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1 Introduction
In the revised WID “Revised WI: NarrowBand IoT (NB-IoT)” ([1]) which was approved in RAN #70 meeting, downlink and uplink numerologies were revised to:

· OFDMA on the downlink

· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 

· For the uplink

· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.

· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.

In RAN WG1 NB-IoT Ad-Hoc Meeting, the following agreements were achieved [2]:
· Use only preamble based PRACH for NB-IoT

· Msg3 sizes up to 64 bits at the physical layer can be supported under all conditions (Coverage, operation mode, and subcarrier spacing)

· Support one PRACH scheme for all MCL cases

In this contribution, we provide the design of initial random access procedure for NB-IoT.
2 Discussions

In the last RAN1 Ad-Hoc meeting, it is agreed that only preamble based PRACH is supported for NB-IoT. One of the major benefit of preamble based PRACH scheme is we can re-use all the defined random access procedures in Rel-13 eMTC therefore greatly reduce the standardization effort and time needed. In fact, these two systems are very similar in terms of limited bandwidth, coverage enhancement capabilities and requirement etc, therefore we should re-use all the defined procedures as much as possible.
Proposal 1: Rel-13 eMTC random access procedure shall be the base-line for NB-IoT.
2.1 PRACH
In the last RAN1 Ad-Hoc meeting, it is agreed that support one PRACH scheme for all MCL cases and further decided that single tone PRACH scheme is the working assumption. Based on this working assumptions, there is no multi-tone PRACH initiated from UEs. 

Similar to Rel-13 eMTC, for NB-IoT UE, three coverage enhancement levels (CEL) can be defined. CEL0,1,2 can be corresponding to eNB configured coverage enhancement target. For initial random access, UE of different CEL use separate resource configuration. Note in eNB can further configure resource dedicated for multi-tone capable UEs therefore these UEs ,such as difference sequences. Once using the configured resource , will be identified after the reception of PRACH so eNB can further schedule multi-tone MSG3 transmission for these UEs. The preamble selection by the UE can also be used to by eNB to decide the other scheduling configurations such as the size of Msg3 etc. The ability to configure such PRACH resource enables the eNB to meet various deployment requirement and scenarios and optimize the performance of random access process. This is an inalienable right of the network, and is entirely upto eNB discretion. 
UE selects CEL based on RSRP measurement, different CEL corresponds to different NB-PRACH resources. Based on NB-PRACH design in [3], UEs supporting multi-tone transmission will by default use multi-tone NB-PRACH if the resource is configured from eNB. If no multiple tone NB-PRACH resource is configured, UEs of same CEL will transmit single tone NB-PRACH.  
Proposal 2: For initial random access, UE selects CEL based on RSRP. Separate resources can be configured for different CEL
Proposal 3: eNB can also configured resources dedicated for UEs supporting multiple tone transmission.UE selection of these resources indicates support of multiple tone capability. 
2.2 RAR
After the reception of random access preamble, the eNB will transmit random access response (RAR) which has information such as time advance, scheduling information for Msg3, and temporary C-RNTI etc. Same as in Rel-13 eMTC, for NB-IoT, RAR transmission based on NB-PDCCH scheduling can be used. NB-PDCCH configuration can be pre-configured or indicated via system informations. The CSS design of scheduling DCI for RAR is discussed in the NB-PDCCH discussion paper [4]. The search spaces in different CE level are different as in Rel-13 eMTC.
The scheduling mechanism enables the eNB to pack multiple MAC RARs to one transmission and will greatly enhance the efficiency of RACH procedure. If RAR is transmitted without scheduling, the size of RAR message has to be fixed and this implies that only one MAC RAR can be contain in one RAR message. The use case of NB-IoT will be greatly reduced given the severe RACH capacity limitation. Beside, the configuration of RAR need to be further discussed and more standardization effort is required since no procedures from Rel-13 eMTC can be re-used.
Proposal 4: RAR is based on NB-PDCCH scheduling.  
2.3 Msg3
For initial random access, if by default all UE will use single tone Msg3, transmission delay of Msg3 need to be considered. As single tone Msg3 has to support same TB size as for multiple tone Msg3, the delay requirement will be much higher since multiple subframe transmission has to be used. With Msg3 HARQ mechanism, the problem could be even more serious. For UEs in good coverage, if Msg3 is limited to single tone transmission, the whole RACH procedure will be unnecessarily prolonged. From the perspective of both system efficiency and UE power consumption, this is not preferred. Therefore it is suggested not all UE will be using single tone Msg3.
Through UE selection of NB-PRACH resource, implicit indication of Msg3 single tone or multiple tone transmission can be achieved. UE supporting multiple tone transmission shall adopt multiple tone Msg3, thus it can reduce transmission delay and quicken the random access process. If a certain UE select single tone NB-PRACH, by default this indicates that UE only support single tone transmission therefore it will use single tone Msg3.
Proposal 5: Multi-tone Msg 3 is supported and will be used for UEs selecting multi-tone resource for NB-PRACH.. 
2.4 Msg4 

eNB will transmit Msg4 after the transmission of Msg3 is received. Msg4 shall also be a NB-PDCCH scheduled unicast transmission. Similar to Rel-13 eMTC, the CE level of NB-PDCCH scheduling Msg4 is based on the CE level of preamble. 

Proposal 6: NB-IoT Msg 3 and Msg 4 transmission will re-use Rel-13 eMTC mechanism. 
3 Conclusions
In this contribution, we have discussed initial random access procedure for NB-IoT. We make the following proposals:
Proposal 1: Rel-13 eMTC random access procedure shall be the base-line for NB-IoT.
Proposal 2: For initial random access, UE selects CEL based on RSRP. Separate resources will be configured for different CEL 
Proposal 3: eNB can also configured resources dedicated for UEs supporting multiple tone transmission; UE selection of these resources indicates support of multiple tone capability. 
Proposal 4: RAR is based on NB-PDCCH scheduling.

Proposal 5: Multi-tone Msg 3 is supported and will be used for UEs selecting multi-tone resource for NB-PRACH. 
Proposal 6: NB-IoT Msg 3 and Msg 4 transmission will re-use Rel-13 eMTC mechanism. 
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