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1	Introduction
The last RAN1#87 meeting agreed the following:
	Agreements:
· 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 a baseline NR paging concept is discussed for single-/multi-beam systems.
2	Discussion
LTE supports paging based on POs (Paging Occasion) which map to subframes in radio frames per the PCCH-Config. UEs will calculate the appropriate PO for them to receive paging based on an algorithm defined in [2] and will listen to PDCCH allocation into PDSCH with P-RNTI. Based on the configuration, LTE cell can support up to 4 POs per radio frame with 16 paging records per Paging message in one PO resulting to 16 (maxPagingRecords/PO) * 4 (PO/RF) * 100 (RF/s) = 6400 paging records/s. However, this may not be practical with multi-beam cells as evaluated in [3] which shows the paging overhead increases rapidly when the number of beams in the cell increases as the same paging message is required to be sent to each beam direction separately.
Thus, using the PDCCH scheduled PDSCH transmission for paging in a multi-beam NR system may not be practical but requires beam sweeping similarly to synchronization signals/broadcast channel. Nevertheless, with sector-beam NR cells the PDCCH scheduled PDSCH transmitted paging message brings the biggest flexibility to be achievable. Hence, NR should support two types of paging mechanisms in the L1 one targeting for sector-beam systems (PDSCH transmitted paging) and one for multi-beam systems (beam sweeping).
Proposal #1: In case cells/TRPs are applying sector beams, it should be possible to exploit scheduled paging through PDCCH and transmitted within PDSCH.
As discussed in the previous RAN1 meeting, the beam sweeping type of paging could be considered to be multiplexed within SS-blocks or support a separate sweep dedicatedly for paging. The multiplexing possibility with SS-blocks may depend on the supportable system bandwidth whether it could be done in TDM or FDM manner. Multiplexing in TDM manner with the SS-blocks could be problematic for several reasons since the SS-burst length could vary depending on the amount of UEs to be paged at any given time – consequently this would imply complexity in cell search and in configuring UEs for measurements as well as UE operation to do the actual measurements. Thus, separate beam sweeping for paging could work better in these scenarios.
Observation #1: TDM of paging with SS-blocks could bring many issues especially pertaining to UE measurements and their configuration as well as cell search.
When the system bandwidth increases, however, there could be free resources left in the frequency domain after the other SS-block content has been multiplexed. These resources cannot essentially be used for data as there is no place to schedule them. Hence, applying the unused FD resources for paging would be beneficial as it would save system resources since possibly no separate sweep for paging would be required (at least not that frequently). Furthermore, this would nicely distribute the paging load in time and consequently the generated UL access load. However, depending on the system bandwidth and required paging capabilities, there might still not be enough resources within SS-blocks which may require separate paging sweep even in case the FDM of paging with SS-blocks is possible.
Observation #2: FDM of Paging within SS-block could be supported if sufficient system bandwidth is available which could increase the spectral efficiency.
Proposal #2: NR should support sweeping type of paging method for efficient beam support. FDM within SS-block should be considered when sufficient amount of system bandwidth is available, separate sweep for Paging can be applied otherwise/additionally.
Is should be noted that no UEs may need to be paged during the certain POs or paging sweep occasions but the paging load can vary frequently. With PDCCH scheduled PDSCH transmitted paging this is not any problem as paging message does not need to be sent at all – the resources can be used for other transmissions. This should be generally valid also for sweep type of paging as notable amount of resources may be lost in vain if no UEs are to be paged during a certain sweep (naturally this applies for the separate paging sweep solution only, or the TDM multiplexing with SS-blocks). The NW should be able to utilize these resources for any DL or UL data transmission.
Observation #3: Sweep block for Paging may not be required if no UEs are to be paged within the cell.
Proposal #3: Sweep block subframes for Paging shall be able to be scheduled as DL or UL subframes when Paging sweep is not required.
In principle, the supported paging message content size shall at least be able to support the page of one UE. Considering the LTE baseline, S-TMSI is mostly used as UE ID for paging which is 40 bits long ID; also the ID used to page UEs from RRC_INACTIVE state is expected to be in the extend of 40 bits long. However, LTE supports also IMSI based paging (e.g., during error or emergency scenarios) which is expected to be requirement also for NR – according to [4], this ID can be up to 84 bits long.
Furthermore, paging message may be used to convey UEs for other information on top of DL data notification, like system information change notification, warning system notifications, etc. Thus, to support also future extensions, some premium on top of the IMSI length is required to come up with a bare minimum Paging message content size. RAN2 should be consulted about the desired paging message size as well as amount of UEs that needs to be able to be paged within certain time period but for initial evaluations a minimum Paging message size of 100 bits could be utilized.
Observation #4: Generally, Paging message of size 100 bits could be considered as minimum payload size
Proposal #4: Send an LS to RAN2 to ask absolute minimum size for Paging message and the amount of UEs that need to be able to be paged within a certain time period.

3	Conclusion
In this contribution, we discussed the aspects related to Paging message delivery in NR. Based on the discussion we  felt that it would be beneficial for the NR to support two means of paging, LTE-like scheduling based paging, and a separate sweep block type of operation for cases when system is heavily relying on strongly directive beams to meet the coverage target for example. In detail we made following observations and proposals:
Proposal #1: In case cells/TRPs are applying sector beams, it should be possible to exploit scheduled paging through PDCCH and transmitted within PDSCH.
Observation #1: TDM of paging with SS-blocks could bring many issues especially pertaining to UE measurements and their configuration as well as cell search.
Observation #2: FDM of Paging within SS-block could be supported if sufficient system bandwidth is available which could increase the spectral efficiency.
Proposal #3: NR should support sweeping type of paging method for efficient beam support. FDM within SS-block should be considered when sufficient amount of system bandwidth is available, separate sweep for Paging can be applied otherwise/additionally.
Observation #3: Sweep block for Paging may not be required if no UEs are to be paged within the cell.
Proposal #3: Sweep block subframes for Paging shall be able to be scheduled as DL or UL subframes when Paging sweep is not required.
Furthermore when considering the possible paging payload size we made following observation and proposal:
Observation #4: Generally, Paging message of size 100 bits could be considered as minimum payload size
Proposal #4: Send an LS to RAN2 to ask absolute minimum size for Paging message and the amount of UEs that need to be able to be paged within a certain time period.
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