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Introduction
Following agreements related to paging have been taken in RAN2 so far:
Agreements
1: UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle. 
2: UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 
3: The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signalling.
4: The number of paging occasions in the DRX cycle is configurable and provided in system information.
5: If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.
6: RAN2 understanding is that paging can be transmitted at least using beam sweeping (content of paging may be a paging indicator or the paging message, FFS)
7: Paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enables transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision).
8: The number of time slots in a paging occasion is provided in system information.

Agreements:
1	Idle mode/inactive mode DRX cycle configuration in NR should take the default DRX cycle parameter in LTE as baseline.
2	The maximum idle/inactive mode DRX value in NR should be 2.56s.


Agreement:
1	From RAN2 understanding for paging in multi-beam operation TX beam sweeping can be performed in paging occasion. Paging transmission from each TX beam is not repeated for RX beam sweeping at UE.


In lower carrier frequencies (e.g. below 6 GHz), paging (as well as SS Block transmission) is expected to be transmitted by means of a single omnidirectional or sector beam transmission. In these conditions, the NR paging conditions are likely to be similar to those of LTE, thus the LTE paging mechanism can be used as a baseline for NR.
On higher carrier frequencies though, the efficiency of omnidirectional or sector beam transmission may not be good enough. Instead the concept of beam swept paging has been widely discussed, along with the side-effects from this type of transmission. 
In this contribution we discuss some issues related to paging in multi-beam operation.
Discussion
In low frequency bands, omnidirectional or wide-beam transmission will typically be used for paging delivery. 
In higher frequencies, sweeping of narrow beams may also be used for paging in the same way as is already agreed for transmission of SS Blocks.
In multi-beam operation, the gNB does not know the exact location of the UE within the cell, thus the paging message need to be transmitted in each beam in the beam sweep. As according to one of the RAN2 agreements, each Paging Occasion (PO) may consist of multiple time slots (number of time slots is provided in the system information) where each beam containing the paging message is transmitted within one time slot.
As to the RAN1 agreement, a beam sweep transmission will consist of an SS Block containing PSS/SSS/NR-PBCH information. Assuming the PSS/SSS/NR-PBCH information provided in each beam sweep transmission will only occupy a fraction of the carrier bandwidth, one can also assume that each beam will have capacity for transmission of other type of information, such as paging. Furthermore, if analog beamforming is used for the beam sweep, meaning that the gNB can only transmit in one beam direction at a time in the same cell, this capacity is likely to be wasted, unless it is utilized for transmission of other signals/data suitable for beam sweeping. Otherwise, this capacity may only be opportunistically utilized to transmit data to a UE which happens to have DL data pending and which happens to be located in the beam direction.
A paging solution in which the paging transmissions within a PO are placed in direct conjunction with the SS Block transmissions, i.e. by means of frequency multiplexing paging in the same OFDM symbols as the SS Block, is an efficient solution in terms of sweep duration and resource utilization. It is also favorable from other aspects, e.g. the UE would then be able to perform PSS/SSS synchronization, channel quality measurements and page monitoring in a single wake up period. However, frequency multiplexing of SS Blocks and paging transmissions also bring some restrictions on the size of the paging information, which most likely implies that only short paging messages transmitted on PDCCH is suitable for this type of transmission. The usage of short paging messages, a.k.a. DCI Paging messages, is further discussed in [1].
[bookmark: _Hlk494193186]An FDM solution also comes with the disadvantage that a narrow band capable UE cannot perform simultaneous SS Block and paging reception (assuming maximum bandwidth for a narrow band capable UE is the same as the bandwidth of the SS Block). For a narrow band capable UE, adjacent location of the SS Block and the paging transmission in time is therefore the preferred choice, whereas for a wide band capable UE, adjacent location of the SS Block and the paging transmission in frequency is more efficient, see Figure 1.
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Figure 1: SS Blocks and paging transmission in adjacently in frequency and time.

Whether to support both paging methods of time- and frequency multiplexed SSB/paging is still under discussion in RAN1.
[bookmark: _Hlk493584470]In multi-beam operation, narrow band capable UEs and wide band capable UEs have different prerequisites for reception of paging messages.

Despite the paging size restrictions that comes with the FDM solution, a paging solution in which the paging transmissions within a PO are placed in direct conjunction with SS Block transmissions is still favorable from several aspects, e.g. the UE would then be able to perform PSS/SSS synchronization, channel quality measurements and page monitoring in a single wake up period.
With a paging solution in which the paging transmission is collocated with the SS Block transmission, different paging transmissions, within a PO, could be configured for wide band and narrow band capable UEs.
For a wide band capable UE it would be a benefit to let the paging transmission within a PO coincide (i.e. frequency multiplexed) with the SS Block transmission, provided the paging information fits into a DCI Paging message [1], as it would increase the radio resource efficiency. But for a narrow band capable UE, due to its bandwidth limitation, it will not be able to receive a paging message which is frequency multiplexed with an SS Block transmission. Hence, for narrow band capable UEs the paging transmissions must not coincide with SS Block transmissions.
Different solutions can be anticipated, as for example:
· Specify different paging transmissions within a PO for narrow band and wide band capable UEs and ensure that the paging transmissions for narrow band capable UEs never coincides or overlaps with an SS Block transmission.
· Use the same paging transmission as the basis for both narrow band and wide band capable UEs. If the paging transmission within a PO coincides or overlaps with an SS Block transmission, then a rule is added so that the paging transmission for the narrow band capable UE is moved to the next of the subsequent symbols or slots in which no SS Block is transmitted.
Yet another alternative could be to only transmit SS Blocks and paging transmission adjacently in time - which of course will decrease the radio resource efficiency when the number of wide band capable UEs in the network is high.
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[bookmark: _Hlk493165034]Conclusion
In this paper we made the following observation:
Observation 1	In multi-beam operation, narrow band capable UEs and wide band capable UEs have different prerequisites for reception of paging messages.
Based on the observation we propose the following:
Proposal 1	Discuss whether different paging transmissions (within a PO) need to be configured for wide band and narrow band capable UEs when multi-beam operation is deployed.
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