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1
Introduction
3GPP LTE has approved a new Rel.13 work item of narrowband IOT [1]. The objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA, which addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture. 

RAN2 aims to reuse as much as reasonable w.r.t. eMTC and eDRX enhancements with respects of NB-IoT MAC, RLC, PDCP and RRC [2]. Following were agreed regarding RA procedure [2] [3]:

· Contention-based random access should be supported for NB-IOT. 
· We assume that RACH configuration may be different per coverage level. 
· We assume that RACH multiple attempts shall be supported.
· We assume that RACH reattempts may be done on the same or different coverage level. 
· FFS the function split between RRC and MAC. Maybe the same split as for eMTC can be used. 
· We assume that we need to be careful to not trigger too many attempts. 
· There will be one or more thresholds that limit the number of attempts, MAX NUMBER OF ATTEMPTS or similar per coverage level. 
· MAC indicates random access problem to RRC layer, when MAC has exhausted all attempts for a RACH procedure. 
This contribution explains how RA procedure is performed for NB IoT.
2
Discussion
Two RA procedures are under discussion. “Non-preamble based” [4] (Section 7.3.4.5) or “packet based” RACH transmits RACH via PUSCH, while “preamble based” [5] reuses the legacy PRACH design and makes use of orthogonal preamble sequences. The study in [6] shows that the packet based RACH may experience higher collision probability and expects more specification effort. On the contrary, the preamble based RACH could meet the requirement of the battery and latency for NB IoT with minor revision to existing RA procedure, it may be considered as the starting point for RACH design.
As per the agreement [3], RACH configuration may be different per coverage level, the selection of the PRACH resource could be based on the coverage level which is decided by measurement. Up to three different NB-PRACH coverage levels (i.e. resource sets) may be configured in the cell. The resource sets are separately configured by the network. The RACH configuration may include following information:  

· PRACH preamble format

· The PRACH time configuration index, frequency index, preamble group, number of repetitions, and starting subframe
Proposal 1: Preamble based PRACH is adapted for NB IoT and UE selects PRACH resource set according to UE’s coverage level.
When a preamble is detected, the eNB will create an RAR to indicate the need for an uplink transmission, the size of which depends on the PRACH resource applied. Each RAR payload element consists of three distinct fields: Timing Advance, UL Grant and Temporary C-RNTI. The UL Grant field specifies PUSCH resource allocation for Msg3 transmission, NB-PDCCH resource for Msg3 retransmission and Msg4 transmission. The RAR MAC PDU is addressed to a RA-RNTI, the value of which is derived also from the PRACH resource. i.e., the starting subframe of preamble and other factors (which is under discussion under eMTC).
As analysed in [7], due to the 1PRB restriction, RAR transmission via NB-PDSCH without scheduling by NB-PDCCH may be beneficial to reduce the DL control signalling overhead and to increase the system capacity. In addition, to contain only one RAR record in the MAC RAR message could further decrease the complexity for blind decoding in UE and therefore improve the UE battery life.

Proposal 2: RAR is transmitted without scheduling by physical control channel and each RAR message contains one RAR record.
Each UE that generates a preamble during a given RACH opportunity will look for the corresponding RA-RNTI on the PDSCH during the associated RACH Response Window. The window size could be configurable by the network and it could be up to the network to balance expected random access load and the length of time that UE would have to monitor for RAR. When the window starts after the complete of Preamble transmission and the duration of the window could be associated with the coverage level.

To save UE battery and ease the implementation, that would be desirable that UE has knowledge when the RAR could be transmitted within the window, i.e., from which subframe, the RAR might be sent. Such pattern of the RAR occasion could be predefined, and UE only needs to monitor the potential RAR from each RAR occasion within the window.
Proposal 3: The RAR transmission pattern is preconfigured, UE blindly decode RAR from the RAR occasion within RAR window.
For the non-contention based RA procedure, the procedure is completed by successful transmission/reception of the RAR message. While for contention based RA procedure, after successfully decoding RAR within the RAR window, UE will send Msg3 to eNB containing unique UE identity and L2/L3 message depending on different situation. When the UE detects from Msg4 its C-RNTI through the PDCCH or a UE contention Resolution Identity MAC CE that is identical to the CCCH SDU previously transmitted, the UE considers the RA procedure successful. The HARQ is applied for Msg3 and subsequent messages, and the transmission of Msg3 and Msg4 could reuse eMTC solution, that 

· The scheduling of initial Msg3 is carried in UL Grant in RAR message which includes the MCS as well as the repetition required.
· The NB-PDCCH scheduling Msg3 retransition or Msg4 transmission is indicated in UL Grant in RAR message. 

· The repetition number(s) of Msg3 retransmission or Msg4 transmissions are indicated in the associated DCI.
Proposal 4: eMTC scheme is reused for Msg3 and Msg4 transmission.
RAN2 agreed that RACH multiple attempts shall be supported and may be done on the same or different coverage level just like how eMTC RA is performed. Thus, if no RA response is received within a certain time, or if the RA response is received but the matching identifier of the transmitted RA preamble is not included in the RA response, or if the contention resolution was not successful for the UE, the UE starts another attempt of the RA procedure from same coverage level. If attempts of the RA procedure fail consecutively for a certain number of times for a certain CE level other than the highest CE level, UE may move to higher CE level to start another round of RA attempt. After the maximum number of attempts is reached, the MAC layer reports this failure to the RRC layer. Notification to the RRC layer will eventually stop the ongoing RA procedure
Proposal 5: the eMTC similar RA failure handling is reused for NB IoT, that 
· The UE moves to the higher PRACH repetition level if it does not receive RAR or fails contention resolution after the allowed number of attempts of that level.
· MAC indicates RA failure to RRC after the maximum allowed number of attempts.

3
Conclusion
This contribution analysed the RA procedure for NB-IoT devices, we propose the following:
Proposal 1: Preamble based PRACH is adapted for NB IoT and UE selects PRACH resource set according to UE’s coverage level.
Proposal 2: RAR is transmitted without scheduling by physical control channel and each RAR message contain one RAR record.

Proposal 3: The RAR transmission pattern is preconfigured, UE blindly decode RAR from the RAR occasion within RAR window.
Proposal 4: eMTC scheme is reused for Msg3 and Msg4 transmission.
Proposal 5: the eMTC similar RA failure handling is reused for NB IoT, that
· The UE moves to the higher PRACH repetition level if it does not receive RAR or fails contention resolution after the allowed number of attempts of that level.
· MAC indicates RA failure to RRC after the maximum allowed number of attempts.
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