity. Furthermore, it is expected that gNB or a transmission point (TP) may have more than one antenna panel and operate with more than one beam at a time. In this case, gNB can reduce paging overhead by transmitting a PDCCH for paging DCI and/or a PDSCH for a paging message with multiple Tx beams on a given time and frequency resource(s). UE may not assume spatial quasi-co-location between the PDCCH for paging DCI and the corresponding PDSCH for the paging message, and/or may not assume spatial quasi-co-location between a search space for paging DCI and any SS block.  

Observation 1: Group based paging indication may cause more system overhead during the entire paging procedure and would increase UE power consumption.
Proposal 1: NR should adopt a simple paging procedure of transmitting paging DCI and a paging message based on the paging DCI.
Proposal 2: UE shall not assume spatial quasi-co-location between a CORESET (or a search space) for paging DCI and any SS block.
3 Resource configuration for paging
In NR, a paging occasion may consist of a set of control resource set (CORESETs) or a set of search spaces corresponding to a full gNB beam sweep. Similar to LTE, UE may compute its own paging frame and paging occasion within the paging frame based on its UE ID and a DRX cycle length. 
One approach to configure resources for a paging occasion is that UE determines at least one CORESET (or search space) of a set of CORESETs (or search spaces) for its own paging occasion, based on the information on at least one CORESET of a set of CORESETs configured for the remaining minimum system information (RMSI) and signalled time and frequency offset with respect to the CORESET for the RMSI. The CORESET for the RMSI is indicated in MIB, and the time and frequency offset can be signalled in the RMSI. The time and frequency distance/offset may be defined between any pair of spatially quasi-co-located CORESETs, one for the RMSI and the other for the paging occasion (i.e. an antenna port of one CORESET for the RMSI is spatially quasi-co-located with an antenna port of one CORESET for paging). This paging resource configuration method allows flexible radio resource allocation for paging occasions with very limited signalling overhead in the RMSI, by reusing signaling in the MIB to configure CORESET for the RMSI. 

Proposal 3: In NR, a paging occasion consists of a set of CORESETs or a set of search spaces corresponding to a full gNB beam sweep.  

Proposal 4: NR supports signalling of time and frequency offset with respect to CORESET(s) for the RMSI to configure CORESET(s) for paging DCI.

gNB may configure CORESETs for paging DCI same as, as a super-set, or as a sub-set of CORESET(s) for DCI scheduling RMSI messages, depending on the required paging capacity. For example, the monitoring periodicity of the paging DCI/PDCCH or paging search space may be different than (e.g., an integer multiple or sub-integer (1/k, k=integer) multiple of of) the periodicity of the CORESET. For some cases, a set of CORESETs for paging DCI, i.e. paging occasion, may need to be configured with shorter periodicity than a set of CORESETs for DCI scheduling RMSI messages, in order to accommodate paging capacity similar to LTE (i.e. 6400 paged UEs per second). 
Figure 1 illustrates that gNB configures 4 Paging Occasions (POs) in a paging radio frame, wherein 2 POs are time and frequency multiplexed with SS/PBCH blocks. In addition, one PO is used for both paging and RMSI delivery. Note that resource elements (REs) within CORESETs which are not used for PDCCH transmission can be used for transmission of other channels or signals, e.g. PDSCH via dynamic scheduling and indication.
Finally, NR paging DCI should be able to schedule a PDSCH for a paging message with one or multiple subframe(s) or slot(s) delay between a PDCCH for paging DCI and the PDSCH for the paging message. For example, in Figure 1, a PDSCH which is transmitted with gNB Tx beam 1 and carries a paging message for paging occasion 1 is frequency-domain multiplexed with one CORESET for paging occasion 3, which is associated with gNB Tx beam 1, within the same OFDM symbols with 5ms transmission delay. Since analog beamforming or analog-digital hybrid beamforming at gNB may limit flexible frequency-domain multiplexing of multiple channels/signals transmitted with different beams, multiplexing of a paging PDSCH with one CORESET of the corresponding paging occasion or other paging occasions within one or more OFDM symbol(s) may be beneficial for efficient packing of beam sweep channels. 
Proposal 5: Support scheduling of a paging message with one or multiple subframe delay between a PDCCH carrying paging DCI and a PDSCH carrying the paging message.
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Figure 1 Example configuration of 4 Paging Occasions in a Paging Frame

4 Conclusion
In summary, we propose the followings for NR paging design:

· Observation 1: Group based paging indication may cause more system overhead during the entire paging procedure and would increase UE power consumption.

· Proposal 1: NR should adopt a simple paging procedure of transmitting paging DCI and a paging message based on the paging DCI.
· Proposal 2: UE shall not assume spatial quasi-co-location between a CORESET (or a search space) for paging DCI and any SS block.
· Proposal 3: In NR, a paging occasion consists of a set of CORESETs or a set of search spaces corresponding to a full gNB beam sweep.  

· Proposal 4: NR supports signalling of time and frequency offset with respect to CORESET(s) for the RMSI to configure CORESET(s) for paging DCI.

· Proposal 5: Support scheduling of a paging message with one or multiple subframe delay between a PDCCH carrying paging DCI and a PDSCH carrying the paging message.
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