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1 Introduction

At RAN1#84, the following agreements were reached (see [1]):
Agreements:

· The following numbers of NB-PRACH repetitions are provided in the specifications:  

· {1, 2, 4, 8, 16, 32, 64, 128}

· eNB can configure up to 3 numbers of NB-PRACH repetitions from the above set

Agreement: 

· Multi-tone Msg3 is supported

· RAN1 specifications will support the existence of UEs that do not support multi-tone Msg3 

· The specifications support the possibility for the UE to indicate whether it supports multi-tone Msg3 by NB-PRACH resource selection

· A NB-PRACH resource is defined at least by at least time-frequency resource, and possibly (FFS) one of more of:

· NB-PRACH sequence

· NB-PRACH hopping pattern

· Each NB-PRACH resource also has a repetition level configured 

· For at least one number of repetitions of NB-PRACH, multi-tone Msg3 transmission is not allowed by the specifications

· The UL grant for both Msg3 and PUSCH indicates the subcarrier(s) to be used 

· Subcarrier spacing is indicated:

· For Msg3:

· in RAR 

· Subsequent NB-PUSCH transmissions:

· Follow RAR always
Agreements:

· The start of UL A/N transmission is >=12ms later than the end of the corresponding NB-PDSCH transmission 

· The start of NB-PUSCH transmission is >=8ms later than the end of its associated NB-PDCCH transmission

This document provides some further considerations on the physical layer aspects of NB-IoT random access procedure.
2 UE support for multi-tone Msg3 transmission
One remaining issue on random access is how to support multi-tone Msg3 transmission by NB-PRACH resource selection, if an operator wishes to obtain this information from NB-PRACH. 
In [2] NB-PRACH resource configuration is proposed to be defined by time domain and frequency domain parameters. Each NB-PRACH resource configuration has an associated number of NB-PRACH repetitions. It is proposed that one of the NB-PRACH resource configurations in a cell can be such that any NB-PRACH transmission using this configuration indicates UE support for multi-tone Msg3 transmission. For example, there could be 4 NB-PRACH resource configurations, based on repetitions {2, 2, 32, 128}, and the first configuration is for the indication of UE support for multi-tone Msg3 transmission.
Further, since multi-tone transmission is mostly expected to be scheduled for UEs in normal coverage, it is expected that the above special NB-PRACH resource configuration could be based on a restricted small subset of repetitions, e.g. {1, 2, 4, 8}.
To cover the case that an operator does not wish to partition NB-PRACH for e.g. capacity reasons; or where a multi-tone capable UE chooses one of the single-tone NB-PRACH resources anyway, RAN#71 provided an interoperability testing (IOT) bit to signal UE support of multi-tone transmission.

Proposal 1: One NB-PRACH resource configuration can be indicated to be such that any NB-PRACH transmission using this configuration indicates UE support for multi-tone Msg3 transmission. 
Proposal 2: If there is no NB-PRACH configuration for indicating UE support of multi-tone Msg3 transmission, the maximum number of NB-PRACH resource configurations in a cell is 3. Otherwise, the maximum number of NB-PRACH resource configurations in a cell is 4.
Proposal 3: Consider limiting any NB-PRACH resource configuration that indicates UE support for multi-tone Msg3 transmission, to NB-PRACH repetitions of1, 2, 4, and 8.
3 Timing relationship for random access
For NB-PRACH transmission following a NB-PDCCH order, the timing relationship for NB-PDCCH -> NB-PUSCH can be reused, i.e. the start of NB-PRACH transmission is >=8ms later than the end of its associated PDCCH order.

For Msg3, the timing relationship for NB-PDSCH -> ACK/NACK can be reused. However, the payload size of RAR is expected to be much smaller than the maximum TBS of 680 bits. It is reasonable to loosen the restriction from 12 ms to 8 ms which results in the following timing relationship.
· If the UL delay in the RAR is set to 0, the start of Msg3 transmission is >=8ms later than the end of the corresponding RAR transmission. 
· If the UL delay in the RAR is set to 1, the start of Msg3 transmission is >=8+Δms later than the end of the corresponding RAR transmission where Δ is the number of repetitions for Msg3 as indicated in RAR.
In case a RAR is received by the UE, but it does not contain a response to the corresponding UE’s NB-PRACH, the same timing relationship for RAR -> Msg3 can be reused, i.e. the start of a new NB-PRACH transmission is >=8ms later than the end of the RAR. 
In case no RAR is received at the end of the RAR window, the timing relationship for NB-PDCCH -> NB-PUSCH can be reused, i.e., the start of a new NB-PRACH transmission is >=8ms later than the end of the RAR window.
Proposal 4: For NB-PRACH transmission following a NB-PDCCH order, the start of NB-PRACH transmission is >=8ms later than the end of its associated NB-PDCCH order.

Proposal 5: For Msg3, 

· If the UL delay in the RAR is set to 0, the start of Msg3 transmission is >=8ms later than the end of the corresponding RAR transmission.
· If the UL delay in the RAR is set to 1, the start of Msg3 transmission is >=8+Δms later than the end of the corresponding RAR transmission where Δ is the number of repetitions for Msg3 as indicated in RAR.
Proposal 6: In case a RAR is received with no response to the corresponding NB-PRACH, the start of a new NB-PRACH transmission is >=8ms later than the end of the RAR.

Proposal 7: In case no RAR is received at the end of the RAR window, the start of a new NB-PRACH transmission is >=8ms later than the end of the RAR window.

4 Conclusions
In this contribution, further considerations on NB-IoT random access are discussed, and the following proposals are provided.
Proposal 1: One NB-PRACH resource configuration can be indicated to be such that any NB-PRACH transmission using this configuration indicates UE support for multi-tone Msg3 transmission.
Proposal 2: If there is no NB-PRACH configuration for indicating UE support of multi-tone Msg3 transmission, the maximum number of NB-PRACH resource configurations in a cell is 3. Otherwise, the maximum number of NB-PRACH resource configurations in a cell is 4.
Proposal 3: Consider limiting any NB-PRACH resource configuration that indicates UE support for multi-tone Msg3 transmission, to NB-PRACH repetitions of 1, 2, 4, and 8.

Proposal 4: For NB-PRACH transmission following a NB-PDCCH order, the start of NB-PRACH transmission is >=8ms later than the end of its associated NB-PDCCH order.

· For Msg3, 

· If the UL delay in the RAR is set to 0, the start of Msg3 transmission is >=8ms later than the end of the corresponding RAR transmission.
· If the UL delay in the RAR is set to 1, the start of Msg3 transmission is >=8+Δms later than the end of the corresponding RAR transmission where Δ is the number of repetitions for Msg3 as indicated in RAR.
Proposal 5: In case a RAR is received with no response to the corresponding NB-PRACH, the start of a new NB-PRACH transmission is >=8ms later than the end of the RAR.

Proposal 6: In case no RAR is received at the end of the RAR window, the start of a new NB-PRACH transmission is >=8ms later than the end of the RAR window.
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