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1 Introduction
In RAN#72 plenary meeting, the WID for enhancement of NB-IoT was agreed, and the following is one of the objectives [1]:

 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 this contribution, we discuss some considerations for paging on non-anchor PRB from RAN1 perspective.

2 Discussions
In Rel-13 NB-IoT ,  multiple PRB concept was introduced and supported  for in-band, guard-band operation modes. The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions. However, the paging message is restricted to carried on the anchor carrier.  To obtain more resource for paging, non-Anchor carriers are supported to transmit paging message in RAN #72. 
Similar to paging, the capacity of NPRACH is another bottleneck limiting the capacity of NB-IoT. In Rel-13, All NB-IoT Rel-13 UEs in a cell will carry out their RA procedure on the anchor carrier. Since in some scenarios there might only be a limited amount of Rel-13 UEs in a specific cell, it is agreed to allow Rel-14 UEs to perform the RA procedure both on the anchor and on non-anchor carriers. 
It could be possible to configure different carriers separately for UL transmission and DL transmission during the initial random procedure. However, it is not evident that such complex configuration will bring what particular gain. Nonetheless, in RAN2 #95, the following was agreed:

· Support the transmission of NPRACH on a non-anchor carrier in the case of initial access from RRC_IDLE and in the case of RRC connection re-establishment procedure.
· Support the transmission of NPRACH on a non-anchor carrier in the case of PDCCH order and in the case of UL transmission during RRC_CONNECTED requiring random access procedure.

· The network broadcasts the non-anchor carrier RACH resource configuration (BCCH is currently on anchor carrier)

· During the RA procedure including Msg1/Msg2/Msg3/Msg4 (one attempt), it is sufficient to use one and the same UL carrier (for Msg1/Msg3) and one and the same DL carrier (for Msg2/Msg4).

· If no dedicated configuration (physicalConfigDedicated-NB) is provided to the UE in Msg4, the UE remains on the UL carrier where Msg1/Msg3 was transmitted and on the DL carrier where Msg2/Msg4 was received.

Several remaining issues remains. Firstly , UEs that are able to perform the RA on non-anchor carriers need to know about the configuration of such carriers , such configuration shall be broadcasted together with other system information. When configuring the NPRACH for each UL carrier, there are three possible methods related to NPRACH configuration as following:

· The same NPRACH configurations are used by all NB-IoT UL carriers for which random access is allowed  
· One NPRACH configurations  for anchor carrier and another NPRACH configurations  for non-anchor carrier
· Each carrier has its own NPRACH configuration
The signaling overhead needed is increasing, with the third method requiring the largest amount of configuration information. However, with separate NPRACH configuration per carrier, it is possible for the eNB to configure different carrier for RACH procedure of different coverage level. The eNB could have different power boosting factor on different carrier. Non-anchor carrier with different power boosting factor can be used to support UE of different coverage level therefore the added flexibility of NPRACH configuration will enable this possibility. However the cost of this is this will increases the SIB signaling overhead. Considering the capacity of the SIB the coverage it needs to support, option 2 seems to be a good tradeoff. 
Proposal 1:   The eNB shall be able to  have different NPRACH configuration for UL non-anchor carriers and UL anchor-carrier, e.g. , one NPRACH configuration  for anchor carrier and another NPRACH configuration  for the other non-anchor carriers
To support the transmission of NPRACH on a non-anchor carrier in the case of PDCCH order, RAN1 needs to decide if the carrier that is chosen for PDCCH order transmission shall be the same carrier as the PDCCH order, or it can be any carrier configured. Choose the same carrier as the PDCCH order transmission for NPRACH will require small signaling overhead, while signaling the NPRACH carrier in the PDCCH order will give eNB more flexibility. Given the fact that RAN2 already decide that different UL and DL carrier can be used during  contention based RACH procedures, we propose that PDCCH order can designate the non-anchor/anchor carrier to be used for NPRACH transmission.
Proposal 2:   For NPRACH transmission trigger by NPDCCH order, the UL carrier index used for NPRACH transmission is indicated in NPDCCH order.
3 Conclusions
In this contribution, we have provided some analysis for the remaining issues to support multiple PRB for NB-IoT from RAN1 perspective. We make the following proposals:

Proposal 1:   The eNB shall be able to  have different NPRACH configuration for UL non-anchor carriers and UL anchor-carrier, e.g. , one NPRACH configuration  for anchor carrier and another NPRACH configuration  for the other non-anchor carriers
Proposal 2:   For NPRACH transmission trigger by NPDCCH order, the UL carrier used for NPRACH transmission is indicated in NPDCCH order.
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