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1 Background
Paging and (e)DRX were discussed in RAN2#93 and the following agreements were made:
· From signalling point of view we assume that eDRX is optional. 
· One Frame is still assumed to be 10ms. 
· SFN Range of LTE is reused
· HSFN is incremented when SFN wraps around 

· HSFN Range of LTE is reused 
· The maximum paging eDRX cycle of the UE is 1024 hyperframes. 
· It if FFS if the paging DRX cycle in NB-IoT is (e.g. 5.12s, 2.56s).
· Reuse the LTE 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. 
· Keep the IMSI and S-TMSI as the UE identifiers for paging, i.e. the same size as in LTE for the Identities.
· It is FFS if the FDD configurations for paging subframe locations are kept from LTE FDD. 
· We may send a LS to RAN1 asking which subframes that may be available for paging. LS in in R2-161943 (Huawei)
· The Paging Occasion refers to the starting sub-frame of the NB-PDCCH repetitions.
· Following eMTC principles, we assume that there is a broadcasted configuration that helps the UE to receive paging on different Coverage levels. The configuration is specified by RAN1. 
· RAN2 assumes that the Paging message from MME to eNB does not include the short DRX cycle length.
· RAN2 assumes that NB-IOT paging can use the same eDRX paging information (e.g. eDRX cycle, e.g. PTW) over S1 as LTE.
· We send a LS to RAN3, SA2. LS in R2-161948  including also previous agreements on all information signalled between MME-eNB and short DRX assumption (Ericsson).

· It is FFS if we need to change the calcuation of the start offset of the PTW (first paging occasion of the PTW) within a Hyper Frame (HF) to achieve more uniform distribution based on UE ID. We decide based on stage-3 proposal (at this meeting). 
· NB-IoT supports paging multiplexing, i.e. paging multiple UEs at the same time, i.e. schedule multiple paging records in one paging message.
· The UE monitors the NB-PDCCH with the P-RNTI for paging.

RAN1 agreed in RAN1#84:

· NB-PDSCH for paging is always scheduled by a control channel

An LS out was sent to RAN1 [1] to ask RAN1 about the available sub-frames for paging. 
An LS out was sent to RAN3, SA2 and CT1 [2] to inform those working groups about the RAN2 agreements for paging and (e)DRX.
The following open issues are discussed:

· Sub-frames for paging

· DRX, eDRX and PTW value ranges

· UE specific DRX

· Number of SFN bits in MIB and the number of H-SFN bits in MIB/SIB1

· Randomization of start offset of PTW
· Need for eDRXAllowed
· H-SFN synchronization
· SI change notification via paging

· Max number of paging records in Paging message
· Paging and different CE levels
2 Discussion
Sub-frames for paging

RAN1 replied that NB-IoT has a 10 ms radio frame structure, with ten 1 ms subframes per radio frame [3]. Furthermore RAN1 agreed that subframes {0, 4, 5, 9} of the radio frame are available for scheduling paging transmissions. However only valid DL frames can be used for paging. RAN1 made the following agreements related to paging: 
· Multiplexing of paging records within one RRC paging message is supported by physical layer

· Subframes for scheduling paging transmission is not available for subframes 0 and 5

· Starting Subframe of Paging CSS

· Use the same mechanism to define {PF, PO} for paging CSS for inband, standalone, and guard band operations

· Starting subframe of paging CSS is determined by (PF, PO)

· Starting subframe of paging CSS is further determined by the following: 

· Use the existing PO paging subframe pattern 

· If the subframe SF0 determined by {PF, PO} is a valid DL subframe, then the subframe SF0 is the starting subframe of the paging CSS. 

· If the subframe SF0 determined by {PF, PO} is NOT a valid DL subframe, then the first valid DL subframe after SF0 is the starting subframe of the paging CSS 

· Valid DL subframe above refers to subframes NOT occupied by NPBCH, NPSS, NSSS and NSIB1 and not indicated as invalid in a SIB1

· FFS whether and how subframes can be indicated as invalid 

· Note that this definition of valid is specific for the context of this agreement.

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

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


· CSS is defined for RAR (as well as paging)

· For CSS for paging, 

· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to monitor a single candidate which starts at the beginning of the search space. 

· The parameter Rmax,paging is cell specific and broadcasted in NB-SIB. 

For in-band and guard-band operations, Power boosting is assumed for extreme coverage on the CSS for paging
· DCI content: 

· Number of repetitions of NB-PDCCH:

· 2 bits (except for CSS for paging)

· 3 bits for CSS for paging

· Scheduling delay between end of NB-PDCCH transmission and start of data transmission:

· 3 bits for NB-PDSCH (except for CSS for paging)

· 0 bits for paging

· 2 bits for NB-PUSCH

· Values are FFS. 

· For NB-PDCCH common search space for Paging, UE monitors one of the following sets of {AL, #repetition, #blind decodes}:

	Rmax
	Common search space monitoring sets

	1
	{2, 1, 1}                                                                                                                                                                                                                            

	2
	{2, 1, 1}, {2, 2, 1}                                                                                                               

	4
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                                                               

	8
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}                                                                                

	16
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}                                                              

	32
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}                                            

	64
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}

	128
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}

	256
	{2, 1, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}

	512
	{2, 1, 1}, {2, 4, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}

	1024
	{2, 1, 1}, {2, 8, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}, {2, 1024, 1}

	2048
	{2, 1, 1}, {2, 8, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}, {2, 1024, 1}, {2, 2048,1}      


· NB-PDSCH for paging is always scheduled by a control channel

· In FDD mode, NB-PBCH is transmitted in subframe 0 in every radio frame

· SIB1 agreements

· The same TB for NB-SIB1 is transmitted over 8 subframes

· NB-SIB1 is transmitted in one subframe of every other frame in 16 continuous frames

· Period of NB-SIB1 is not more than 512 radio frames, and choose one of the following alternatives:

· Alt 1. 256 radio frames, with repetitions {4,8,16}

· Alt 2. 512 radio frames, with repetitions {8, 16, 32}

· The subframes which are used are fixed in specification

· The repetitions of NB-SIB1 are equally spaced in time during the period of NB-SIB1

· Subframe #4 is used for NB-SIB1 transmission within each radio frame transmitting NB-SIB1.

· NB-PSS is transmitted in subframe 5

· The periodicity of NB-PSS transmission is 10ms

· NB-SSS is transmitted in subframe 9 

The figure below tries to exemplify how the NB-PDCCH and NB-PDSCH are transmitted based on the Paging Occasions (Paging Frame) determined by the DRX cycle length: 
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Figure 1: NB-PDCCH and NB-PDSCH transmissions for paging. 
As a result of the RAN1 agreements [3], RAN2 can re-use the legacy sub-frame patterns for paging: 
Proposal 1: The sub-frame patterns for paging for FDD indicated by Ns (TS 36.304 section 7.2) are used for NB-IoT.

DRX, eDRX and PTW value ranges

The exact value ranges for DRX, eDRX and PTW has not been agreed yet, but RAN2 agreed to support DRX in the "normal" range (e.g. down to around one second), and eDRX up to 3 hours. The DRX is not configurable per UE (e.g. defaultPagingCycle of the cell is used). The eDRX and PTW values are negotiated between UE and CN during ATTACH/TAU.

For reference the LTE eDRX value ranges in 24.008 are:
	Paging Time Window length
	E-UTRAN eDRX cycle length duration

	0 seconds (PTW not used)
	5,12 seconds

	1 second
	10,24 seconds

	2 seconds
	20,48 seconds

	3 seconds
	40,96 seconds

	4 seconds
	81,92 seconds

	5 seconds
	163,84 seconds

	6 seconds
	327,68 seconds

	7 seconds
	655,36 seconds

	8 seconds
	1310,72 seconds

	9 seconds
	2621,44 seconds

	10 seconds
	

	12 seconds
	

	14 seconds
	

	16 seconds
	

	18 seconds
	

	20 seconds
	


The DRX cycle length range is FFS in RAN2:

· It if FFS if the paging DRX cycle in NB-IoT is (e.g. 5.12s, 2.56s).
The DRX cycle length should accommodate the L1 paging repetitions under normal conditions i.e. when the paging message contains a single paging record. Not all UEs are in bad coverage and require the maximum number of L1 paging repetitions. Furthermore L1 paging repetitions can continue when the next Paging Occasion starts if needed. To allow network flexibility it is proposed to support a number of DRX cycle lengths: 
Proposal 2: The DRX cycle length value range in NB-IoT is {0.64, 1.28, 2.56, 5.12} sec.
It is proposed to add two values to the existing LTE eDRX value range to obtain an eDRX up to 3 hours:

Proposal 3: The eDRX cycle length value range in NB-IoT is {5.12, 10.24, 20.48, 40.96, 81.92, 163.84, 327.68, 655.36, 1310.72, 2621.44, 5242.88, 10485.76} sec.

Similar eDRX value range is proposed in CT1 [4]. 

A certain number of Paging Occasions in the PTW are needed to enable a reliable paging reception. Furthermore the PTW size should support the CN paging strategy (e.g. CN paging re-attempts). Due to the rather large DRX cycle length it is proposed to increase the maximum PTW size:
Proposal 4: The possible PTW size values are 5 to 40 seconds including 0 (PTW not used), i.e. {0, 5, 7.5, 10, 12.5, 15, 17.5, 20, 22.5, 25, 27.5, 30, 32.5, 35, 37.5, 40}.
	Paging Time Window length
	PTW-NB-IOT

	0 seconds (PTW not used)
	0 seconds (PTW not used)

	1 second
	5 seconds

	2 seconds
	7.5 seconds

	3 seconds
	10 seconds

	4 seconds
	12.5 seconds

	5 seconds
	15 seconds

	6 seconds
	17.5 seconds

	7 seconds
	20 seconds

	8 seconds
	22.5 seconds

	9 seconds
	25 seconds

	10 seconds
	27.5 seconds

	12 seconds
	30 seconds

	14 seconds
	32.5 seconds

	16 seconds
	35 seconds

	18 seconds
	37.5 seconds

	20 seconds
	40 seconds


UE specific DRX
SA2 agreed with the RAN2 agreement to make the DRX not UE specific, however SA2 suggested to keep the existing signalling to minimize the impact [5]. This means that the DRX is signalled from UE to MME and from MME to eNB. However the MME and eNB respectively ignore the signalled DRX, i.e. the default paging cycle of the eNB is used. There is no impact on RAN2 due to this SA2 decision. 
In the running CR for 36.304 it is captured in section 7.1 "Discontinuous Reception for paging" that for the DRX cycle of the UE "UE specific DRX is not applicable for NB-IoT".
Number of SFN bits in MIB and the number of H-SFN bits in MIB/SIB1

RAN2 agreed:

· The SFN has 10bits (i.e. 10.24s), same length as in LTE, but only the 4 most significant bits of SFN need to be carried in MIB.
· The H-SFN has 10bits (i.e. 2.91h), same length as in Rel-13 LTE. 
· We assume that H-SFN is sent in SIB1. FFS if some part need to be sent in MIB. 
RAN1#84 agreed:

· The 4 most significant bits of NB-IoT SFN are indicated in NB-MIB.
RAN1 adhoc meeting agreed:

· Working assumption on indication of HyperSFN: 

· Use 2 bits in MIB to indicate the two LSB of HyperSFN 

This working assumption need to be confirmed by RAN2
In many cases the UE is configured with an eDRX and only wakes-up to listen to paging. In such case the UE should only be required to check the MIB to remain synchronized. With 2 bits of the H-SFN in the MIB the UE is able to make a low cost implementation: 
Proposal 5: Two bits in MIB indicate the two LSB of the H-SFN.
Randomization of start offset of PTW

With eDRX in LTE there are four possible start offset for the PTW within the H-SFN. Further distribution of the start of the PTW within the H-SFN reduces the risk of "false paging", i.e. the UE receives a paging message not destined to that UE. Therefore it is proposed to distribute the start of the PTW using the UE ID: 
Proposal 6: The start offset of the PTW within the Hyper Frame (HF) is uniformly distributed based on IMSI, i.e. SFN = IMSI mod 1024.
Need for eDRXAllowed
The long DRX is considered an essential feature in NB-IoT to guarantee long battery lifetime, i.e. long DRX should be supported in each cell. Thus there is no need for eDRXAllowed indicator in system information as in REL-13 eMTC:
Proposal 7: In NB-IoT there is no eDRXAllowed indicator in system information.

H-SFN synchronization
For long DRX it is agreed that the Paging Occasions between eNBs have a coarse alignment, i.e. are "loosely synchronized", to enable a UE that wakes-up in another cell still to still receive paging in the paging window of the new cell. A loose H-SFN synchronization is achieved when eNBs and MMEs use the same H-SFN value with accuracy in the order of legacy DRX cycle lengths, e.g. 1 to 2 seconds, as specified for eMTC in TS 23.682 [6]. There is no need for synchronization at the SFN level:

Proposal 8: The same loose H-SFN synchronization as in eMTC is used in NB-IoT. There is no need for SFN synchronization.  

SI change notification via paging

RAN1 agreed a similar way forward as for eMTC w.r.t. SI change notification via paging in NB-PDCCH:

· Agree DCI format N2 for the flag = 0 case in R1-161561
· FFS: details on flag = 1 case
In the LS from RAN1 to RAN2 it is described [7]: 
· DCI format N2 will contain a flag bit to indicate whether the DCI is used for paging or direct indication.

· If flag=1, the DCI is used for paging, and the remainder of the DCI contains scheduling information for an NPDSCH transmission containing paging information for one or more UEs as specified in RAN2 specification (36.321).

· If flag=0, the DCI is used for direct indication, and a bit field of [x] bits provides direct indication of system information update and other fields as defined in RAN2 specification (36.331). Additional bits are added until the DCI size is equal to that of the flag=0 case.

RAN1 invites RAN2 to provide feedback on the desired size (the [x] bits) of the direct indication bit field.

Thus for NB-IoT there will be “direct indication” bits in the DCI of the NB-PDCCH, specified in 36.331, specifying in more details what SI information has changed. For eMTC the “direct indication” bits are specified in section 6.5 Direct Indication Information in 36.331: 

Table 6.5-1 defines the Direct Indication information, see TS 36.212 [22, 5.3.3.1.14].

When bit n is set to 1, UE shall behave as if the corresponding field is set in the Paging message, see 5.3.2.3. Bit 1 is the least significant bit.

Table 6.5-1: Direct Indication information 

	Bit
	Field in Paging message

	1
	systemInfoModification

	2
	etws-Indication

	3
	cmas-Indication

	4
	eab-ParamModification

	5
	systemInfoModification-eDRX

	6, 7, 8
	Not used, and shall be ignored by UE if received.


For further details on the “direct indication” bits and the required number of bits can be found in [8].
Three use cases can be identified for Paging:

1. SI change:            

flag = 0 (“direct indication” bits in DCI on NB-PDCCH, no paging  

message on NB-PDSCH)

2. Paging message:           

flag = 1 (no “direct indication” bits in DCI on NB-PDCCH, paging 

message without “direct indication” bits” on NB-PDSCH) 
3. SI change + Paging message:
flag = 1 (no “direct indication” bits in DCI on NB-PDCCH, paging 
              message including “direct indication” bits” on NB-PDSCH)

To enable simultaneous SI change notification and normal paging (case 3) the Paging message on the NB-PDSCH needs to include the “direct indication” bits” because they are not included in the DCI on the NB-PDCCH in that case. 

Proposal 9: The “direct indication” bits” are included in the Paging message when there is normal paging (one or more paging records in the Paging message) and SI change notification at the same time. 
Max number of paging records in Paging message
RAN1#84 agreed:

· The maximum TBS for NB-PDSCH is 680 bits

The paging message in NB-IoT is expected to include:
Paging ::=




SEQUENCE {


pagingRecordList



PagingRecordList 




OPTIONAL,
-- Need ON


DCI bitmap





BIT STRING (SIZE (x))



OPTIONAL,
-- Need ON


nonCriticalExtension


Paging-v890-IEs





OPTIONAL

}

PagingRecordList ::=



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

S-TMSI and IMSI are used for paging. In most cases the shorter S-TMSI is used, but in some cases the longer IMSI may be needed (e.g. UE context is lost): 

· S-TMSI:
40 bits

· IMSI:

[24..60] bits (i.e. [6..15] digits of 4-bits)

Proposal 10: In NB-IoT the maximum number of Paging Records in the Paging message is 8.  

Paging with different CE levels

In RAN2#93 it was agreed:

· Following eMTC principles, we assume that there is a broadcasted configuration that helps the UE to receive paging on different Coverage levels. The configuration is specified by RAN1. 
RAN1 agreed on the common search space for paging [9], i.e. there can be up to 2048 L1 paging repetitions in NB-IoT: 

For NB-PDCCH common search space for Paging, UE monitors one of the following sets of {AL, #repetition, #blind decodes}:

· Rmax=1: {2, 1, 1}                    
· Rmax=2: {2, 1, 1}, {2, 2, 1}                                                                                           
· Rmax=4: {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                                              
· Rmax=8: {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}                                                                         
· Rmax=16: {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}                                                          
· Rmax=32: {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}                                           
· Rmax=64: {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}                          
· Rmax=128: {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}      
· Rmax=256: {2, 1, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1} 
· Rmax=512: {2, 1, 1}, {2, 4, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}    
· Rmax=1024: {2, 1, 1}, {2, 8, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}, {2, 1024, 1}  
· Rmax=2048: {2, 1, 1}, {2, 8, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}, {2, 1024, 1}, {2, 2048,1}
It is proposed to follow a similar approach as for eMTC: 
Proposal 11: Include nb-mpdcch-NumRepetitions-Paging IE in RadioResourceConfigCommonSIB in SIB2.
eDRX cycle and PTW in Paging message from MME to eNB

RAN3 has agreed to include the eDRX cycle and the Paging Time Window (PTW) in the Paging message from the MME to the eNB [10]. This signalling can also be used for NB-IoT, i.e. it is proposed to send an LS to RAN3 to also include the eDRX cycle and PTW for NB-IoT (new value range) in the paging message. 

Proposal 12: Ask RAN3 to include the value range for eDRX and PTW in Paging message from MME to eNB. 
The generic paging enhancements described in [11] can also be used in NB-IoT, except that in NB-IoT there is low/no mobility and potentially less need for such enhancements. 
3 Summary

RAN2 is kindly asked to discuss paging and (e)DRX for NB-IOT: 

Proposal 1: The sub-frame patterns for paging for FDD indicated by Ns (TS 36.304 section 7.2) are used for NB-IoT.
Proposal 2: The DRX cycle length value range in NB-IoT is {0.64, 1.28, 2.56, 5.12} sec.
Proposal 3: The eDRX cycle length value range in NB-IoT is {5.12, 10.24, 20.48, 40.96, 81.92, 163.84, 327.68, 655.36, 1310.72, 2621.44, 5242.88, 10485.76} sec.

Proposal 4: The possible PTW size values are 5 to 40 seconds including 0 (PTW not used), i.e. {0, 5, 7.5, 10, 12.5, 15, 17.5, 20, 22.5, 25, 27.5, 30, 32.5, 35, 37.5, 40}.
Proposal 5: Two bits in MIB indicate the two LSB of the H-SFN.

Proposal 6: The start offset of the PTW within the Hyper Frame (HF) is uniformly distributed based on IMSI, i.e. SFN = IMSI mod 1024.

Proposal 7: In NB-IoT there is no eDRXAllowed indicator in system information.

Proposal 8: The same loose H-SFN synchronization as in eMTC is used in NB-IoT. There is no need for SFN synchronization.  

Proposal 9: The “direct indication” bits” are included in the Paging message when there is normal paging (one or more paging records in the Paging message) and SI change notification at the same time. 
Proposal 10: In NB-IoT the maximum number of Paging Records in the Paging message is 8.  

Proposal 11: Include nb-mpdcch-NumRepetitions-Paging IE in RadioResourceConfigCommonSIB in SIB2.
Proposal 12: Ask RAN3 to include the value range for eDRX and PTW in Paging message from MME to eNB. 
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