3GPPRAN1#2-NB-IoT
R1- 161944
Sophia-Antipolis, France
22th - 24th March 2016
Agenda item:    2.3.4
Source:             Qualcomm Incorporated
Title:                  Random Access Channel Design
Document for:  Discussion and Decision 

1. Introduction
At RAN#69, a new work item named NarrowBand IOT (NB-IOT) was created, see [1]. The objective is for cellular internet of things to exchange data between them and the cellular network.
At RAN#84 Ad hoc meeting it has been agreed that: 

Confirm WA that NB-PRACH is based on single-tone with frequency hopping. 

· NB-PRACH uses a subcarrier spacing of 3.75kHz 

· 2 CP lengths are provided to support different cell sizes

· 66.7 us and 266.7 us

· Hopping is between groups of symbols

· For CP length of  266.7 us, a group is defined as 5 symbols and one CP of length of  266.7 us

· For CP length of 66.7 us, a group is defined as 5 symbols and one CP of length of 66.7 us 

· Details of hopping:

· First level single-subcarrier hopping is used between 1st/2nd and between 3rd/4th symbol groups

· Second level 6-subcarrier hopping is used between 2nd/3rd symbol groups

· Pseudo-random hopping is used between repetitions of groups of 4 symbol groups:

i. Constrained within max 12 subcarriers, and according to LTE PUSCH type 2 hopping

· eMTC search space scheme is reused for Msg3 retransmission and Msg4 transmission.

· 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

· Power ramping:

· If more than one repetition level is configured in the cell, then the UE transmits NB-PRACH with max power except for the lowest repetition level

· Otherwise, the UE uses NB-PRACH power ramping 

· 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

Note that if RAN decides that one subcarrier spacing is not mandatory for the UE, a decision would need to be taken as to whether or not to specify error cases. 

In this contribution, we provide our views on PRACH design for NB-IOT. 

2. PRACH design
Different coverage classes may use different tone hopping patterns, in which case, the PRACH resources for different coverage classes should be orthogonal to each other so eNB can know which hopping patterns to use for detection. Separating PRACH resources of different coverage classes also helped reducing interference between. They can be either TDMed or FDMed. TDM partitioning is easy to manage but may need deal with coexistence of PRACH and other UL channels in the same RB, which will likely have different CP and tone spacing and therefore leads to mutual interference. FDM partitioning on the other hand will need to deal with mutual interference between different coverage classes. Either way the eNB needs to signal to UE the corresponding PRACH resources for different coverage classes. 
Proposal 1: Different coverage classes use orthogonal PRACH resources. 
It has been agreed that UE may indicate its multi-tone capability PRACH resource selection. However, there is at least one number of repetition of PRACH, multi-tone message 3 is not allowed and therefore UE can’t indicate its multi-tone capability through PRACH resource selection. In this case, UE may indicate this information in message 3 resource selection.  Different orthogonal message 3 resources will be assigned to UE in RAR corresponding to different UE capabilities. UE will then select a specific message 3 resource depending on its capability. Blind decoding is used at eNB side to determine UE capabilities. To be able to detect UE capability, eNB needs to reserve at least two resources for at least two different UE capabilities. This leads to reduced efficiency. To improve resource reuse, we use different response windows with the two resources in the same frequency but in different subframes. For example, a UE capable of multi-tone transmission, will transmit message 3 on tone index 7 on subframe 5, otherwise on tone index 7 on subframe 9. If this UE is capable of multi-tone transmission, when eNB detect message 3 on subframe 5, subframe 9 can be given to other UEs in later grants. And then no resource is wasted. On the other hand, if this UE is single tone only, eNB will not receive message 3 on subframe 5 but on subfame 9. In this case subframe 5 is still wasted. If the percentage of single tone UE is small, efficiency can be greatly improved. This is just one example, the design of the response window can be determined based on the real distributions of UE capabilities. The gap between the different subframes should be large enough for eNB to decode and reschedule the freed resources. We therefore has the following proposal:
Proposal 2: UE indicates its capability of multi-tone capabilities in message 3 resource selection at least for the case where UE can’t indicate multi-tone capability through PRACH resource selection.

· Consider the use of different response windows for message 3 with resources at the same frequency but different subframes to indicate UE capabilities. 

3. Summary
In this contribution we presented our views on the PRACH design and some initial results. We make the following proposals 

Proposal 1: Different coverage classes use orthogonal PRACH resources. 

Proposal 2: UE indicates its capability of multi-tone capabilities in message 3 resource selection at least for the case where UE can’t indicate multi-tone capability through PRACH resource selection.

· Consider the use of different response windows for message 3 with resources at the same frequency but different subframes to indicate UE capabilities. 
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