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[bookmark: _Ref178064866]In RAN1 #87 meeting, the following agreements regarding paging in NR were made.
	Agreements:
For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:
o    Alt-1: Multiplexing paging with SS blocks
§  FFS: Details of paging 
o    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 
o    Other alternatives are not precluded
o    Companies report their assumption for paging



In this contribution, we discuss the paging mechanism.
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Requirements of paging design
Paging in LTE
The paging in LTE can be summarized as follows.
	PF is determined by: SFN mod T = (T div N)*(UE_ID mod N)
· T: DRX Cycle of the UE
· nB: Total number of POs in a DRX cycle
· N: Number of PFs in a DRX cycle = min (T,nB)
· UE ID: IMSI mod 1024
Then PO is determined by: i_s = floor (UE_ID/N) mod Ns
· Ns: Number of POs in a PF = max (1, nB/T)
· Mapping from i_s to subframe index in PF is pre-defined for each Ns value



Here are some design principles of paging in LTE:
· UEs are distributed across PFs and several POs in a PF, based on UE ID. 
· Several UEs can be mapped to same PO.
· Most to-be-paged UEs should receive paging message on monitored PO. A UE may not receive paging message due to Tx/Rx timing misalignment or insufficient paging capacity. In this case, the UE can monitor PO in next paging cycle.
Supporting beam-swept paging in HF-NR
When beamforming is involved, sweeping on multiple beams is performed to compensate the reduced coverage of a beam-formed system, meaning that the paging message should be repeated on different beams. However, transmitting paging message on different beams may occupy resources across multiple subframes, and UE power consumption increases since it has to monitor multiple subframes.
To support beams sweeping for paging, DL overhead seems unavoidable. For UE monitoring behaviour, we see some options (some also discussed in RAN1#87).
Option 1: Beam swept paging message transmission in multiple POs of a PF
To solve the coverage problem, an intuitive method is transmit the paging message using different Tx beams by switching TX beam in each subframe, as shown in Figure 2.


Figure 1.	Tx beam sweeping for paging using multiple POs in a PF
The major drawback of this method is significant overhead introduced by the repetition of paging messages on multiple subframes of a PF. Also, if the gNB uses many Tx beams, one PF may not be able to support multiple POs for different groups of UEs (e.g., UEs configured with different i_s in LTE), unless we modify the frame structure.
Option 2: UE determines suitable TX beam before PO (Pre-sweeping)
With this option, a beam sweeping duration is introduced before PO. The UE determines suitable Tx beams based on the beam-swept signal (e.g. PSS/SSS/BCH or DCI) [2] [3] within the duration. With this mechanism, UE can save power since it now monitors only a single beam learned in the “pre-sweeping” stage. However, the gNB still needs to repeat the same paging message for each Tx beam since it does not know which Tx beam is monitored by the UEs.


Figure 2.	Tx beam sweeping for paging across multiple subframes
Notice that in the pre-sweeping subframe, not all symbols can be used for pre-sweeping. This depends on RAN1 design.
Option 3: Response-based paging
This method was proposed in [4]. While gNB needs not to repeat paging messages on different beams, UE power consumption and overhead in the uplink are potential concerns. Also, this method is quite different from that in LTE, meaning significant modifications of specifications.
Since beam-forming and sweeping are involved, the detailed method to support beam-swept paging is dependent on RAN1 design.
Observation 1:	The detailed methods to support beam-swept paging depend on RAN1 design.
Proposed method
Design principles for paging in HF-NR
Although there are many RAN1-dependent details, we can still provide some design principles for paging in HF-NR, from RAN2 perspective.
· Similar to LTE, we should distribute UEs on PFs and POs based on UE ID. Although a paging message may have higher capacity (able to carry paging records of more UEs) due to larger bandwidth in NR, asking a UE to decode a large paging message means higher power consumption. Therefore, similar to LTE, we should distribute UEs on PFs and POs based on UE ID.
· The gNB transmits paging message on different Tx beams in a time-division manner, i.e., performs beam-sweeping for paging message. In this way, a UE may monitor only the part of PO using a specific Tx beam, if it knows in advance the most suitable beam, via e.g. pre-sweeping.
· The PF and PO arrangements should allow enough paging capacity even when paging message is repeated on different beams, so that most to-be-paged UEs should receive corresponding paging message in a monitored PO, regardless of a UE’s most suitable beam.
Proposal 1:	For paging in NR, distribute UEs on PFs and POs based on UE ID.
Proposal 2:	The gNB transmits paging message on different Tx beams in a time-division manner.
Proposal 3:	Most to-be-paged UEs should receive corresponding paging message in a monitored PO, regardless of a UE’s most suitable beam.
Overhead reduction
Transmission of beam-swept paging message for a group of UEs consumes large amount of radio resources. The overhead due to repeated paging records can be significantly reduced if the network knows (or at least can guess) the cell the UE is camping on and the most suitable Tx beam for the UE, and transmit the paging record only on the “correct” beam for each UE. Such information can be passed to the network when UE performs paging area (RAN based notification area or tracking area) updates. Then instead of transmitting the paging message on all beams of all cells in the paging area, a “smart paging” is possible, i.e., page first in a beam, then in a cell, and then many cells.
Observation 2:	The network can obtain information about the cell a UE is camping on and the most suitable Tx beam when UE performs paging area updates.
Proposal 4:	To reduce overhead due to beam-swept paging message, smart paging should be supported, i.e., page first in a beam, then in a TRP, then in a cell, and then in a group of cells.
Conclusion
We have the following observation:
[bookmark: _GoBack]Observation 1:	The detailed methods to support beam-swept paging depend on RAN1 design.
Observation 2:	The network can obtain information about the cell a UE is camping on and the most suitable Tx beam when UE performs paging area updates.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	For paging in NR, distribute UEs on PFs and POs based on UE ID.
Proposal 2:	The gNB transmits paging message on different Tx beams in a time-division manner.
Proposal 3:	Most to-be-paged UEs should receive corresponding paging message in a monitored PO, regardless of a UE’s most suitable beam.
Proposal 4:	To reduce overhead due to beam-swept paging message, smart paging should be supported, i.e., page first in a beam, then in a TRP, then in a cell, and then in a group of cells.
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