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Introduction
In the approved work item (WI) on Rel-14 enhancements for NB-IoT [1] one of the WI objectives is the following:
Non- Anchor PRB enhancements

· Support transmission of NPRACH on a non-anchor NB-IoT PRB [RAN2,RAN4] 
· Support transmission of paging on a non-anchor NB-IoT PRB [RAN2, RAN1,RAN3]
 
In the RAN2#95bis, the followings have been agreed for paging [2]:
· The DRX cycle (defaultPagingCycle) is common for all carriers configured for paging.
· The number of NPDCCH repetitions (npdcch-NumRepetitionPaging) is configured per carrier.
· Nb is common for all paging carriers.
· Uneven paging load distribution between anchor and non-anchor carriers is supported. Weighted distribution between all carriers (Option d)
· CE level based carrier selection (i.e. where the UE selects paging carrier based on its current CE level) is not supported.

This contribution will discuss the remaining open issues from RAN1 perspective on how to support paging on non-anchor carriers.
[bookmark: _Ref178064866]Discussion
Capability indication
In order for the eNB to know whether it should page a UE on the anchor carrier (Rel-13 UE) or possibly on a non-anchor carrier (Rel-14 UE) the following agreement has been made [3]:
· 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. 

From RAN1 perspective, since multi-carrier operation is supported since Rel-13, there is no foreseeable impact to have all the Rel-14 NB-IoT UEs to monitoring paging on the non-anchor carriers. However, what remains to be determined is the format of this indication in the paging message from MME to eNB. There will only be significant gains from distributing the paging load also over non-anchor carriers if it is supported by a majority of the UEs (and additionally there is no associated complexity increase for the UEs). However, we also understand that it can be challenging and restrictive to have the feature mandatory and instead having it as a UE capability would relax implementation and testing. As an alternative the non-anchor paging feature could be mandatory but an IOT-bit introduced such that it would not have to be implemented immediately. 
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Paging carrier re-selection
Since it is not clear to eNB in which carrier a UE would monitor paging it has been agreed in RAN2 that [2]:
· CE level based carrier selection (i.e. where the UE selects paging carrier based on its current CE level) is not supported.

However, from network perspective it could be of interest to move UEs which are in high CE-levels to monitor paging in another carrier, i.e. to move them to a DL power boosted carrier, or to collect these UEs in one carrier in order to better multiplex paging messages, etc. From a UE perspective it could also be of interest to be moved to a more favorable carrier (e.g. power boosted carrier, or a better carrier when stuck in constant fading dip) to decrease the number of repetitions for NPDCCH and NPDSCH (see next section). This could be achieved by dedicated RRC re-configuration. That is, UEs are assigned to paging carrier based on UE_ID upon entering the cell, but later individual UEs can be re-configured to another paging carrier by the eNB. This could for example be in Msg4 or upon RRC Connection Release (in a manner similar to re-direct). 
[bookmark: _Toc462652856][bookmark: _Toc462652874][bookmark: _Toc462652918][bookmark: _Toc462654808][bookmark: _Toc462957017][bookmark: _Toc462959660][bookmark: _Toc463036480][bookmark: _Toc463037276][bookmark: _Toc465259654][bookmark: _Toc465433039][bookmark: _Toc465672381][bookmark: _Toc465675388][bookmark: _Toc465675617][bookmark: _Toc465675659][bookmark: _Toc465751900]Send LS to RAN2 to suggest that RRC configuration is introduced to allow the eNB to assign a UE to another paging carrier than that selected based on UE_ID.
The dedicated paging carrier would reasonably be used only in the same cell and upon cell re-selection the UE would again select a paging carrier based on UE_ID. The dedicated paging carrier would be valid until the subsequent RRC Connection Setup, independent of whether it is done in the same or another cell. This will ensure that there is never any mismatch between the paging carrier monitored by the UE and the corresponding carrier stored in the MME. The MME would store the dedicated paging carrier for this specific cell, similar to how the last known CE-level is stored and appended in the paging message. The eNB would e.g. upon every release indicate which carrier the UE should monitor paging in until its next RRC Connected session (this is needed to avoid paging carrier mismatch if the UE leaves the cell and later returns, at least if the MME should not be required to store the paging carrier for several cells for a single UE).
The RRC configuration of paging carrier would further give full network control and make multi-PRB more future proof, i.e. if paging distribution needs to be done on other basis than CE-level like future needs or unforeseen use-cases.
UE Idle mode measurement 
For Rel-13 UEs, since the non-anchor information is only provided via RRC setup, all the Rel-13 UEs would not be able to monitor the non-anchor carriers in RRC idle mode. It is beneficial to have the same UE behaviour for the Rel-14 UEs. In this way, the network optimization done based on the Rel-13 network assumption can be directly applied when introducing Rel-14 UEs to the system. 
Observation 1	From the network point of view, it is beneficial to have a similar UE behavior of Rel-13 and Rel-14. 
Furthermore, since the NB-IoT anchor carrier for the inband operation is power boosted, it offers better coverage than the non-anchor carriers. Therefore, if a UE’s paging occasion (PO) in on a non-anchor carrier, it is preferred that a UE can do the measurement on anchor carriers to obtain frequency and timing sync when it wakes up from DRX or eDRX, and then switch to non-anchor carriers to monitor its PO. Not only the UE can gain frequency and timing sync much quicker from anchor carriers, but also helps the UE to save its battery. 
Moreover, from previous studies, the re-tuning time is around 2 symbols for the low cost eMTC UEs. Due to the low cost of NB-IoT UEs, the re-tuning time can be longer. From the Rel-13 NB-IoT studies, the understanding is for a half-duplex NB-IoT UE, 3 ms is needed between UL transmission to DL reception. And therefore, the expected re-tuning time from monitoring one DL carrier to another DL carrier should be much smaller. And since the UE always need to wake up earlier before it’s PO to gain frequency and time synchronization, monitoring the anchor carrier would not result in increasing of UE complexity nor power consumption. 
[bookmark: _GoBack]Observation 2	As it is usually fast to obtaining frequency and timing sync from the anchor carrier, and the expected re-tuning time is small, the using of anchor carrier is preferred for idle mode measurement. 
For UE cell re-selection, as the UE needs to compare its measured RSRP with a given threshold in the SIB1, and if the measured RSRP is below the threshold, the UE begins to measure neighbouring cells. Currently, since the power offset between anchor and non-anchor carriers are given in RRC specific message, the UE cannot simply measures the RSRP on the non-anchor and compare with the given threshold in the SIB1. Moreover, for the neighbouring cell measurement, since NPSS and NSS only present on the anchor carrier, when the UE measures neighbouring cell quality, it can only measure the anchor carrier in the neighbouring cell. Science the anchor carrier is the one has the best coverage, which offers good measurement accuracy, it is good for the UE to perform idle mode mobility measurement on the anchor carriers when comparing the RSRP thresholds among its serving cell and neighbouring cells. That is saying, the UE does not need to measure RSRP on the neighbouring cell non-anchor carriers which it might be paged on after the cell re-selection. 
For REL-14NB-IoT, RRC_IDLE mode mobility measurement, i.e., RSRP and RSRQ measurement in RRC_IDLE mode, is performed on the anchor carrier only.

Conclusion
Based on the discussion in section 2 have the following observations and proposals:

Observation 1	From the network point of view, it is beneficial to have a similar UE behavior of Rel-13 and Rel-14. 
1. An IOT capability bit for the UE capability to be paged on a non-anchor carrier can be introduced. 
1. Send LS to RAN2 to suggest that RRC configuration is introduced to allow the eNB to assign a UE to another paging carrier than that selected based on UE_ID.
1. For REL-14NB-IoT, RRC_IDLE mode mobility measurement, i.e., RSRP and RSRQ measurement in RRC_IDLE mode, is performed on the anchor carrier only.
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