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Introduction
In RAN2 Ad hoc meeting, agreements about paging were made:
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.
In this agreement, RAN2 understands that paging can be transmitted at least using beam sweeping, but the content of paging whether is paging indicator or paging message is FFS. This paper discusses the content of paging.
Discussion
The aim of using PI for paging in beam sweeping is to reduce the signaling overhead. The PI is transmitted in each beam. It is obvious that, if the number of PI is large, the UEs can be divided into more groups, and the number of UE in each group can be small which makes it more precise to locate the target UE. Hence it reduces the number of unnecessary responses from unintended UEs.  However, the size of the PI, which is transmitted in each beam would be large too. Therefore the benefit for reduction of overhead is not so obvious. 
If the number of PI is small, the UEs can be divided into less groups, and the number of UEs in each group is large which make it is difficult to locate the target UE accurately.  Though the size of the PI transmitted in each beam is small, but the responded UEs group is very large which would lead more impact on unintended UEs such as power consumption and access collision, therefore the benefit of providing small PI group is not so obvious either. It is difficult to trade-off between the size of PI and the impact on the unintended UEs.
Observation1:  It is difficult to trade-off between the size of PI and the impact on the unintended UEs.
According to the papers from other companies [1][2][3], the mechanism using PI can be divided into two alternatives:
Alt1: gNB broadcasts paging message to the beams which have UE responses.
gNB broadcasts PI in each beam on PO, UE which matches the PI sends an indication to respond the PI, for example the response of PI may be a specific preamble common for all UEs which is broadcasted in system information, and then gNB sends paging message in the beams which have UE responses or sends the paging message to the UEs who responded to the PI. All the responded UEs receive the paging message and check the UE ID, the matching UE will continue the RRC connection procedure. i.e. the UE ID matching work is performed by UE.[1][2][3]
Alt2:  gNB sends paging message to the paged UE targeted by matching the UE ID sent by responded UEs.
gNB broadcasts PI in each beam on PO, UE which matches the PI sends a message including UE ID, in order to send this message, generally need performing random access procedure, the gNB selects the UE of which the UE ID matching one of the UE IDs in paging message, then continues to complete the procedure of RRC connection for target UE. i.e. the UE ID matching work is performed by gNB.[2][3]
This paper will analyze the two Alternatives of using PI and paging using paging message in the aspects of overhead of downlink and uplink, the power consumption, reliable, delay and the complexity of the specification work.
Table1. Comparison of PI and paging message solutions
	
	Alt1 of PI based paging
	Alt2 of PI based paging
	Paging message

	Overhead of UL
	All UEs which match PI will respond 
	(msg1+msg3 including UE_ID)  per UE which matches the PI
	only the target UE no additional overhead

	Overhead of DL
	PI(per beam) + paging message(for the beam which have response or per UE which responded)
	PI(per beam)+msg2(per UE which send the PI response)+MSG4(the UE which matches the paging UE ID)/reject(per UE which is not matches the UE ID)
	Paging message (per beam)

	Power consumption(UE)
	Lead in more power consumption  to send response for PI
	Power consumption waste for unintended UE  in one PI group, times to the number of UEs in one PI group
	No additional  power consumption by unintended UEs

	Delay
	More delay lead by sending PI and responding to PI
	More delay lead by sending PI, responding to PI, and gNB matching the UE ID
	No additional delay due to intermediate steps

	Complexity
	Complex
	Complex
	Simple

	Reliable
	Unreliable (Observation 4)
	Unreliable (Observation 4)
	Reliable



Firstly for Alt1, because UEs are distributed uniformly in different beams, it is difficult to find the exact beam which the paged UE is in. There is no correlation for UE_ID and the location. The worst case is that, gNB sends the PI in every TX beams, and in each beam ,there are at least one UE matching the PI, so gNB will receive at least one response from each beam, so the gNB should send paging message in all beams which is same as using paging message for beam sweeping. In this case the overhead is not reduced compared with using paging message for beam sweeping. And it results in more overhead (PI and uplink overhead of PI response), more delay and more power consumption. If the PI overhead is less the overhead of paging message will be larger, and if overhead of paging message is small, PI overhead is large.  Overhead reduction may not be considered significant.  
Obvseration2: Alt1 that gNB broadcasts paging message to the beams which have UEs responses, has no significant reduction for DL overhead.
For Alt2, from the perspective of UE, the power consumption is increased. Any UE included in the PI group is paged, the other UEs belong to the PI group need to send msg1 and msg3 to respond the PI. The power consumption of one UE used for paging is the sum of power consumed by each paged UE for its paging in the same PI group of the gNB. It is unfair for all UEs, because there are some UEs paged frequently, but there are other UEs paged infrequently, but the power consumption of the UE for paging in the same group is equal. A worst case, one UE is never paged, but the other UE used for special work such as hotline, which is in the same group in the same gNB, is frequently paged, the never paged UE may consume all the power without doing anything. There is another problem, if collision occurs, the paging UE may be missed. So it is unreliable. And this approach leads in more delay due to increase collision.
Obvseration3: Alt2 that gNB sends paging message to the paged UE targeted by matching the UE ID sent by responded UEs, may lead to increased UE power consumption. 
Moreover, paging using PI will lead in more specification work for paging procedure. If this approach is adopted, there will be more work for PI design, specific preamble design and if the UE ID is included in Msg2 or Msg3, it will lead in more work for Msg2 and Msg3 design too, and more overhead of system information for broadcasting PI/specific preamble etc. Overall, paging using PI is complex compared with paging using paging message; it leads in more delay due to intermediate steps, more overhead for system information and more specification work.
Upon the reception of PI, the corresponding UEs send the response. Then the gNB uses the beam which receives the PI response to transmit the paging message. Even though this method may work for stationary UEs, it may not work reliably for UEs in high mobility. The UE may have moved to another beam by the time gNB transmits the paging message hence this may cause the UE to miss paging message. Another case, if the UE is in the boundary of one beam, the gNB may only send the message in the one beam, which may also result in paging message missing by the target UE. The above two situations make this approach unreliable. But the approach of paging sweeping using paging message doesn’t have this defect, when UE find that its UE ID is including in the paging message, UE will initiate the RRC connection procedure immediately. And the paging message is not transmitted only in one beam, so it is reliable for the UE to receive the paging message from more than one beam.
Obvseration4: Paging using PI is unreliable and more complex meanwhile it will lead in more delay, more overhead for system information and more specification work.
Comparing with paging using PI, paging using paging message is more reliable, and no additional delay, no additional power consumption, and it is simple. So there is no clear reason for use of PI for beam sweeping for paging. Paging message based method from LTE should be baseline for paging beam sweeping in NR.
Proposal 1: When gNB using beam sweeping for paging, the content of paging should be paging message. Paging using paging indicator should not be supported in NR.
Conclusion
In this contribution, we discuss the content of the paging in multi-beam and propose:
Observation1: It is difficult to trade-off between the size of PI and the impact on the unintended UEs.
Obvseration2: Alt1 that gNB broadcasts paging message to the beams which have UEs responses, has no significant reduction for DL overhead.
Obvseration3: Alt2 that gNB sends paging message to the paged UE targeted by matching the UE ID sent by responded UEs, may lead to increased UE power consumption.
Obvseration4: Paging using PI is unreliable and more complex meanwhile it will lead in more delay, more overhead for system information and more specification work.
Proposal 1: When gNB using beam sweeping for paging, the content of paging should be paging message. Paging using paging indicator should not be supported in NR.
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