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1. Introduction

This document describes the current state of paging discussions in RAN2, and the decisions that need to be taken at the stage 3 level to support paging.

2. Current status
The endorsed stage 2 output from RAN2#91-BIS and RAN2 #92 ([1]) reflected the following agreements:
	Paging in NB-IoT follows the principles as below: 
RAN2#91-BIS:
· Idle mode DRX cycles up to around 3 hours should be possible to support. The exact cycle length will depend on the physical layer design.

· Idle mode DRX cycles down to around one second should be supported. The exact cycle length will depend on the physical layer design. May be revisited due to impacts of repetitions. May be dependent on coverage level.  
· We assume that we support different paging transmission repetitions for different coverage level.
· NB-IoT UE determines the paging occasions to monitor paging message by using UE ID and Frame Number. FFS if we also need other parameter(s). 
· RAN2 assumes that the CN node can provide information on the coverage level of the UE, the paging attempt number, and the last known Cell ID, to RAN node in NB-IoT. 
· RAN2 assumes that eNB forwards the coverage level to the MME. It is FFS how the eNB can know the UE coverage level. 
· Course paging occasion alignment for a UE between eNBs is beneficial when using long DRX cycles for NB-IoT.

RAN2 #92: 
· We assume that NB-IOT shall use the eDRX system solution(s). 
· In NB-IOT an SFN-based short DRX, long DRX (eDRX) with paging transmission window (PTW) is used. 
· NB-IOT supports a short DRX up to X seconds, where X need to be selected to allow RAN repetitions between PO, and to allow CN to trigger retransmissions at PO’s. 
· UE monitors all his PO’s in the PTW
· PTW start, and PO is calculated based on UE-ID
· For the short DRX individual paging cycle is not needed, the defaultPagingCycle of the cell can be used.

· As specified for eDRX, we assume that the extended DRX cycle length and PTW size are negotiated between UE and CN during ATTACH/TAU.

· RAN2 assumes that the CN sends the paging message to the eNodeB just before the PTW of the NB-IOT device.




The only stage 2 paging agreement at the January ad hoc was:

	[…] paging is used for SI change notification for information that is needed to keep the UE reachable in Idle mode (as for eDRX for LTE). It is FFS if such paging is done only by PDCCH or also includes a paging record.


Several of these items have some impact on RAN2 specifications, but in many cases further decisions are needed to bring the conclusion to the stage 3 level where it can be implemented.  Table 1 below summarises the impacts.

	Agreement
	RAN2 impact
	In this document

	Idle mode DRX cycles up to around 3 hours should be possible to support.
	Affects DRX parameters in TS 36.331, and may affect PF/PO calculation in TS 36.304.
	Proposal 1

	Idle mode DRX cycles down to around one second should be supported.
	Affects DRX parameters in TS 36.331, and may affect PF/PO calculation in TS 36.304.
	Proposal 2

	We assume that we support different paging transmission repetitions for different coverage level.
	None
	n/a

	NB-IoT UE determines the paging occasions to monitor paging message by using UE ID and Frame Number. FFS if we also need other parameter(s).
	Needs to be captured in TS 36.304 once the paging occasion formula is agreed.
	Proposal 3

	RAN2 assumes that the CN node can provide information on the coverage level of the UE, the paging attempt number, and the last known Cell ID, to RAN node in NB-IoT.
	None
	n/a

	RAN2 assumes that eNB forwards the coverage level to the MME. It is FFS how the eNB can know the UE coverage level.
	Need to determine how the eNB learns the coverage level.
	No

	[Coarse] paging occasion alignment for a UE between eNBs is beneficial when using long DRX cycles for NB-IoT.
	Stage 2 only (already captured in running CR)
	n/a

	We assume that NB-IOT shall use the eDRX system solution(s).
	Not a direct requirement, derived requirements below will affect RAN2
	n/a

	In NB-IOT an SFN-based short DRX, long DRX (eDRX) with paging transmission window (PTW) is used.
	Needs to be captured in TS 36.304, and parameters in TS 36.331.
	Proposal 2 and RRC pseudo CR

	NB-IOT supports a short DRX up to X seconds, where X need to be selected to allow RAN repetitions between PO, and to allow CN to trigger retransmissions at PO’s.
	Needs to be captured in TS 36.304, and parameters in TS 36.331.
	Proposal 2 and RRC pseudo CR

	UE monitors all his PO’s in the PTW
	Seems obvious, but text in TS 36.304 should make it clear.
	Idle mode pseudo CR

	PTW start, and PO is calculated based on UE-ID
	PO is covered above; PTW start needs to be captured in TS 36.304.
	Idle mode pseudo CR

	For the short DRX individual paging cycle is not needed, the defaultPagingCycle of the cell can be used.
	May need to be captured in TS 36.304.  Discussion below.
	Proposal 2 and RRC pseudo CR

	As specified for eDRX, we assume that the extended DRX cycle length and PTW size are negotiated between UE and CN during ATTACH/TAU.
	CT1 impact for NAS signalling, no impact on RRC identified.
	n/a

	RAN2 assumes that the CN sends the paging message to the eNodeB just before the PTW of the NB-IOT device.
	None
	n/a

	[P]aging is used for SI change notification for information that is needed to keep the UE reachable in Idle mode (as for eDRX for LTE). It is FFS if such paging is done only by PDCCH or also includes a paging record.
	Needs to be captured in TS 36.331 and possibly TS 36.304.  FFS needs to be resolved first.
	Proposal 4


Table 1: Spec impact of RAN2 agreements
Some of these items are blocked by issues already discussed but needing agreement.  In addition to the open issues, stage 3 text needs to be provided for the procedures that are obviously affected by paging, e.g., paging reception in TS 36.331.

Considering the need to complete the feature in limited time, we propose to take quick decisions on the blocking items, prioritising simple solutions. 
3. Further Stage 3 issues
3.1. Paging DRX cycle and SFN
The frame and subframe lengths in NB-IoT are the same as in LTE: 10ms and 1ms respectively. Considering the agreement to support a paging DRX cycle is up to 3 hours, the LTE SFN range is not long enough to support the paging cycle, so the Hyper SFN (as in LTE eDRX, with 1 hyperframe=1024 frames) should be introduced in NB-IoT, with the paging DRX cycle being up to 1024×hyperframe- (approximately 2.9 hours).
Proposal 1: The paging hyperfame (PH) is reused in NB-IoT, and the maximum paging DRX cycle of the UE is 1024 hyperframes. 
It is assumed that all NB-IoT UEs support coverage enhancement, so to configure the minimum DRX cycle, it is also needed to consider the transmission time from RACH access to RRC connection setup complete (to allow CN enough time to trigger retransmissions at PO’s). Based on the evaluation results in [3] (section 7.3.6.3), the delay from synchronisation to UL data transmission at the highest coverage level is slightly above 6 seconds, corresponding to a delay between PRACH transmission and end of message 5 of approximately 4.5 seconds.  The physical layer design in [3] is different from NB-IoT, but the link budget is similar (e.g. due to same transmission bandwidth and similar MCS), so we suggest that the minimum DRX cycle should be 5.12 s = 512 radio frames (first power of 2 greater than 4.5 seconds).

The maximum legacy DRX cycle in LTE is 2.56s, so this proposal would mean that there is no “short” DRX for paging. The minimum of 5.12 s, which already exceeds the LTE paging cycle range, can be considered as the only applicable value for the cell-specific paging cycle, leading to no need to provide a configurable value of defaultPagingCycle in SI.
Proposal 2: The paging DRX cycle in NB-IoT is fixed at 5.12s. 
Proposal 3: Reuse the eDRX approach for paging frames and paging occasions, i.e., the paging occasion as computed in LTE Rel-13 is used as the starting point for repetitions within the paging window.
Note that in the pseudo CR, we assume that the other paging occasion parameters stay the same, e.g., nB is not changed in the legacy PO calculation.  The legacy and eDRX sections (TS 36.304 sections 7.1 and 7.3) could be merged to provide a single set of formulae, but we have not done so in this paper, to make the changes against the existing spec clearer.  This ultimately seems a choice for the spec rapporteur.

The current status of SI update in eDRX is still under discussion.  For this analysis, we follow the proposal of [2] to have the system information indicator sent only in DCI.

Proposal 4: Reuse only the DCI portion of existing eDRX mechanism for paging for SI change: no signalling in the Paging message, only the corresponding flag in DCI format.  (Note: This proposal overlaps with [2] and doesn’t need to be resolved in this document.)
In respect of proposal 4, note that there is no technical reason in NB-IoT to reuse the eMTC approach in this case.  Today eMTC uses a paging record for SI update, but this decision was due to a shortage of bits in DCI, a concern that NB-IoT does not have (e.g., at least two bits available in DCI due to no ETWS/CMAS).  There is further analysis in [2].
These proposals should allow RAN2 to finalise the paging aspects of TS 36.304 (see section 3.4 below for an analysis of the spec impact), as well as the paging-related portions of the system information procedures.
3.2. Paging message contents

The contents of the Paging message in LTE are largely not related for NB-IoT.  Since ETWS/CMAS are not supported, and different mechanisms are pursued for SI update and access class barring, none of the extensions added after LTE Rel-8 need to be captured, leaving a paging message format with nothing but paging records:
Paging ::=




SEQUENCE {


pagingRecordList



PagingRecordList 




OPTIONAL,
-- Need ON


nonCriticalExtension


Paging-vcxy-IEs





OPTIONAL

}

Paging-vcxy-IEs ::=


SEQUENCE {


lateNonCriticalExtension

OCTET STRING






OPTIONAL,


nonCriticalExtension


Paging-vdxy-IEs






OPTIONAL

}

PagingRecordList ::=



SEQUENCE (SIZE (1..maxPageRec)) OF PagingRecord

PagingRecord ::=




SEQUENCE {


ue-Identity






PagingUE-Identity,


...

}

(The extension mechanism and the “Need” flag can be discussed as part of the general ASN.1 approach; they are not paging specific.)
The contents of the ue-Identity depend on the available UE identifiers.  LTE can page by IMSI or S-TMSI; we are not aware of a reason to change this mechanism for NB-IoT.

Proposal 5: Keep the IMSI and S-TMSI as the UE identifiers for paging.

3.3. Procedures in RRC
The procedural handling of paging in the RRC standard is minimal except for the cases of ETWS, CMAS, and EAB change.  With these aspects removed, the entire paging procedure (from the UE side) is as follows:
	Upon receiving the Paging message, the UE shall:

1>
if in RRC_IDLE, for each of the PagingRecord, if any, included in the Paging message:

2>
if the ue-Identity included in the PagingRecord matches one of the UE identities allocated by upper layers:

3>
forward the ue-Identity and the cn-Domain to the upper layers.


Except for the IE cn-Domain, which does not exist in NB-IoT, the same procedural text should be applicable.
Proposal 6: Reuse the legacy paging reception procedure, removing the portions related to already removed IEs.

For system information update, based on proposal 4 above, there is no need to support the system information update portions of the paging procedure in RRC.  The only additional impact is to the paging DRX configurations in RRC signalling (captured in the pseudo CR below).
3.4. Procedures in idle mode
The only idle mode procedure strongly affected by these decisions is paging DRX.  The existing PO calculation for eDRX, based on the hyperframe concept, can be reused in most respects, with changes to reflect the longer DRX cycles (e.g. maximum value of T).

In addition, the allocation of paging subframes and value of i_s should be considered.  The current tables (36.304, section 7.2) are:
	FDD:

Ns

PO when i_s=0

PO when i_s=1
PO when i_s=2
PO when i_s=3
1

9

N/A

N/A

N/A

2

4

9

N/A

N/A

4

0

4

5

9

TDD (all UL/DL configurations):

Ns
PO when i_s=0
PO when i_s=1
PO when i_s=2
PO when i_s=3
1
0
N/A
N/A
N/A
2
0
5
N/A
N/A
4
0
1
5
6



At least the TDD table should be marked as not applicable to NB-IoT (not strictly technically needed, but helpful for clarity).  In addition, in order to make progress, we propose to proceed with the (FDD) legacy values of i_s.  It seems likely that 4 paging occasions per frame would not be needed, but the decision can be left to the operator to keep from perturbing the existing spec.
Proposal 7: The FDD configurations for paging subframe locations are kept from LTE FDD.

In addition to the proposals of this section, the change of cell DRX cycle length (2.56s -> 5.12s) and of maximum eDRX cycle length (256xHFN -> 1024xHFN) cause corresponding changes in the numerology of the PH calculation (TS 36.304, section 7.3).  These changes are reflected in the pseudo CR below.
4. Conclusion
This document proposes to resolve the open issues for paging as follows:
Proposal 1: The paging hyperfame (PH) is reused in NB-IoT, and the maximum paging DRX cycle of the UE is 1024 hyperframes. 
Proposal 2: The minimum paging DRX cycle in NB-IoT is 5.12s.
Proposal 3: Reuse the eMTC approach for paging frames and paging occasions, i.e., the paging occasion as computed in LTE Rel-12 is used as the starting point for repetitions.
Proposal 4: Reuse only the DCI portion of existing eDRX mechanism for paging for SI change; no signalling in the Paging message, only the corresponding flag in DCI format.  (Note: This proposal overlaps with [2] and doesn’t need to be resolved in this document.)
Proposal 5: Keep the IMSI and S-TMSI as the UE identifiers for paging.

Proposal 6: Reuse the legacy paging reception procedure, removing the portions related to already removed IEs.
Proposal 7: The FDD configurations for paging subframe locations are kept from LTE FDD.
Pseudo CRs reflecting these proposals are provided below in Appendix A (36.331) and Appendix B (36.304).
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Appendix A: Pseudo CR to TS 36.331
5.3.2
Paging

5.3.2.1
General
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Figure 5.3.2.1-1: Paging

The purpose of this procedure is
to transmit paging information to a UE in RRC_IDLE




.
The paging information is provided to upper layers, which in response may initiate RRC connection establishment, e.g. to receive an incoming data transfer.

5.3.2.2
Initiation

E-UTRAN initiates the paging procedure by transmitting the Paging message at the UE's paging occasion as specified in TS 36.304 [4]. E-UTRAN may address multiple UEs within a Paging message by including one PagingRecord for each UE. 
5.3.2.3
Reception of the Paging message by the UE

Upon receiving the Paging message, the UE shall:

1>
if in RRC_IDLE, for each of the PagingRecord, if any, included in the Paging message:

2>
if the ue-Identity included in the PagingRecord matches one of the UE identities allocated by upper layers:

3>
forward the ue-Identity to the upper layers.
1>  





















[…]
Paging message
-- ASN1START

Paging ::=




SEQUENCE {


pagingRecordList



PagingRecordList 




OPTIONAL,
-- Need ON


nonCriticalExtension


Paging-vcxy-IEs





OPTIONAL

}

Paging-vcxy-IEs ::=


SEQUENCE {


lateNonCriticalExtension

OCTET STRING






OPTIONAL,


nonCriticalExtension


Paging-vdxy-IEs






OPTIONAL

}

Paging-vdxy-IEs ::=


SEQUENCE {

}

PagingRecordList ::=



SEQUENCE (SIZE (1..maxPageRec)) OF PagingRecord

PagingRecord ::=




SEQUENCE {


ue-Identity






PagingUE-Identity,


...

}

PagingUE-Identity ::=



CHOICE {


s-TMSI







S-TMSI,


imsi







IMSI,


...

}

IMSI ::=






SEQUENCE (SIZE (6..21)) OF IMSI-Digit

IMSI-Digit ::=





INTEGER (0..9)

-- ASN1STOP

[…]
PCCH-Config ::=





SEQUENCE {




nB








ENUMERATED {












fourT, twoT, oneT, halfT, quarterT, oneEighthT,












oneSixteenthT, oneThirtySecondT}

}

Appendix B: Pseudo CR to TS 36.304
7.1
Discontinuous Reception for paging

The UE may use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. This section is applicable in case the default paging cycle for the cell is used; if a UE specific DRX cycle is configured by upper layers, the paging locations are calculated according to section 7.3.
One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH addressing the paging message. One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle.

PF and PO is determined by following formulae using the DRX parameters provided in System Information:

PF is given by following equation:

SFN mod T= (T div N)*(UE_ID mod N)

Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns

If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity UE_ID = 0 in the PF and i_s formulas above.

The following Parameters are used for the calculation of the PF and i_s:

-
T: DRX cycle of the UE, for NB-IoT T =512. 
-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.

-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
UE_ID: IMSI mod 1024.

IMSI is given as sequence of digits of type Integer (0..9), IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.

For example:


IMSI = 12 (digit1=1, digit2=2)

In the calculations, this shall be interpreted as the decimal integer "12", not "1x16+2 = 18".
7.2
Subframe Patterns

FDD:

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9



	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


7.3
Paging in extended DRX
The UE may be configured by upper layers with an extended DRX (eDRX) cycle of length TeDRX. 
A UE configured with eDRX monitors POs as defined in 7.1 (i.e, based on the upper layer configured DRX value and a default DRX value determined in 7.1), during a periodic Paging Window configured for the UE. The UE monitors all applicable POs within its Paging Window.  The Paging Window is UE-specific and is determined by a Paging Hyperframe (PH), a starting position within the PH (PW_start) and an ending position (PW_end). PH, PW_start and PW_end are given by the following formulae:

The PH is the H-SFN satisfying the following equation:

H-SFN mod TeDRX,H= (UE_ID mod TeDRX,H), where

-
UE_ID: IMSI mod 1024

-
T eDRX,H  : eDRX cycle of the UE in Hyper-frames, (TeDRX,H =1, 2, …, 1024 Hyper-frames) and configured by upper layers
PW_start denotes the first radio frame of the PH that is part the paging window and has SFN satisfying the following equation:

SFN = 256* ieDRX, where

-
ieDRX = floor(UE_ID/TeDRX,H) mod 4
PW_end is the last radio frame of the PW and has SFN satisfying the following equation:

SFN = (PW_start + L*100 - 1) mod 1024, where

-
L = Paging Window length (in seconds) configured by upper layers
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