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1      Introduction

Paging reception is one of main features for the idle mode UE. In this contribution, we would like to discuss the paging reception where directional beam is used (e.g. > 6GHz) and where it is not used in NR. 
2      Discussion
LTE Paging reception
Considering the idle mode UE power efficiency is important, the paging should be monitored in the power efficient manner also. Discontinuous reception for paging for the idle mode is specified in [1]. In general the UE follows the following high-level steps. 
· Step1: selection of the frame
· Step2: selection of the subframe within the selected frame

· Step3: attempting to receive paging message in the subframe

· Step4: sleep during the paging DRX cycle

Selection of the frame takes paging DRX cycle length and UE id into account and selection of the subframe considers UE id and the number of paging subframes within a frame as follow. For paging cycle, default paging DRX cycle or UE specific DRX cycle is applied. 
PF is given by following equation:

SFN mod T= (T div N)*(UE_ID mod N), where T is DRX cycle of the UE and  N is min (T, nB)
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
Once the paging frame and subframe are selected, the UE will attempt to receive paging message in that timing with discontinuous manner (i.e. with paging DRX cycle). 
NR Paging reception where directional narrow beam is used: 
The most remarkable difference between LTE paging and NR paging would be multi-beam operation which especially required for high frequency band, e.g. > 6GHz. In principle in single-beam operation for example < 6GHz, the high-level steps explained in the above can be inherited from LTE. So let’s focus on multi-beam operations here. 
RAN1 has not made much progress on the structure for paging transmission to cover various scenarios (according to different frequency ranges, single/multi-beam operations). We assume in multi-beam operation it would be same or similar to that of DL PSS/SSS and PBCH, which was agreed at RAN1#86bis [2]. Note it is very aligned with the agreements made at RAN1#87 [3]. The paging may be sent either with PSS/SSS and PBCH in the same SS block or in the separate block, burst and burst series. Below is the RAN1 agreement so far: 
RAN1 agreement made at RAN1#86bis:  

· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’

· FFS: details how to compose PSS, SSS and/or PBCH

· Multiplexing other signals are not precluded within a ‘SS block’

· One or multiple ‘SS block(s)’ compose an ‘SS burst’

· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)

· FFS: whether or not ‘SS block(s)’ are consecutive

· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same

· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’

· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set

· Number of SS bursts within a SS burst set is finite.

· FFS: Transmission instances of ‘SS burst set’ 

· E.g., periodic/aperiodic transmission of SS burst sets.

RAN1 agreement made at RAN1#87:
· 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
Figure1 shows the example of how to transmit NR PSS, SSS and PBCH with narrow beams, e.g. > 6 GHz [4].
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Figure1. Example of transmission of synchronization signal with narrow beams, e.g. > 6GHz.
With the structure of paging transmission, we think the following observations can be made. 
· Observation1: paging DRX cycle is equivalent to an integer N multiple of the period of the burst series of paging transmission

· Observation2: monitoring of paging reception starts from the subframe and slot that the burst series starts. 

With the Observation1 in addition to the configuration of the burst and the burst series, the paging DRX cycle can be configured by N (an integer N multiple of the period of the transmission burst series). With the Observation2, we need to make a rule to determine from which burst series the UE should monitor paging reception. In order to distribute paging loads in time domain, we think the UE id is still be used in that determination. For example within the N number of the burst series, the UE starts monitoring of paging reception from the burst series that meets “(UE id Mod N) = 0”. Depending on the user subscription or use case that the UE is interested, the UE may have shorter or longer paging DRX cycle compared to the default paging DRX cycle. So like LTE, we think we should consider UE specific paging DRX cycle in NR also. 
For paging reception in the case of directional narrow beam operation: 
[Proposal1a]: In order to receive paging in the case of directional narrow beam operation, the UE monitors for paging reception during paging bursts within one paging transmission burst series (i.e. a "paging occasion" corresponds to paging bursts within one paging burst series compared to a single subframe in the case of single beam transmission).
[Proposal2]: A paging DRX cycle is configured by an integer N multiple of the period of the burst series of paging transmission. 
[Proposal3]: UE id is still used to distribute paging load in time domain. 

[Proposal4a]: The UE monitors for paging reception during the burst series where the start of the burst series that meets “(UE id Mod N) = 0”

[Proposal5]: A UE sleeps during the paging DRX cycle once the paging reception is attempted in one burst series

[Proposal6]: In addition to default paging DRX cycle, UE specific DRX cycle is also taken into account.
NR Paging reception where directional narrow beam is not used:
Figure2 shows the example of how to transmit NR PSS, SSS and PBCH with omni or quasi-omni beams [4]. 
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Figure2. Example of transmission of synchronization signal with omni beam
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Figure3. Example of transmission of synchronization signal with quasi-omni beams
With the structure of paging transmission, we think the above proposal2, proposal3, proposal5 and proposal6 are still applied, which is beneficial to have common frame as much as possible. However regarding the above proposal1 and proposal5, we can take paging reception in more UE power efficient manner and radio resource management into account in the cases. For the case of omni beam, it should be sufficient for the UE to monitor single SS block within a SS burst series. In addition, it would be also desirable to distribute the UEs within SS burst series for more load balancing in time domain. For the case of quasi-omni beam, it should be sufficient for the UE to monitor single SS block for each SS burst within a SS burst series. In addition, it would be also desirable to distribute the UEs within SS burst for more load balancing in time domain. 
For paging reception in the case of omni beam operation:
[Proposal1b]: In order to receive paging in the case of omni beam operation, in addition to the proposal2, proposal3, proposal5 and proposal6, the UE monitors for paging reception from single SS block within one paging transmission burst series (i.e. a “paging occasion” corresponds to single SS block within one paging burst series). 

[Proposal4b]: In order to receive paging in the case of omni beam operation, in addition to the proposal4a, the UE monitors for paging reception from the SS block that meets “(UE id Mod M) = 0”, where M is the number of SS blocks within the SS bursts series. 
For paging reception in the case of quasi-omni beam operation:
[Proposal1c]: In order to receive paging in the case of quasi-omni beam operation, in addition to the proposal2, proposal3, proposal5 and proposal6, the UE monitors for paging reception from single SS block for each SS burst within one paging transmission burst series (i.e. a “paging occasion” corresponds to single SS block for each SS burst within one paging burst series).
[Proposal4c]: In order to receive paging in the case of quasi-omni beam operation, in addition to the proposal4a, the UE monitors for paging reception from the SS block that meets “(UE id Mod K) = 0”, where K is the number of SS blocks within the SS bursts. 
3      Conclusions

We saw how LTE paging is done and what should be taken into account for NR discontinuous paging reception. As a result, we made the following proposals. 

[Proposal1a]: In order to receive paging in the case of directional narrow beam operation, the UE monitors for paging reception during paging bursts within one paging transmission burst series (i.e. a "paging occasion" corresponds to paging bursts within one paging burst series compared to a single subframe in the case of single beam transmission).
[Proposal2]: A paging DRX cycle is configured by an integer N multiple of the period of the burst series of paging transmission. 

[Proposal3]: UE id is still used to distribute paging load in time domain. 

[Proposal4a]: The UE monitors for paging reception during the burst series where the start of the burst series that meets “(UE id Mod N) = 0”

[Proposal5]: A UE sleeps during the paging DRX cycle once the paging reception is attempted in one burst series

[Proposal6]: In addition to default paging DRX cycle, UE specific DRX cycle is also taken into account.
[Proposal1b]: In order to receive paging in the case of omni beam operation, in addition to the proposal2, proposal3, proposal5 and proposal6, the UE monitors for paging reception from single SS block within one paging transmission burst series (i.e. a “paging occasion” corresponds to single SS block within one paging burst series). 

[Proposal4b]: In order to receive paging in the case of omni beam operation, in addition to the proposal4a, the UE monitors for paging reception from the SS block that meets “(UE id Mod M) = 0”, where M is the number of SS blocks within the SS bursts series. 

[Proposal1c]: In order to receive paging in the case of quasi-omni beam operation, in addition to the proposal2, proposal3, proposal5 and proposal6, the UE monitors for paging reception from single SS block for each SS burst within one paging transmission burst series (i.e. a “paging occasion” corresponds to single SS block for each SS burst within one paging burst series).

[Proposal4c]: In order to receive paging in the case of quasi-omni beam operation, in addition to the proposal4a, the UE monitors for paging reception from the SS block that meets “(UE id Mod K) = 0”, where K is the number of SS blocks within the SS bursts. 
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