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NB M2M - Paging for Cellular IoT
Introduction
At GERAN#62 a new SI was agreed to study Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things. An NB M2M radio access technology was introduced and to support NB M2M access, the Paging mechanism should be considered to match the M2M requirement. In this contribution, the Paging procedure based on NB M2M access for Cellular IoT will be discussed.
Discussion
Paging over S1 and Gb interface
In S1 based architecture, the MME initiates the paging procedure by sending the PAGING message to the BS. Currently, a Paging message sent on S1 is as follows.
Table 1 Paging on S1 interface [1]
	IE/Group Name
	Presence
	Comments

	Message Type
	M
	

	UE Identity Index value
	M
	It equals to IMSI mod 1024, used for calculation of DRX cycle for Paging 

	UE Paging Identity
	M
	It’s always S-TMSI (40bits) to identify the UE paged in the radio interface. 
In abnormal case, IMSI will be used.

	Paging DRX
	O
	If it appears, the Min {paging DRX, default DRX value broadcast in system information} will be used for the paging distribution in the radio interface.

	CN Domain
	M
	Domain Indication, PS or CS. For BS supporting NB M2M, this indication may be discarded.
Irrelevant with cellular IoT

	List of TAIs
	
	Paging will be sent in cells which belong to tracking areas as indicated in this IE

	>TAI List Item
	
	

	>>TAI
	M
	

	CSG Id List
	
	CSG related
Irrelevant with cellular IoT

	>CSG Id
	O
	

	Paging Priority
	O
	Paging priority indication is included only if MME receives a Downlink Data Notification with ARP associated with MPS.
Irrelevant with cellular IoT


According to the PAGING message from the MME, the BS can distribute the paging over the radio interface with the UE identity in the tracking areas included in the TAI list. The Paging DRX will be used by the BS to calculate when the UE will wake up for paging.
On Gb based architecture, When an SGSN initiates the paging procedure for GPRS services as defined in 3GPP TS 24.008, it shall send one or more PAGING-PS PDUs to the BSS
Table 2 Paging on Gb interface [2] 
	Information elements
	Presence
	Comments

	PDU type
	M
	

	IMSI
	M
	Paging Identity, 5-10bytes

	DRX Parameters
	O
	The UE shall also indicate within the DRX parameters whether it supports the split pg cycle option on CCCH.

	BVCI a)
	C
	One and only one of the conditional IEs shall be present, indication of the cells within which the BS shall page the UE

	Location Area (note)
	C
	

	Routeing Area (note)
	C
	

	BSS Area Indication (note)
	C
	

	PFI
	O
	UE specific information, enabling a BS to execute the paging procedure in an UE specific manner
Irrelevant with cellular IoT

	ABQP
	O
	

	QoS Profile
	M
	

	P-TMSI
	O
	Paging Identity


The content of Paging on Gb interface is almost the same with S1 interface except the DRX parameters. For GPRS, the DRX parameter indicates the supporting of the split pg cycle. However, the DRX parameter also includes the CN Specific DRX cycle length coefficient and DRX value for S1 mode as in Table 3. In other words, when the DRX parameter is sent to BS for NB M2M, the BS can only identify the DRX value and neglect the other info. By the way, the SGSN only keeps the DRX parameter the same as it is sent from UE to SGSN by ATTACH/RAU and transfers it to BS without any change. In such a way, the DRX parameter can still be used by BS to calculate when the UE will wake up for paging as mentioned before. 
Table 3 Content of DRX Parameter [3]
	8
	7
	6
	5
	4
	3
	2
	1
	

	DRX parameter IEI
	octet 1

	SPLIT PG CYCLE CODE
	octet 2

	CN Specific DRX cycle length coefficient 
and
DRX value for S1 mode
	SPLIT on CCCH
	non-DRX
timer
	
octet 3


Paging over the radio interface
Paging Channel Configuration
In NB M2M, The Paging message is carried on the Paging Control Channel (PCCH). Such a PCCH will be mapped via PCH on the Physical Downlink Shared Channel (PDSCH) as shown in Figure 1.  


Figure 1 Channel Mapping for PCCH
The PCCH is coverage class [4] specific to separate resources for UEs in different coverage conditions. Therefore the resource utilization can be enhanced compared with multiplexing UEs in different coverage conditions. If the paging for UEs in different coverage conditions is multiplexed in the same resource, the PAGING messages will always to be repeated the same number of times as the worse coverage class, which will significantly decrease the paging capacity.
The presence of PCCH for a specific coverage class is scheduled by the corresponding DCI for the same coverage condition. When a PCCH is scheduled, the information below is present in the DCI with a specific value for P-RNTI, from which the UE will know the exact location of the PCCH and perform paging monitoring.
Table 4 PCCH Allocation in DCI
	Information Element
	length
	Description

	P-RNTI
	20bits
	This identifier indicates the subsequent resource allocation for PCCH. A fixed value will be used for all UEs in the cell.

	Channel ID
	4bits
	Indicate the physical location of the PCH channel

	Start Indicator
	10bit
	The start of the resource allocation on the corresponding physical channel, the value means the Nth slot in current DCI interval

	Duration
	7 bit
	the duration of the resource allocation for PCCH, the value indicates how long a UE should keep receiving

	MCS
	3bit
	Modulation and scheme for the PCCH


Consequently, when the UE identifies the P-RNTI from the DCI monitoring, the UE will listen to the corresponding PCCH for PAGING message. An example is given in Figure 2, where the DCI indicates that the PCCH will be transmitted on the same channel than the DCI by Channel ID and will start from the 15th slot in the current DCI interval and last for 12 slots. The MCS is also indicated in the DCI. Such a DCI monitoring for PCCH is doing periodically for a specific UE.

Figure 2 PCCH allocation
To differentiate PCCH for different coverage conditions, the BS is required to know which coverage class the UE belongs to. One possible way is that the UE provides its specific coverage class information to the CN by ATTACH/TAU/RAU procedure. When there is any change of coverage class, the UE can trigger additional TAU procedure to update this information to the CN. After getting this information, the CN will indicate the paging class in the paging messages to the BS and therefore the BS can select suitable paging channels for this specific UE. In this way the coverage class is synchronized timely between the UE and the network, and therefore the paging capacity can achieve significant benefits. But on the other hand, this solution costs additional signalling to the CN.
Another alternative is not to bother CN so much. The coverage class information can be carried in normal TAU/RAU or periodic TAU/RAU procedures. If coverage class changes to a worse one during this period, the UE will automatically fall into the worse coverage class listening to the paging. If the network does not get paging response for the first time, it will re-send the paging on the paging channel of worse coverage class at second time, and thus the UE can listen to its paging correctly. In this way the status between UE and BS might not always be synchronized, which might lead to additional paging re-transmission and more power consumption of UEs. However this does not cause additional signalling to the CN. From the sourcing company’s view, the trade-off between signalling overhead and paging capacity/power consumption is inevitable. Other solutions are still under investigation to satisfy this trade-off.
Reception of paging
Similarly as legacy mechanism, the UE also needs to use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. One Paging Occasion (PO) for NB M2M access is a DCI interval where P-RNTI is included in the DCI. One Paging Frame (PF) is one Super Frame containing 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 will be derived from following calculation:
i_s = UE_ID mod Ns
The following Parameters are used for the calculation of the PF and i_s:
-	T: DRX cycle of the UE. T is determined as min [value in system information, value via CN indication]. If UE specific DRX is not configured by upper layers, the default value broadcast in the system information is applied. 
-	N: N is used to group the super frame where the DCI for PCCH can only appear in PF. It can be selected from {T, T/2…}.
For example, 
when N= T, it means the DCI for PCCH could be appeared in each super frame;
when N= T/2, it means the DCI for PCCH could be appeared in each two super frame;
-	Ns: The value of Ns can be different for different coverage class.
   For the worst coverage class, the value of Ns is always 1. 
For other coverage class, the corresponding Ns can be selected from {1, 2, 4, 8, 16, 32}, which will be indicated in the System information.
   The DCI is separated into Ns groups for each coverage class. The UE can select one of the Ns groups based on its IMSI for the DCI monitoring for PCH.
-	UE_ID: IMSI mod 1024.
When the PF and PO is identified, the UE will perform discontinuous reception for paging as below.


Figure 3 PO Locations example for Paging, Ns=16
The value of T is the number of super frame. It could be from 0 to 65535 where there are 65536 super frames in NB M2M access. The length of one super frame is 5.12s. Examples are listed in Table 5 for paging cycle setting.
Table 5 Examples of Paging Cycle Setting
	T
	DRX (Second)
	DRX (Hour: min: Second)

	1
	5.12
	NA

	2
	10.24
	NA

	4
	20.48
	NA

	8
	40.96
	NA

	16
	81.92
	1min21.92s

	32
	163.84
	2min43.84s



Paging Message via radio interface
In one unit of downlink paging resource, one Paging Message will be carried, containing paging for multiple UEs as showed in Table 6.
The maximum number of UEs which can be paged in one Paging Message is limited by the resource allocation. For example, if the allocation is limited to 60 bytes because of the MCS and the length of time of the allocation, then there can be up to 12 UEs paged by S-TMSI at the same time.
Table 6 Example of Paging Message in radio interface
	IE/Group Name
	Presence
	Range
	Semantics description

	UE identity List
	
	1 to <maxNrOfPagingRec>
	

	>UE identity
	M
	S-TMSI  5 bytes
IMSI    5-10 bytes
	Provides the NAS identity of the UE that is being paged.
S-TMSI or IMSI


Paging Capacity Evaluation
According to the ongoing discussion of the traffic model, 20% of 50000 users per cell will be in MT service. Assuming 5% of them have a paging period of 30 min, 20% of 2 hours and 75% of 1 day, the requirement of PAGING capacity is about 2313 users per hour per cell. 
An example of PAGING capacity for NB M2M is listed in Table 7 when assuming N=T.
Table 7 Example of Paging Capacity
	DCI interval
(ms)
	Duration of Paging message(ms)
	Payload(including 6 byte cost for header and CRC) [5]
	Max no. of UE paged within a PAGING message (S-TMSI is used)
	i_s
	Appearance of Paging during an hour
	Capacity for Paging per hour
	Occupation on one PDSCH

	320
	30
	18 (MCS 5)
	2
	16
	11250
	22500
	9.37% 

	320
	30
	18 (MCS 5)
	2
	2
	1406
	2812
	1.17%

	320
	30
	18 (MCS 5)
	2
	1
	703
	1406
	0.58%

	5120
	480  (30*16)
	18 (MCS 1)
	2
	1
	703
	1406
	9.37%

	5120
	640  (40*16)
	24 (MCS 1)
	3
	1
	703
	2109
	12.5%

	5120
	800  (50*16)
	30 (MCS 1)
	4
	1
	703
	2812
	15.6%


According to Table 7, at least 2812 users can be supported with cost of 15.6% of one PDSCH assuming all UEs are in worst coverage.
When the paging is sent per coverage class, less PDSCH is required.
For example, 
-	50% users (1157) can be served by normal coverage and the other 50% users can be served by enhanced coverage.
-	According to Table 7, 1406 users of normal coverage can be supported by 0.58% of one PDSCH and 1406 users of enhanced coverage can be supported by 9.37% of one PDSCH.
-	Then 0.58% + 9.37%=9.95% of one PDSCH is enough for the 2313 users.
It is conclued that when the paging is sent according to different coverage classes, almost 1/2 less resources is consumed compared with no distinguishing of coverage class.
Conclusions
This contribution has discussed the paging mechanism for NB M2M access, and proposes to adopt this mechanism into the TR.
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