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1.	Introduction
In RAN#72, the work item [1] was agreed. It aims to improve Rel-13 NB-IoT with several enhancements/features. As part of the enhancements, the WID includes the following objective:
	Support transmission of NPRACH on a non-anchor NB-IoT PRB [RAN2,RAN4] 



RAN2 had an e-mail discussion to discuss RACH aspect and the followings are proposed as an outcome of e-mail discussion [95#40],   
	Proposal #6: Anchor carrier and non-anchor carrier(s) should be used for carrier selection in case of RRC_IDLE and RRC_CONNECTED
Proposal #7b: UE should randomly select DL carrier/UL carrier in available carriers considering load balancing in available carriers in case of RRC_IDLE
Proposal #10: UE reselects another carrier when UE fails to access on current carrier for X re-attempts in the same CE level.



In this contribution, we propose a carrier reselection with carrier based backoff mechanism. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]2.	Discussion
In LTE Random Access (RA) procedure, a backoff mechanism is used to control UE’s attempt for the RA. If RA fails, the UE applies the backoff time and the UE is not allowed to transmit a RA preamble (RAP) during a backoff time is applied. After delaying the subsequent RAP transmission, the UE starts from selection of RA resource and transmits a RAP.
In LTE, the reason of applying a backoff per UE even with multiple carriers is that LTE has not differentiated between multiple carriers from link quality or congestion point of view. In other words, if RA fails on a carrier, it is believed that there is no reason to try RAP transmission on another carrier immediately. Therefore, the UE waits for another chance to transmit a RAP while not transmitting a RAP on another carrier.
Observation: The legacy backoff mechanism is performed per UE 

In Rel-13 NB-IoT, the UE performs the RA procedure only on the anchor carrier. Hence, it was enough to apply the backoff mechanism per UE. 
However, in Rel-14, it was decided to support the RA procedure on multiple carriers, i.e., non-anchor carrier as well as anchor carriers. In supporting RA procedure on multiple carriers, it was pointed out that there is a need to distribute the UEs across multiple carriers because all Rel-13 NB-IoT UE transmit RAP only on the anchor carrier. This means that we start to differentiate multiple carriers from Rel-14 NB-IoT. Then applying the backoff to all carriers may not be desirable because RA failure on one carrier would have an impact to another carriers and prevent the UE from reselection another carrier for RAP transmission. In order to control each carrier independently, we would need to consider backoff mechanism per carrier. Applying a backoff per carrier means that when RA fails, the UE applies the backoff mechanism only on the carrier where the RA fails so that the UE can try another RAP transmission on another carrier.
Proposal 1: In Rel-14 NB-IoT, backoff mechanism per carrier should be considered given that RAN2 start to differentiate between multiple carriers.

In e-mail discussion [95#40], RAN2 discussed reselection of a carrier while it was focused on when to perform the carrier reselection, e.g., after X re-attempts, or switching to next CE level. However, it is also important to discuss how to perform the carrier reselection.
With Proposal 1, it is quite obvious that if a backoff is currently being applied to a carrier, the UE doesn’t use that carrier for RAP transmission until when the backoff time expires for that carrier. Accordingly, it is reasonable that the UE reselects a carrier to transmit a RAP by taking the backoff time of each carrier into account. In other words, when the UE reselects a carrier to transmit a RAP, the UE needs to consider only the carrier to which backoff time is currently not applied.
Proposal 2. When the UE reselects a carrier to transmit a RA Preamble, the UE reselect a carrier among the carriers to which backoff is currently not applied.

4.	Conclusion
In this contribution, we have discussed our views regarding the carrier reselection with carrier based backoff mechanism, and made the following proposals:
Observation: The legacy backoff mechanism is performed per UE 
Proposal 1: In Rel-14 NB-IoT, backoff mechanism per carrier should be considered given that RAN2 start to differentiate between multiple carriers.
Proposal 2. When the UE reselects the carrier on which the UE transmits a RA Preamble, the UE reselect the carrier among the carriers to which backoff is not applied.
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