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1.
Introduction
According to the WID [1] of enhancements of NB-IoT, RAN2 are planning to do some enhancements on Non-Anchor PRB. One of the enhancements is to support transmission of NPRACH on a non-anchor NB-IoT PRB. We discuss two possible approaches for this non-anchor NB-IoT PRB enhancement in this paper.
2.
Discussion
As defined in TS 36.331, release 13 NB-IoT UE can belong to one of three different coverage levels. Each of coverage level has its own NPRACH resource configuration set in anchor PRB. It means that eNB has to allocate multiple independent NPRACH resources in a time for serving NB-IoT UEs base on the coverage levels it provide to be served. In addition, an important feature on NB-IoT is that the all of the uplink and downlink transmission behaviour may repeats for a while in order to against coupling loss. For example, the preamble transmission needs to be consecutively repeats by NB-IoT UE, in deep coverage level, can up to 128 times. Hence, the NPRACH resources will occupy anchor PRB for a longer period of time than legacy LTE UE which transmits preamble only one time per attempt. 
RAN2 are now plan to solve this crowded resource occupation problem described above by supporting transmission of NPRACH on a non-anchor PRB. But before our first step of this work, we need to clarify the scope of transmission NPRACH on a non-anchor PRB more clearly. Transmit NPRACH on a non-anchor PRB stand for the non-anchor PRB will provide NPRACH resource. But once all of the NB-IoT UEs move their random access attempt from anchor PRB to non-anchor PRB, the crowded resource occupation problem will also be recurred in the non-anchor PRB. Hence, we suggest that in release 14 NB-IoT, the non-anchor PRB play a role as offload part of random access traffic from anchor PRB but not be responsible for accommodating all of the random access attempts.
Proposal 1: Both Anchor and Non-anchor PRBs serve NPRACH resources and share the random access traffics.
Non-anchor PRB offload part of random access traffic from anchor PRB can have two different approaches. 

Approach I: 
NB-IoT UE performs random access procedure across NPRACHs on anchor and on non-anchor PRBs. 
As shown in figure 1, all NB-IoT UEs initiate their random access procedure on anchor PRB, and then eNB can offload part of NB-IoT UEs to non-anchor PRBs during the random access procedure. For example, eNB uses random access response message to inform the collided NB-IoT UE or the NB-IoT UE in specific coverage level to retry their random access attempt on specific non-anchor PRB(s). In this approach, anchor PRB can dynamic offload NB-IoT UE according to its traffic load and the NPRACH resource allocation on non-anchor PRB can be more accurately. But few disadvantages will come over, such as NB-IoT UE will probably waste energy on trying their random access attempt on anchor PRB. And since all NB-IoT UEs transmit their first random access preamble on anchor PRB the collision probability of the NPRACH on anchor PRB will be high. In opposite, eNB uses random access response message to grant the successfully detected NB-IoT UE an uplink resource on specific non-anchor PRB(s) for transmitting Msg3. However, cross carrier scheduling is a restriction in release 13.


[image: image1.emf]RA Preamble

RA Response

(specific non-anchor PRB)

RRC Connection Setup

RRC Connection Request

eNB

AnchorPRB

NB-IoT UE

eNB

Non-AnchorPRB

RA Preamble

RA Response

(Grant for RRC Connection Request)


Fig 1. NB-IoT UE performs random access procedure across NPRACHs of different PRB
Approach II:
NB-IoT UE performs overall random access procedure within one of NPRACHs on anchor or non-acnchor PRBs. 
As shown in figure 2, eNB broadcasts the PRB choosing criteria or the PRB assignments, NB-IoT UEs choices or being assigned to one of PRBs, and then performs overall random access procedure in the NPRACH on that PRB. In NB-IoT, a very high ratio of radio resources is often occupied by the repetitions of transmission. Since the length of NPRACH period is proportional to the number preamble repetitions, and the number of preamble repetitions is proportional to coverage level, the NPRACH of higher coverage level will occupy the PRB for longer time. Since non-anchor PRB do not need to serve NPSS, NSSS and NPBCH, the resource availability of non-anchor PRB is normally higher than anchor PRB. So it has advantage on letting eNB has the flexibility of arrange NPRACH of different coverage level to different PRBs. For example, only keep NPRACH of lowest coverage level on anchor PRB and arrange the NPRACH of remaining coverage level to non-busy PRB. Or simply eNB uniformly assign NB-IoT UEs to all of NPRACH on each PRB.
Proposal 2: eNB arranges NB-IoT UE to different PRBs according to its coverage level.
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Fig 2. NB-IoT UE performs random access procedure in one NPRACHs of a PRB
3.
Conclusion
In this contribution, we discuss two possible approaches for non-anchor NB-IoT PRB enhancement of supporting transmission of NPRACH and have the following two proposals.
Proposal 1: Both Anchor and Non-anchor PRBs serve NPRACH resources and share the random access traffics.
Proposal 2: eNB arranges NB-IoT UE to different PRBs according to its coverage level.
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