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1 Introduction

In RAN1 #88[1], RAN1 agreements were made on paging and carrier bandwidth for high frequency.
	· Support the paging channel design at least for RRC idle mode as follows:

· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH

· FFS: 

· Paging indication triggers UE beam reporting (if supported) 

· Opt-1: paging indication is in DCI

· Opt-2: paging indication is in non-scheduled physical channel


	· For carrier supporting initial access,

· For frequency range up to 6 GHz, minimum carrier bandwidth for NR can be either 5 or 10 MHz and is frequency band dependent

· For frequency range from 6 GHz to 52.6 GHz, minimum carrier bandwidth for NR can be either 40 or 80 MHz and is frequency band dependent

· RAN1 considers that RAN4 will determine mapping between frequency band and minimum carrier bandwidth value in consideration with above


A number of RAN2 agreements related to paging were made in the study item phase for NR.  Related to paging in high frequency, the following was agreed at the RAN2 January Ad-hoc meeting [2]:  
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)
In this contribution we discuss in more detail the topic of paging for high frequency operation in NR.
2 Impacts of Beamforming on the NR Paging Procedure
2.1 Paging Occasions
In LTE, the UE calculates the timing for paging reception based on Paging Frame (PF) and Paging Occasion (PO), which are unambiguously determined using cell level frame timing and sub-frame timing respectively.
Based on the  agreements from the study item phase, in the presence of beam sweeping, it may be possible to have different configurations for paging occasion.

Option:1 One paging occasion consists of multiple consecutive time slots sufficient to sweep all the DL TX beams associated with a cell. 
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Figure 1 Option:1 Complete beam sweep within one paging occasion
Option:2 One paging occasion consists of multiple time slots sufficient to sweep subset of DL TX beams. Multiple paging occasions may be required to sweep all DL TX beams. 
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Figure 2 Option:2 Complete beam sweep in multiple paging occasions
Depending on the number of beams in the system, Option 1 may not be able to accommodate all beams to be transmitted in consecutive timeslots.  Option 2 would allow the network to spread the beams across multiple occasions.  For both options, to optimize battery consumption, the UE should be able to select one or more suitable DL TX beams to receive the paging occasion based on beam measurements.  The exact selection criteria should be left up to UE implementation.   In Option 1 the UE can monitor the timeslot within the PO that contains the corresponding DL TX beam and in Option 2 the UE would have to determine the PO that contains the corresponding DL TX beam.  

Proposal 1:
To receive beamformed paging in NR, UE monitors the paging occasion or part of the paging occasion associated to a subset of DL TX beam(s). 

2.2 Paging Overhead in NR
In high frequency operations for NR, beamforming is needed to achieve reasonable transmission range for paging.  When a UE needs to be paged, the network may not know the best beam to use to page the UE, and so paging needs to be beamswept.  This consumes more radio resources and energy at the network compared to traditional omnidirectional paging since the paging message is repeated in different beams.  
A number of factors will affect the resource overhead and network energy when beamsweeping the paging message:

Paging Load: As the paging load in a cell increases, the cell needs to send the paging more often and the paging record may contain a larger number of UE IDs.  This increases the overhead and network energy both because the paging is sent more often, and because the size of the paging message repeated in every beam is larger.
Carrier Bandwidth: The carrier bandwidth affects the paging efficiency, measured as a percentage of total carrier resources utilized for paging.  NR is expected to use large carrier bandwidths of up to 100MHz or 200MHz.  In the study item phase, RAN1 agreed that a minimum carrier bandwidth of 40MHz or 80MHz is to be supported for operation above 6GHz [1].

Number of beams used for beamsweeping: Narrower beams to increase cell range results in having to beamsweep the signal using a larger number of beams.  This results in a larger resource network overhead and energy usage.  RAN1 is currently discussing using very narrow beams, which could require the use of as many as 128 or 256 beams to cover the cell area.  The number of beams will be a gNB implementation choice which will depend on operator deployment.
Number of antenna arrays:  A gNB may be implemented with a different number of antenna arrays (e.g. 1, 2, 4, or 8) to allow transmission of multiple beams simultaneously at the expense of an increase equipment cost.  Although resource overhead is reduced as the number of antenna arrays is increased, the network energy consumption will still be comparable to the case of beamsweeping with a single antenna array.  

Observation 1:
Resource overhead of beamsweeping increases with increase in number of beams, and decreases with the number of antenna arrays used by the gNB. 

As mentioned in TR 38.913 [3], network energy efficiency should be considered a basic principle in NR design.  It can be observed above that, unlike resource overhead, network energy efficiency cannot be reduced in beamsweeping operation by increasing the number of antenna arrays, since the gNB will still consume more energy to transmit multiple paging messages simultaneously.  
Observation 2:
Transmission of paging message using beamsweeping increases network energy consumption, regardless of the number of antenna arrays. 

As was observed during the NR study item phase, NR should perform at least as well or better than LTE in terms of paging efficiency.  Some papers during the study item phase compared the paging efficiency of NR and LTE if beamsweeping is assumed for NR high frequency paging, and using different assumptions for the parameters described in detail above [4]
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[5].  These papers demonstrated that the relative paging efficiency of NR and LTE will depend highly on the choice of parameters assumed for the system.  For instance, NR may often have a large paging efficiency than LTE when carrier bandwidth of 100MHz or larger is used in NR, as shown in [4], however, the RAN1 agreed minimum bandwidths or 40MHz or 80MHz along with use of a large number of beams such as 128 or 256 as pointed out in [5] would result in scenarios where paging efficiency is higher in LTE.  

A number of the parameters described above which affect the paging overhead will depend on operator deployment and gNB implementation.  It would therefore be desirable that the operator can have as much flexibility as possible in the deployments it choses and still allow paging in NR to be at least as efficient as LTE.     
Observation 3:
Paging efficiency achieved with beamsweeping of the paging message may be better or worse than LTE depending on the assumptions of BW, number of beams, number of antenna arrays, and paging load. 
2.3 Reducing Paging Overhead and Energy Consumption
Paging overhead and network energy consumption can be reduced if the network knows the DL TX beam on which to reach the UE when it sends paging.  In the response-driven paging mechanism proposed by several companies during the study item phase [5]
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[7]
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[8], beamsweeping is used to transmit a paging indication (PI) and the actual paging message is sent in the DL TX beam(s) determined by the gNB using the information provided by the UE(s) responding to the PI.  DL overhead is reduced since only the PI (which is assumed to be much smaller than the paging message) is beamswept, and the paging message can be sent only in the cell(s)/TRP(s)/beam(s) where it is needed.  
Observation 4:
Response-driven paging achieves a reduction in DL paging overhead at the expense of increase in UL resources. 

Although there is a trade-off between DL resource savings and UL resource overhead to transmit the PI response, significantly more downlink resources can be saved compared to the amount of UL resources consumed.  This is because the DL resources being saved (by reduction in the size of the beamswept paging message) are used in every beam of every cell in the tracking area where paging needs to be sent.  The UL resources, on the other hand, consist only of transmission in a single beam sent by a set of UEs responding to the PI, and result in resource usage in the TRPs that are in the vicinity of the responding UEs.  Furthermore, the uplink resources can be re-used by multiple UEs in the same cell if there is no interference between the beams used by these UEs, and also by UEs in different cells.  Further details of the exact mechanism for UL transmission by the UE are discussed in our companion contribution [9].    
Observation 5:
Response-driven paging is overall more resource efficient when considering both UL and DL resources than beamforming the entire paging message.  

Based on the above observations, it seems that it should be desirable to support some form of response driven paging for high frequency operation in NR.
Proposal 2:
Response driven paging should be supported in NR to reduce beam sweeping overhead and network energy consumption for DL paging. 

In order to achieve the observed resource efficiency associated with response-driven paging, UL transmissions by UEs should be kept to a minimum.  It would be desirable that the assistance information provided by the UE to provide the beam information to the network for sending the paging message is sent only in response to the paging indication, and by the minimum number of UEs as possible.  Transmissions by UEs which will not receive the paging message should also be kept to a minimum. 
Proposal 3:
UL transmissions are made by UEs only in response to DL PI associated with that UE. 

In addition, the network may want to have control of when to use response-driven paging in a cell or not.  In some cases (e.g. large number of beams, DL traffic in a cell is significantly more than UL traffic, many UEs in a RAN paging area), the use of response-driven paging would result in significant savings in resource and network energy, while this may not be the case in other scenarios. A UE would therefore need to know through system information whether response-driven paging is being used.
Proposal 4:
UE determines in system information whether response-driven paging is used in a cell.
Given that RAN1 is discussing the design of paging for multibeam operations, it would be preferred to send an LS to RAN1 and inform them of RAN2’s intention to support response-driven paging.
Proposal 5:
Send LS to RAN1 to inform them of RAN2’s intention to support response-driven paging. 

3 Conclusion

In this contribution the following observations we made related to paging in high frequency:
Observation 1:
Resource overhead of beamsweeping increases with increase in number of beams, and decreases with the number of antenna arrays used by the gNB. 

Observation 2:
Transmission of paging message using beamsweeping increases network energy consumption, regardless of the number of antenna arrays. 

Observation 3:
Paging efficiency achieved with beamsweeping of the paging message may be better or worse than LTE depending on the assumptions of BW, number of beams, number of antenna arrays, and paging load. 

Observation 4:
Response-driven paging achieves a reduction in DL paging overhead at the expense of increase in UL resources. 

Observation 5:
Response-driven paging is overall more resource efficient when considering both UL and DL resources than beamforming the entire paging message.  

Based on the above observations, the following conclusions have been made.
Proposal 1:
To receive beamformed paging in NR, UE monitors the paging occasion or part of the paging occasion associated to a subset of DL TX beam(s). 

Proposal 2:
Response driven paging should be supported in NR to reduce beam sweeping overhead and network energy consumption for DL paging. 

Proposal 3:
UL transmissions are made by UEs only in response to DL PI associated with that UE. 

Proposal 4:
UE determines in system information whether response-driven paging is used in a cell.

Proposal 5:
Send LS to RAN1 to inform them of RAN2’s intention to support response-driven paging. 
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