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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 Adhoc meeting #2 on NB-IOT it has been agreed that: 

· For NB-PRACH,
· A symbol group consists of 1 CP + 5 identical symbols
· The symbol values do not change across symbol groups during a NB-PRACH transmission
· The configuration of NB-PRACH resource is given by –

· Periodicity (3 bits)

· {40, 80, 160, 240, 320, 640, 1280, 2560} ms

· When PRACH resource and PUSCH collide, PUSCH is postponed

· Number of repetitions (3 bits)

· {1, 2, 4, 8, 16, 32, 64, 128}

· Number of opportunities per period

· 1 (no indication needed)

· Starting time of period (FFS bits)

· FFS

· Repetition uses contiguous subframes within one period 
· Frequency

· Frequency location in subcarrier offset (3 bits)

· {0, 12, 24, 36, 2, 18, 34}

· Number of subcarriers (2 bits)

· {12, 24, 36, 48}

· Multi-tone Msg3 transmission is not supported for the following numbers of repetitions of NB-PRACH

· {32, 64, 128}
· RAR is transmitted on an NPDSCH scheduled by an NPDCCH
· The NPDSCH transport block can contain RAR messages to multiple UEs

· Existing timing advanced procedure is reused for NB-IoT
· FFS:
· The time for the TA adjustment (legacy is n+6)

· The timing advance update does not impact the phase settings
· i.e. phase is determined in the same way with or without timing advance

· For NB-PRACH transmission following a PDCCH order, the start of NB-PRACH transmission is the first opportunity that is >=8ms later than the end of its associated PDCCH order.

· For Msg3, 

· The start of Msg3 transmission is the first opportunity that is >=12ms later than the end of the corresponding RAR transmission.

· In case a RAR is received with no response to the corresponding NB-PRACH, the start of any new NB-PRACH transmission is the first opportunity that is >=12ms later than the end of the RAR.

· In case no RAR is received at the end of the RAR window, the start of any new NB-PRACH transmission is the first opportunity that is >=12ms later than the end of the RAR window.

· RAN1 recommends to support transmission of NB-PHR with Msg3 of random access procedure using [2 bits] for the lowest configured NB-PRACH repetition level, subject to RAN2 confirmation of available bits
· Dynamic indication utilizing DCI is not supported
· Note: Above does not request to change Msg. 3 size
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. 

According to current agreement, one PRACH burst consists of 4 PRACH symbol groups and therefore has 4 CPs and 20 symbols. In large cell radius case, a PRACH burst is roughly 7ms. With certain repetition number X, one PRACH attempt is therefore close to 7X ms. To reduce the PRACH overhead, the periodicity of the PRACH configuration should be at least 20Xms. Since NB-IOT available tones are very limited, without a starting time offset for different configurations, all PRACH configurations will start at the same time. So different configurations have to be separated by different frequency band. Having a starting time offset will allow different configurations coexist in the same frequency band. It gives eNB the flexibility to balance random access and normal data communications. The starting time of period can be 2 bits with granularity a quarter of the periodicity. Furthermore, although there are different repetition numbers allowed in the spec, in a particular eNB one repetition number per CE level should be sufficient. There could be different PRACH bands and they could be consecutive or disjoint. Figure 1. Shows one illustration of the PRACH configurations. Each color block represent a PRACH configuration. There are three frequency bands. Each band can have multiple configurations with different starting offset, periodicity and repetition number.  One CE level has one repetition number but it can have multiple configurations with different frequency band, periodicity, or starting time offset.
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Figure 1. Illustration of PRACH configurations with different frequency, repetition number, starting offset, and periodicity
Proposal 3: eNB signals available configurations in SIBs. A configuration consists a group of 5 parameters: repetition number, starting subcarrier index, number of subcarriers, periodicity, and starting time. Furthermore, consider the following constraints 

· One CE level has only one repetition number

· PRACH periodicity should be at least 20 times the repetition number

· The starting time of period is 2 bit, with granularity ¼ of the periodicity

· Allow multiple configurations to coexist in the same frequency band

· Allow one CE level (repetition number) to have multiple configurations 
Note that the timing offset has direct impact on UL performance including SNR and intra-cell interference. A TA adjustment is preferred as soon as possible, especially during RACH procedure. Timing adjustment needs to be applied before message 3 transmission which is n+12. So the delay should be less than 12. We propose to keep the same time as legacy:
Proposal 4: Allow the same time for TA adjustment as legacy LTE, i.e., n+6

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. 

Proposal 3: eNB signals available configurations in SIBs. A configuration is different if any of the following 5 parameters are different: repetition number, starting subcarrier index, number of subcarriers, periodicity, and starting time. Furthermore, consider the following constraints 

· One CE level has only one repetition number

· PRACH periodicity should be at least 20 times the repetition number

· The starting time of period is 2 bit, with granularity ¼ of the periodicity

· Allow multiple configurations to coexist in the same frequency band

· Allow one CE level (repetition number) to have multiple configurations 
Proposal 4: Allow the same time for TA adjustment as legacy LTE, i.e., n+6
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