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1. Introduction
As part of the enhanced NBIoT in Release-14 WID [1] one of the objectives is:
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]

This contribution discusses this objective of the WI.
2. Support transmission of NPRACH on a non-anchor NB-IoT PRB
The radio resource in NBIoT anchor carrier is very limited because it contains NB-PSS/SSS, NB-PBCH and all the broadcast messages. Thus particularly for the UP solution which supports more user plane traffic, to keep the UE in the anchor carrier may not be optimal from the resource utilization point of especially if there are large number of UEs supported by the cell.
For REL-13 NBIoT the overhead of NB-PRACH and related downlink channels will be increased almost linearly with the number of PRB carriers because all the initial access procedure is done through the anchor PRB and the more PRB carriers there are then the more the overhead is. One of the consequences is that many devices will be transferred to another PRB carrier during/after initial access procedure, which wastes precious resources. Another consequence is network needs access control and congestion control carefully on anchor PRB because all the devices access the NB-IoT system through only one access point.

In REL-14 we will specify that NB-PRACH and related downlink channels are also configured on other PRB carriers. After cell search procedure and acquiring all the system information UE can choose one of the PRB carriers to monitor its NB-Paging message. Thus it is proposed that at least the configuration of NB-PRACH is done using extension to existing SI signalling and specifically SIB1.

Proposal 1: One or more NB-PRACH PRB carrier(s) are configured by NB-SIB1
One or more NB-PRACH PRB carrier(s) are configured by NB-SIB1. Different NB-PRACH PRB carriers can be configured for different coverage levels. For a NB-IoT UE, PRB carrier for NB-PUSCH is same as that for NB-PRACH.  
When the UE wants to send the RACH preamble it chooses the PRB carrier based on its coverage level (if configured to). This PRB carrier could be any of the PRB carriers. This means UE is already distributed in RRC_IDLE state but not after initial access procedure. Of course to redistribute UE during/after initial access procedure is still feasible if it is necessary e.g. some PRB carrier need shift load to another PRB carrier. 
Proposal 2: The control signalling for the NB-PRACH to schedule on a different NB-IoT carrier is based on the SI of the anchor NB-IoT carrier
The current PRACH partitioning itself is a problem which may cause a shortage of PRACH resources as the initial partitioning for a cell may not always lead to the best use of all the available PRACH resources. To use the resources in the most efficient way it is proposed that similarly for the anchor carrier PRACH resources the PRACH resources for the non-anchor carrier are for different coverage levels. Therefore if configured, the non-anchor NB-PRACH PRB carriers can be used for different coverage levels to the anchor carrier
Proposal 3: Different NB-PRACH PRB carriers can be configured for different coverage levels
Thus the UE can choose PRB carrier to launch RACH procedure based on its coverage level. Typically it is expected that the NB-paging message can also be carried on the non-anchor carrier that the UE is configured to use as the carrier for PRACH transmission.
Proposal 4: The UE can choose one of the PRB carriers to monitor its NB-Paging message
Devices with Adaptive Coded Random Access (ACRA) use multiple consecutive preamble transmissions in each RA attempt, effectively expanding the orthogonal preamble space and reducing probability of collision. ACRA dynamically determines how many preambles should be used based on load conditions, and can support high access intensity scenarios that LTE cannot. Performance results [2] show that, in such scenarios, LTE’s RA success is in single figures, whereas ACRA has over 95% success with an average time delay of 30ms, by only using less than 20 preambles. ACRA can also effectively isolate different traffic classes by assigning them disjoint preamble subsets of varying sizes.
The root-cause of the contention of PRACH resources is the high collision probability caused by the limited orthogonal preamble space. Making multiple preamble transmissions has the potential to reduce collision probability, yet it has a code ambiguity problem. ACRA makes it possible to separate the whole preamble set of available preambles into preamble subsets, where devices use a specific preamble subset based on their device profiles and coverage characteristics without sacrificing collision probability.
Proposal 5: The NB-PRACH PRB carrier can be configured to use different PRACH resources including Adaptive Coded Random Access (ACRA) [2]
The NB-PRACH preambles can be divided into subsets, each of which is assigned to different traffic classes in order to isolate the NB-PRACH access attempts from devices generating traffic flows of these different classes. This would avoid the congestion caused by a peak in access load from one traffic class diversely affecting others, as different traffic classes will hence be using mutually exclusive sets of preamble signals in NB-PRACH access. 
To eliminate the potential issue of higher logical collision probability caused by using only a preamble subset (instead of the whole preamble subset), at times of congestion (congestion to be monitored for different traffic classes separately), devices can make multiple preamble transmissions, where the sequence of preambles are to be interpreted as a random access code.
In order to not suffer from code ambiguity issues caused by a randomly selected preamble subset size, the preamble subset size used by a traffic class can be modified adaptively, based on the access intensity generated by that traffic class, as observed by the eNodeB, where access intensity is defined as the number of simultaneous access attempts to NB-PRACH from different devices (belonging to a particular traffic class) during a random access subframe time  (For instance, in current PRACH configuration 6 of LTE-A, there are 2 subframes dedicated for PRACH access). 

Since the eNodeB can only observe the number of distinct (different/unique) preambles at each RACH instance, the access intensity (number of devices accessing NB-PRACH) can be estimated probabilistically, based on the number of received distinct preambles. Such estimation can be based on the average value of the number of distinct preambles over the multiple preamble transmissions, when a sequence of preambles are used at each RACH instance as codewords. 
The estimated access intensity can be refined by keeping a history of estimation values and then applying simple pattern recognition techniques to predict next values of such access intensity levels.
The adaptation of the number of preambles (preamble subset size) could be performed algorithmically by the eNodeB, based on the predicted access intensity for upcoming RACH instances, and separately for each traffic class. 
The adapted value of the preamble subset size for a specific traffic class could be delivered to devices that belong to that traffic class via System Information Block 2 (SIB2) announcements, or similar, dedicated for announcement of NB-PRACH configuration values. To identify the specific traffic classes, ID values can be assigned to different classes, along with the starting index of the preamble subset as well as the subset size, to be used by that traffic class.

The NB-PRACH operation can operate in two modes: 1) ACRA, where multiple transmissions are performed to deliver codewords by devices of each traffic class, 2) LTE-A mode, where devices follow LTE-A’s PRACH access scheme and transmit only a single preamble. The ACRA mode is to be used when the eNodeB predicts a sufficiently high access intensity, or has monitored such high intensity recently, whereas the LTE-A mode is to be used when access intensity is low. The eNodeB can announce the beginning and ending frame times for the ACRA mode for a particular traffic class. Different traffic classes may be operating in one of these two modes at the same time. In LTE-A mode, estimation of access intensity is to be performed based on the number of distinct preambles observed by the eNodeB during the single preamble transmission that takes place at a RACH instance.
3. Conclusions
Proposal 1: One or more NB-PRACH PRB carrier(s) are configured by NB-SIB1

Proposal 2: The control signalling for the NB-PRACH to schedule on a different NB-IoT carrier is based on the SI of the anchor NB-IoT carrier
Proposal 3: Different NB-PRACH PRB carriers can be configured for different coverage levels

Proposal 4: The UE can choose one of the PRB carriers to monitor its NB-Paging message
Proposal 5: The NB-PRACH PRB carrier can be configured to use different PRACH resources including adaptive Coded Random Access (ACRA)
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