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In multi-beam scenarios, broadcast is inherently capacity-constrained due to the need for beam sweeping. Paging inherently relies on broadcast since the best beam for idle-state or RRC-inactive UEs is not known. 
In the last meeting, the following agreement was met [1]:
· 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, we discuss considerations for the multi-beam paging design.
Discussion
The multi-beam paging design has to include considerations related to resource demand and latency. To decide between Alt-1 and Alt-2, the factors of paging resource demand and latency have to be set into perspective to the available SS-block capacity and SS-block transmission intervals. 
The SS-block is used by RRC-connected UEs for purposes of synchronization, beam selection and handover. The SS-block interval time needs to be set sufficiently small to guarantee sufficient performance for these procedures. 
Observation 1: The interval time of SS-block transmissions needs to be sufficiently small to guarantee sufficient performance for RRC-connected UEs.
In contrast, paging addresses RRC-idle and RRC-inactive UEs, and its latency bound is driven by upper layer service-level requirements, which are typically less stringent. For this reason, the paging interval time can be typically set larger than the SS-block interval time.
Observation 2: Paging broadcast addresses idle-state and RRC-inactive UEs, and the interval time can typically be larger than that of SS-block transmission. 
From observations 1 and 2, one can conclude that SS-block and paging have different performance/resource tradeoffs. Consequently, NR should allow independent settings of these tradeoffs for SS-block and paging broadcast. For this purpose, a separate beams-swept broadcast channel should be introduced for paging. The transmission interval for the paging broadcast channel should be configurable. 


Figure 1: Steps for combined broadcast/unicast paging

Proposal 1: NR should allow SS-block and paging broadcast to use different tradeoff between transmission interval and resource size.
Another aspect of the paging design is the capacity demand for paging broadcasts. This capacity demand depends on various factors such as the number of paging records per time interval and the size of each record.  For LTE, for instance, the size of a paging record list can reach values between 640bits and 1024bits [2]. For NR, the paging design should be future-compliant demanding flexibility in the size of paging record lists. Such flexibility is in conflict with the small and fixed capacity size of a beam-swept physical broadcast channel.
Observation 3: The need for large and future-compliant paging demand is in conflict with the small and fixed capacity of a beam-swept physical broadcast channel.
To support flexible and future-compliant paging demand with a capacity-constraint physical broadcast channel, NR should consider a paging procedure that combines broadcast and unicast delivery. 
Proposal 2: NR should consider a paging procedure that combines broadcast and unicast delivery to support flexible and future-compliant paging demand.
Such combined broadcast/unicast paging procedure could apply the following steps (Figure 1):
Step 1: Broadcast of reduced paging information. This alerts an extended set of UEs, i.e. also UEs without pending paging message.
Step 2: Alerted UEs perform random access in response to broadcast page.
Step 3: Detailed paging information is delivered to these UEs via unicast.
Such a procedure trades-off broadcast resource demand for an extended amount of unicast resource demand. False alerting of UEs further increases UE-based resource demand. The combined broadcast/unicast paging delivery mechanism should allow optimization of this tradeoff. 
Proposal 3: For a combined broadcast/unicast paging procedure, NR should consider mechanisms to optimize the tradeoff between broadcast, unicast and UE-based resource demand.
Such tradeoff optimization relies on the definition of an appropriate mechanism to reduce broadcast paging information. For the design of such mechanism, RAN-1 should consider an LS to RAN-2.
[bookmark: _GoBack]Proposal 4: RAN-1 should consider an LS to RAN-2 to define a mechanism that allows reducing broadcast paging information so as to appropriately optimizing the tradeoff between broadcast, unicast and UE-based resource demand.
Conclusion
[bookmark: _Ref442441852][bookmark: _Ref441562466]NR should consider the following aspects for multi-beam paging design:
Observation 1: The interval time of SS-block transmissions needs to be sufficiently small to guarantee sufficient performance for RRC-connected UEs.
Observations 2: Paging broadcast addresses idle-state and RRC-inactive UEs, and the interval time can typically be larger than that of SS-block transmission. 
Proposal 1: NR should allow SS-block and paging broadcast to use different tradeoff between transmission interval and resource size.
Observation 3: The need for large and future-compliant paging demand is in conflict with the small and fixed capacity of a beam-swept physical broadcast channel.
Proposal 2: NR should consider a paging procedure that combines broadcast and unicast delivery to support flexible and future-compliant paging demand.
Proposal 3: For a combined broadcast/unicast paging procedure, NR should consider mechanisms to optimize the tradeoff between broadcast, unicast and UE-based resource demand.
Proposal 4: RAN-1 should consider an LS to RAN-2 to define a mechanism that allows reducing broadcast paging information so as to appropriately optimizing the tradeoff between broadcast, unicast and UE-based resource demand.
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