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[bookmark: _Ref178064866]In RAN1 #87 meeting, the following agreements regarding paging in NR were made.
	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



Moreover, the following agreements were made in RAN2 NR AH meeting in Jan. 2017.
	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.



Based on the agreements in previous meeting, two major observation can be made for paging mechanism design in NR-HF. First, LTE paging monitoring behaviour is considered as a baseline. Second, paging message transmission with beam sweeping, across multiple time slots is expected, though this is RAN1 dependent. In this contribution, we further discuss the paging mechanism.
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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 two options (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, where the symbols used for pre-sweeping depend on RAN1 design. 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
Since beam-forming and beam 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.
Overhead reduction
Transmission of beam-swept paging message for a group of UEs consumes large amount of radio resources. In this section, we discuss two different approaches to reduce paging overhead in NR-HF.
Paging with localization
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 for a UE when UE performs paging area updates.
Proposal 1:	To reduce overhead due to beam-swept paging message, paging with localization 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.
Response-based paging
As proposed in [3] [4], to reduce downlink overhead due to paging message transmission, the gNB may first transmit a paging indication for a group of UEs when at least one of the UE is to be paged. Then all UEs alerted by paging indication send random access request to the cells they camp on. The cell-level location and most suitable beam of each UE can be learned, and then the network can send paging messages more precisely, via unicast or multicast. The procedure is illustrated in the figure below.


Figure 3. Response-based paging procedure
While gNB needs not to repeat paging messages on different beams and thus reduce the overhead in the downlink, UE power consumption and overhead in the uplink are potential concerns. Further study is required.
Proposal 2: 	RAN2 to study the overhead and UE power consumption when applying response-based paging.
[bookmark: _GoBack]Moreover, the random access (RA) procedure after paging indication resemble that of a 2-step RA [5]. That is, the RA request message (MSG1) may need to carry some RACH data (e.g., UE ID) together with a preamble so that the network can recognize the UE. However, according to RAN1 agreement made in NR AH1 meeting, further study is needed 
	Conclusions:
· RAN1 point of view, further study is needed for 2-step RACH
· RAN1 has no plan to spend 2-step RACH in Rel-14 SI timeframe



Since the procedures of response-based paging and 2-step RA resemble each other and may face similar design problems, we suggest studying them together.
Proposal 3: 	RAN2 to study response-based paging procedure together with 2-step RA procedure.
Conclusion
We have the following observation:
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 for a UE when UE performs paging area updates.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	To reduce overhead due to beam-swept paging message, paging with localization 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.
Proposal 2: 	RAN2 to study the overhead and UE power consumption when applying response-based paging.
Proposal 3: 	RAN2 to study response-based paging procedure together with 2-step RA procedure.
Reference
[1] RP-160671, New SID Proposal: Study on New Radio Access Technology
[2] R2-167566, Paging in NR – Beamforming Aspects, Samsung
[3] R1-1700789, Paging Design Consideration, Qualcomm Incorporated
[4] R2-168124, Paging in NR at HF operation, Nokia, Alcatel-Lucent Shanghai Bell
[5] R1-1700172, On 2-step random access procedure and physical channel in NR, MediaTek Inc.
4

image2.emf
sf0

sf1

sf2 sf3 sf4

sf5 sf6 sf7 sf8 sf9

DRX (Paging) Cycle

s0

s1

s2

s3

s4

s5 s6 s7 s8 s9 s10 s11 s12 s13

Subframe for Rx 

beam sweeping

Paging Frame(PF)

Tx beam

Symbol used for Rx 

beam sweeping


oleObject2.bin
DRX (Paging) Cycle


s0


s1


s2


s3


s4


s5


s6


s7


s8


s9


s10


s11


s12


s13


Subframe for Rx beam sweeping


Paging Frame (PF)


Tx beam


Symbol used for Rx beam sweeping


sf0


sf1


sf2


sf3


sf4


sf5


sf6


sf7


sf8


sf9



image3.emf
Random access request

UE gNB

Paging indication

UE 

alerted

Paging message (multicast/unicast)


oleObject3.bin
Paging message (multicast/unicast)


Random access request


UE


gNB


Paging indication


UE alerted



image1.emf
DRX (Paging) Cycle

sf0

sf1

sf2 sf3 sf4

sf5 sf6 sf7 sf8 sf9

Paging Frame(PF)

Paging Occasion(PO)

Tx beam 


oleObject1.bin
DRX (Paging) Cycle


sf0


sf1


sf2


sf3


sf4


sf5


sf6


sf7


sf8


sf9


Paging Frame (PF)


Paging Occasion (PO)


Tx beam 



