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1 Introduction
At RAN2#95 Paging on non-anchor carriers was discussed and the following agreements were captured in the session report[1]:

	Non- Anchor PRB enhancements
· NB-IoT system information includes a list of carriers which can be used for paging.
· We assume that the existing paging frame and subframe calculations in 36.304 are reused.
· The paging procedure for Rel-14 is the same as for Rel-13, i.e. the paging message on NPDSCH is scheduled by NPDCCH.
· When paging is done on non-anchor carriers both the NPDCCH and the NPDSCH is received on the same non-anchor carrier.
· When paging is done on non-anchor carriers both the NPDCCH and the NPDSCH is received on the same non-anchor carrier. 

· In order for the eNB to know if a UE can be paged on a non-anchor carrier some information needs to be provided from the MME as part of the paging message.



Along with the agreements there is still a list of open issues, including topics such as configuration, paging carrier selection, unfair treatment of UEs.
In this contribution we further discuss some open issues upon Paging on non-anchor carriers, and give our considerations.
2 Discussion
2.1 Paging Configuration

Configuration for paging in NB-IoT is provided by the following system information parameters in SIB2 defined in 36.331[2] as:

PCCH-Config-NB-r13 ::=




SEQUENCE {


defaultPagingCycle-r13




ENUMERATED {rf128, rf256, rf512, rf1024},


nB-r13








ENUMERATED {













fourT, twoT, oneT, halfT, quarterT, one8thT,













one16thT, one32ndT, one64thT,












one128thT, one256thT, one512thT, one1024thT,












spare3, spare2, spare1},

npdcch-NumRepetitionPaging-r13


ENUMERATED {












r1, r2, r4, r8, r16, r32, r64, r128, 













r256, r512, r1024, r2048, 













spare4, spare3, spare2, spare1}

}

In eMTC, all the Paging Narrowbands share the same configuration for paging cycle, nB and number of repetitions. But for NB-IoT, the output power and downlink resource for paging are different among the carriers. The output power will affect the downlink repetitions, so the number of NPDCCH repetitions should be configured independently. The parameter nB is related to the interval between POs. We cannot see the necessity to configure nB per carrier to avoid the overlap problem. The DRX cycle (defaultPagingCycle) is a cell level parameter and is not affected by different carriers. Thus, nB and DRX cycle should be configured to a common value.
Proposal 1: The parameter nB and DRX cycle are common for all NB-IoT paging carriers.
Proposal 2: The parameter NPDCCH repetitions is set independently for all NB-IoT paging carriers.
2.2 Paging Carrier Selection
Some proposals were raised at RAN2#95 in August that CE level differentiated paging between PRBs would be considered. However a UE in idle mode will not report CE level changes to the eNB, therefore the eNB or CN cannot have accurate UE CE level. This mismatch between eNB/CN and UE regarding the coverage level will cause paging message lost. A possible method to address this problem is that eNB will page UE on all carriers after the previous paging failure. But it is quite wasteful of downlink resource especially for the UE is in extremely poor coverage. It has already been agreed at RAN1#86 that a Rel-14 UE selects paging carrier based on UE_ID [3], so CE-level based carrier selection for paging should not be supported.
Proposal 3: CE-level based carrier selection for paging is not needed.
As discussed at RAN2#95, if Rel-14 UEs reuse the eMTC formula for paging narrowband selection, the Rel-14 UEs will evenly distribute on all carriers (including anchor) based on UE ID, while Rel- 13 UE can only receive paging on the anchor carrier. This will make the anchor carrier overloaded in some cases as it may be used for both Rel-13 UEs and Rel-14 UEs. To deal with this problem, a simple and efficient method can be used, a 1 bit on/off indication in system information indicates whether the anchor carrier will be used for paging Rel-14 UEs which is taken into considering when selecting a carrier.
Proposal 4: A 1 bit indication in system information is used to indicate whether the anchor carrier can be used for Paging.  
From RAN1 agreements, it is assumed that power boosting can be configured on any carrier. It means different carriers may have different output powers. If the IMSI is used to select Paging carrier as eMTC does, it will make some UEs always select the carrier without power boost. These UEs will suffer from increased power consumption and become the “unfair treatment” UEs. 
If there are N paging carriers and there is only one carrier with TX power boost, then the UE will receive paging from the paging carrier with TX power boost 1/N percentage of the time and will receive paging from paging carrier without TX power boost in (1 - 1/N) percentage of the time. The bigger N and the smaller power consumption gain brought from fair treatment of UE.

Observation 1: Concerning the unfair power consumption issue, a semi-static method is enough to deal with the unfair issue. If the number of paging carriers is large, any method cannot gain much for the battery life.
If the UE is mobile then the coverage level and/or serving cell will change frequently, so there is no unfair treatment issue for this kind of UEs.

If the UE is a stationary UE with a large eDRX cycle, the power consumption of paging only takes a small proportion of the UE power consumption, so the unfair treatment does not impact for this kind of UE very much. 
If the UE is a stationary UE with a small eDRX cycle, the power consumption of paging takes a larger proportion of the total power consumption and it is assume that this kind of device does not have the very long battery life requirements, or larger batteries already to account for this.
Observation 2: The unfair treatment problem only make sense for stationary UEs with smaller eDRX cycles.
Considering observation 2, we don’t believe there is a need to design a new solution for this kind of UE. While if RAN2 think it is a problem need to be addressed, then a suitable solution needs to be further studied.
3 Conclusion
In this contribution we make the following proposals to support paging in non-anchor carriers:

Proposal 1: The parameter nB and DRX cycle are common for all NB-IoT paging carriers.
Proposal 2: The parameter NPDCCH repetitions is set independently for all NB-IoT paging carriers.
Proposal 3: CE-level based carrier selection for paging is not needed.

Proposal 4: A 1 bit indication in system information is used to indicate whether the anchor carrier can be used for Paging.  
Observation 1: Concerning the unfair power consumption issue, a semi-static method is enough to deal with the unfair issue. If the number of paging carriers is large, any method cannot gain much for the battery life.
Observation 2: The unfair treatment problem only makes sense for stationary UEs with smaller eDRX cycles.
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