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1 Introduction

In the last two RAN2 meetings, false paging where the UE is monitoring paging while it has not been paged was discussed with respect to the power saving by NB-IOT UEs. A new solution based on message reading indicator was proposed and discussed as a way of avoiding the false page reading by the UE. 

In this paper, we provide our views on the false paging mitigation and proposed a way forward if false paging is to be considered as a significant problem for NB-IOT.

2 Discussion
An evaluation of false paging rate with respect to DRX cycle and its impact on UE power consumption was discussed in R2-156767. It has been shown in R2-156767 that the false rate of paging reading could be quite high depending on delay requirement and traffic type. In some scenarios, the false paging reading could be as high as 95%. 
Even though it is understood that the power consumption will be reduced when the false paging reading rate is reduced considering that the number of paging repetitions that needs to be read by a UE in a bad coverage is in the order of several ten, it is not so clear how much reduction is achieved in terms of the UE power consumption. 

An attempt was taken in R2-156767 in analysing impact on false paging reading on UE power consumption.  Gain of the message reading indicator solution was compared to the base line legacy paging mechanism by analysing the number of MAR sessions (including RACH, uplink report sending and DL ACK reception) if the energy for reading the paging is assumed to be used for uplink MAR session. It was shown in R2-156767 that some message reduction can be achieved with the message reading indicator solution compared to legacy paging method. One conclusion could be drawn from the analysis in R2-156767 is that the gain is sensitive to the DRX configuration and the paging session arrival rate. With appropriate DRX configurations, the number of MAR sessions can be reduced by 10% compared to the baseline. 
Observation 1: Appropriate setting of DRX configuration with respect to expected paging session arrival rate could achieve better UE power consumptions.
The setting of DRX configuration for NB-IOT UEs taken into account the paging session arrival rate for a particular UE can be performed by the CN with no involvement of eNB. A number of solutions were discussed for further reduction of false paging reading rate if the DRX configuration is not sufficient to achieve the required UE power saving. These solutions are based on grouping of more UEs or use of multiple paging –RNTIs. Furthermore, single PDCCH based paging message which includes paged UE ID or reduction of the regular PDCCH transmissions for paging such as SPS were discussed. 

Extended DRX cycle provides a method for relaxing the false paging therefore it is recommended for NB-IOT. Moreover the eDRX supports a uniform distribution of paging load in a given paging H-SFN (see Annex A). This was introduced to enable the paging load distribution for paging message transmission over the radio interface. The start of the paging window is uniformly distributed across 4 paging starting points with the paging hyper frame. The time offset from the beginning of paging hyper frame where the PTW starts is determined based on a standardised formula which is a function of UE_ID and UE eDRX cycle configuration. The same method results in distribution of paging UEs into multiple groups within a paging hyper frame. Thus this could be seen as equivalent of multiple paging groups which are identified by the start position of the paging hyper frame. In other words, this is a distribution /identification of multiple paging groups in time domain instead of using multiple paging RNTIs. Similar to the use of multiple P-RNTIs, time domain distribution of paging sub groups within a paging hyper frame results in reduced false paging reading rates.
Observation 2: Not only the configuration of extended DRX cycle for NB-IOT UEs, but also the paging load distribution within a paging hyper frame function introduced in eDRX results in reduced false paging reading rate.

If the DRX cycle is very small, it was shown that the paging efficiency is very low due to the fact that not many UEs are paged in each paging occasion considering the paging demand for NB-IoT UEs. On the other hand, currently agreed eDRX for Rel-13 supports extended DRX cycle as low as one hyper frame (10.24s). 

It could be discussed whether a minimum paging DRX cycle of one hyper frame is sufficient for NB-IoT UEs or lower DRX cycles are needed to be supported if the latency requirement demands short DRX cycle. 

Current eDRX feature supports only 4 levels (K is equate to 4 in the specification) of UE distribution, hence 4 UE sub-paging groups in paging hyper frame. The level can be further increased and reduced false paging reading rate if necessary. The increase of sub-grouping within a paging hyper frame is straightforward and does not result in much specification impact. Further the K value could be decided based on the DRX cycle and expected traffic characteristics.
Proposal 1:  Rel-13 eDRX feature supports reduction of false paging reading rate by UEs, hence Rel-13 eDRX is used for NB-IOT UEs. If seen necessary, the eDRX features could be extended (e.g.: increase K value, or deterministic K based on traffic characteristic) for NB-IoT.

3 Discussion

In this contribution, we have discussed the false paging reading issues identified in the last RAN2 meeting. And the following observations and proposal are made.

Observation 1: Appropriate setting of DRX configuration with respect to expected paging session arrival rate could achieve better UE power consumptions.

Observation 2: Not only the configuration of extended DRX cycle for NB-IOT UEs, but also the paging load distribution within a paging Hyper frame function introduced in eDRX results in reduced false paging reading rate.

Proposal 1:  Rel-13 eDRX feature supports reduction of false paging reading rate by UEs, hence Rel-13 eDRX is used for NB-IOT UEs. If seen necessary, the eDRX features could be extended (e.g.: increase K value, or deterministic K based on traffic characteristic) for NB-IoT.

4 Annex A

eDRX agreements and computation of paging hyper frame and start position.
· Formula for computation of paging hyper frame: 

· H-SFN mod TeDRX= (UE_ID mod TeDRX) 

· UE_ID: IMSI mod 1024 

· TeDRX : eDRX cycle of the UE,  (TeDRX =1, 2, …, 256 in hyper-frames) and configured by upper layers
· The start of the paging window is uniformly distributed across 4 paging starting points within the Paging Hyper frame.   The time offset from the beginning of PH where the PTW starts is determined based on the following formula 
· SFN =  (1024/K)*ieDRX, 

where

· ieDRX = floor(UE_ID/TeDRX) mod K

· TeDRX = UE eDRX cycle configured by upper layers

· K = 4 

· The paging transmission window [PTW] is configured by MME via NAS [confirm SA2 agreement] 

· The UE monitors all paging occasions within the PTW unless a paging message is successfully received.   Short PTW (e.g. 5s) allows for the UE for battery consumption purposes.  
· From a RAN2 point of view it is beneficial to provide the eDRX cycle to the eNB. Primary reason is to relax the node synchronisation requirement. 
· RAN2 didn’t discuss the need for PTW. 
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