3GPP TSG RAN WG1#90bis
R1-1717750
Prague, CZ, 9th – 13th, October 2017
Agenda item:
7.1.3
Source:
Spreadtrum Communications

Title:
Paging design consideration
Document for:
Discussion & Decision
1. Introduction

In RAN1#87/88 and RAN1#AH-3 meeting, agreements about NR paging were made:

	Agreements from RAN1#87
· 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
Agreements from RAN1#88
· Support the paging channel design at least for RRC idle mode as follows:

· Paging 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 

· How to indicate SI update if it is supported in paging 
Agreements from RAN1#AH-3

· For paging, RAN1 to down-select from the following options

· Option 1: Paging DCI followed by Paging Message

· Note: These do not imply that they are consecutive

· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message

· Option 3: Paging group indicator and Paging DCI followed by Paging Message

· Option 4: Paging DCI indicates use of Option 1 or 2. 


According to these agreements, beam sweeping is supported for paging in multi-beam operation. In this contribution, we discuss the paging options and give our proposal.

2. Discussion
For a paging design, it is obvious that due to the effect of beam sweeping, the paging overhead will be a main concern. Based on the agreements in the last meeting, four options are listed as below:

· Option 1: Paging DCI followed by Paging Message, which means that paging message with UE ID is transmitted in beam sweeping. 

· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message, which means that paging group indicator is transmitted in beam sweeping.
· Option 3: Paging group indicator and Paging DCI followed by Paging Message, which means that paging group indicator and paging message are transmitted in beam sweeping, and UEs without corresponding paging group indicator do not need to monitor the paging DCI or receive the paging message.

· Option 4: Paging DCI indicates whether to use of Option 1 or 2. 
The main pros and cons are summarized as below:
	
	Option 1
	Option 2
	Option 3
	Option 4

	Downlink (DL) radio resource overhead
	Depends on the number of beams in beam sweeping and the number of paged UEs

High in this case with a large number of beams and paged UEs
Hi
	Depends on the number of groups and the grouping rule, the number of beams in beam sweeping and the number of paged UEs

The best case, all paged UEs are in the same PGI group and the same beam

The worst case, all paged UEs are in different PGI group and at least one UE sends the preamble in each beam, the network will send paging message in all beams, as the same as Option1
	Same as Option 1
	Depends on Option 1 or Option 2 is used

	UL radio resource overhead
	Very low

Only the paged UE is triggered to perform uplink access procedure
	High

All UEs in the same PGI group perform RACH procedure, UL radio resource overhead increases significantly due to false-alert UEs feedback

Special Preamble(s) is reserved
	Same as Option 1
	

	Trade-off between DL and UL radio resource overhead
	Imbalance

Due to the effects of beam sweeping, DL resource overhead can be very high and the UL overhead can be low
	Better trade-off depends on proper configurations and rules
	Same as Option 1
	

	false-alert UE
	Low 
All UEs monitor paging message

Only the paged UE is triggered to perform uplink access procedure
	High

All UEs in the PGI group perform RACH procedure, in fact, some of them are not paged.
	Lower

Only UEs with PGI monitor paging message

Only the paged UE is triggered to perform uplink access procedure 
	

	UE power consumption
	Low

All UEs monitor paging message

Only the paged UE performs uplink access procedure
	High

Due to false-alert UEs 
	Lower
Only UEs with PGI monitor paging message

Only the paged UE performs uplink access procedure
	

	Specification work
	Low
PF/ PO design
	High

PF/PO design, format of paging group indicator, RACH procedure and the content of paging response
	High
PF/PO design, format of paging group indicator, New DCI format design
	High
New DCI format design


According to the above comparison of options, if the DL overhead is acceptable, Option 1 is simpler, more reliable, and has no additional power consumption, and less specification work is needed. For Option 2, paging efficiency can be increased through PGI mechanism, but it depends on the grouping of PGI, the number of paged UE and the UL random access load. Option 3 can be seen as an optimization for Option 1. Option 4 provides the network with high flexibility to decide whether Option 1 or Option 2 is used depending on the current situation. Meanwhile, additional standardization effort will be needed for Option 2, Option 3 and Option 4. Especially for Option 2 and Option 4, RAN2 needs to define a potential new signalling flow.
Considering standardization effort and time limitation, it is proposed to define Option1 as the baseline.

Proposal 1: Define Option 1 as baseline, for the sake of RAN1 progress.
In addition, regarding the paging group indicator mechanism, it is called as “response-driven paging” in RAN2. There are two alternatives for implementation, which are proposed in [2], as shown in the Figure below:
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Figure1. The different implementations of response-driven paging
· Alt-1: the paged UE IDs are sent to UEs by the network and paging check is done by the UE. The paging record list is sent to the UEs in Msg2. The paging message is transmitted only on the specific beams from which are indicated by Msg1.
· Alt-2: the UE identity (UE ID) is sent to the network and the paging check is done by the network. A UE ID is sent to the network in Msg1 for 2-step RACH or in Msg3 for 4-step RACH, then the network checks whether the received UE ID matches one of the UE IDs in paging message received from CN. If it is matched, the paged UE can complete the connection setup in Msg2/Msg4 for receiving the incoming call or data transfer; otherwise, the UE can be informed as a false-alert UE to end the access procedure. 
Therefore, Option 2 has much influence on RAN2 standardization, as it needs RAN2 to define a new signalling flow and decide whether the special preambles need to be reserved, which may suffer from the lack of time.

Observation 1: Option 2 needs RAN2 to define a new signaling flow and decide whether the special preambles need to be reserved, which may suffer from the lack of time.

Introduction of “Response-driven paging” may be beneficial in some scenarios, it depends on the grouping of PGI, the number of paged UE and the UL random access load, which can be known and controlled by the NW. 
Observation 2: Option 2 is not problematic in some scenarios.
Meanwhile, “Response-driven paging” has drawback of UE power consumption and UL resource overhead, but it can be controlled by proper configuration [4] [5]. Therefore, it is better to define a mechanism to turn Option 2 on or off, if Option 2 is supported. Whether the signaling is semi-static or dynamic is FFS.
Proposal 2: A mechanism should be defined to turn Option 2 on or off, if Option 2 is supported. Whether the signaling is semi-static or dynamic is FFS.
Option 3 may not cause RAN2 standardization effort. It can be an enhancement of Option 1. Moreover, since introduction of PGI is beneficial for Option2 and Option4 too. Therefore, we can define PGI at first for Option 2/3/4.

Proposal 3: Define PGI as enhancement of Option 1.
3. Conclusion

Based on the above analysis, RAN1 is requested to discuss and agree on the following proposals:
Proposal 1: Define Option 1 as baseline, for the sake of RAN1 progress.
Proposal 2: A mechanism should be defined to turn Option 2 on or off, if Option 2 is supported. Whether the signaling is semi-static or dynamic is FFS.
Proposal 3: Define PGI as enhancement of Option 1.
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