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1 Introduction

At the last RAN #70 Plenary meeting, revisions to the work item description for NB-IoT were approved [1]. Accordingly, it was agreed that NB-IoT would use OFDM with 15 kHz subcarrier spacing in the DL and support both single- and multi-tone transmissions in the UL. For single-tone transmissions, both 15 kHz and 3.75 kHz subcarrier spacing values should be configurable, while for multi-tone transmissions, SCFDMA using 15 kHz would be supported.
At the RAN1 #84 meeting, the following were agreed on NB-PRACH design [2]:
· 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:

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

· 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

Further, the following was agreed on the details of random access procedure [2]:

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

· The UL grant for the initial transmission of Msg3 is included in the RAR.

· The same NB-PDCCH search space is applied to NB-PDCCH for RAR, Msg3 retransmission and Msg4.

· DCI in NB-PDCCH indicates the number of repetitions of NB-IoT RAR / Retransmission of Msg3/Msg4

· Note that joint indication of number of repetitions with other DCI contents is not precluded

· 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
In this contribution, we present our views on the remaining issues on NB-PRACH design and random access procedure.

2 On NB-PRACH Preamble Design
In this section, we share our views and design considerations for NB-PRACH preamble design.
2.1 Minimum transmission granularity for NB-PRACH
At the last meeting, an NB-PRACH design based on to 2-level hopping across 4 symbol groups was agreed. Additionally, a range of possible repetition numbers {1, 2, 4, 8, 16, 32, 64, 128} was agreed as well. 

However, there has been no clear agreement on the minimum granularity of these repetitions. Specifically, does number of repetition = 1 imply transmission of 4 symbol groups or one (or even two) symbol group(s)? 
In our understanding, the minimum NB-PRACH transmission unit should span 4 symbol groups with 2-level frequency hopping. However, in that case, 64 and 128 repetitions may be too excessive and not necessary to satisfy the 164 dB MCL target. This is further corroborated by the evaluation results reported in [3]. While the choice of 64 repetitions may still be defended based on additional 3dB implementation margin, at least the last value of 128 repetitions should be replaced by a ‘reserved’ code-point.
Proposal 1:

· Clarify that the shortest NB-PRACH transmission consists of 4 symbol groups with 2-level frequency hopping.
· Update the set of number of repetitions with {1, 2, 4, 8, 16, 32, 64, reserved}.

2.2 Guard time for NB-PRACH
The latest RAN1 agreements on single-tone NB-PRACH does not account for any guard-time. While introduction of any long guard time adversely impacts the 0 dB PAPR property of the NB-PRACH design as well as negatively impacts the eNodeB detection performance based on phase changes on hopped subcarriers, continuous transmissions without any consideration of guard time implies prolonged blocking of the LTE SRS transmissions, especially when the NB-PRACH may be transmitted using 32 repetitions spanning more than 200 ms.
Additionally, if guard time is considered, it should be factored at the end of a particular symbol group so as to align with the UL subframe boundary (corresponding to 15 kHz subcarrier spacing). 

Thus, the following four options may be considered:

· Option 1: 400 us guard time of at the end of each 2ms-long symbol group (including the 400 us guard time); 

· This option would render the derivation of the RTT based on subcarrier hopping impossible at the eNodeB due to the 400 us duration during which the UE may not maintain the phase continuity. Additionally, this option results in significant overhead from guard time. However, from the perspective of coexistence with LTE SRS, this option is most friendly.
· Option 2: 800 us guard time at the end of the 2nd and 4th symbol groups (i.e., every two symbol groups spanning total of 4ms including the 800 us guard time) 
· This option does not provide much benefits beyond Option 1 since the overhead would be similar to Option 1 and it would not be possible for the eNodeB to use the 2nd level (6-subcarrier) hopping every two symbol groups to obtain sufficiently fine estimates of the RTT. Thereby, negating the benefit of specifying a two-level hopping mechanism for NB-PRACH.
· Option 3: 600 us at the end of 4-consecutive symbol groups (i.e., last 600us of 7ms-long NB-PRACH). 
· For this option, use of 1st and 2nd groups (small hop), 2nd and 3rd groups (large hop), and 3rd and 4th groups (small hop) would be possible to be used at the eNodeB to obtain estimate of the RTT. However, it would not allow the eNodeB to use the hopping between 4th and 5th groups, or in general, at the boundary of the each set of 4 symbol groups. However, two small hops and one large hop can be used at the eNodeB to estimate the RTT; which can then be improved further with energy gains based on combining across the multiple repetitions. Additionally, this option can provide better coexistence with LTE SRS.
· Option 4: Guard time at the end of the NB-PRACH repetitions
· This option is the best in terms of NB-PRACH detection performance. However this would have significant impact on LTE SRS transmissions due to the potentially prolonged NB-PRACH transmissions time considering repetitions of 4-symbol groups. Thus, this would go against the design criterion of minimizing impact to LTE for in-band operation modes which was one of the primary reasons to introduce shorter CP lengths for NB-PUSCH with 3.75 kHz and a 75 us guard time at the end of every 2ms NB-slot.
Considering the analysis above, Option 3 seems to provide the best trade-off between NB-PRACH detection and RTT estimation performance against better coexistence with LTE SRS.

Proposal 2:

· A 600 us guard time at the end of 4-consecutive symbol groups is introduced for NB-PRACH.
2.3 Sequence for NB-PRACH
While the NB-PRACH user capacity can be improved with support of orthogonal sequence (e.g., ZC sequence) across the NB-PRACH symbols, such mapping of a long sequence may adversely impact the 0 dB PAPR property of the single-tone transmissions with frequency hopping. As discussed in [4], the last symbol of a symbol group (the 5th symbol) should be same in the consecutive groups (at least for those without any guard time in between) so as to maintain phase continuity at each hopping boundary.

Although it may be possible to design short sequences with such property, the overall benefits may not be significant, especially considering that NB-PRACH uses 3.75 kHz subcarrier spacing, thereby offering ample opportunities of user multiplexing via FDM within an NB-IoT UL carrier.


Thus, considering the limited time remaining for the WI, it is proposed to adopt a fixed and constant sequence for NB-PRACH symbols.

Proposal 3:

· A fixed constant sequence is used for NB-PRACH transmission. 

· Consequently, NB-PRACH resources are identified based on the initial subcarrier selection and the hopping pattern and not based on sequences.
3 Configuration of CSS for random access
One of the opens remaining for the configuration of the CSS for random access is the determination of the NB-PDCCH candidate set for CSS monitoring. The following was agreed as part of the RAN1 email discussion on NB-PDCCH search space design [5]:
· For NB-PDCCH common search space for RAR/Msg3 retransmission/Msg4:
· UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
· {2, 1, 1}                                                                                                 
for Rmax = 1
· {2, 1, 1}, {2, 2, 1}                                                                                
for Rmax = 2
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                              

for Rmax = 4
· {2, Rmax /8, 1}, {2, Rmax /4, 1}, {2, Rmax /2, 1}, {2, Rmax, 1}    
 

for Rmax >= 8
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space.

However, it needs to be specified as to how the UE can determine the Rmax value and thereby the set of NB-PDCCH candidates to monitor. In our view, this can be addressed by reusing the design principle of Rel-13 eMTC wherein the NB-SIB provides a mapping from the NB-PRACH repetition level to the Rmax values that the UE uses to determine the candidate set for CSS monitoring.
Proposal 4:
· The set of NB-PDCCH candidates to monitor in the CSS for random access is derived from the last used NB-PRACH repetition level and a mapping signaled via NB-SIB between the NB-PRACH repetition levels and the corresponding Rmax values.
4 Conclusion

In this contribution, we presented our views on some of th remaining details of NB-PRACH design and random access. Based on the discussion presented, the following are our proposals:
Proposal 1:

· Clarify that the shortest NB-PRACH transmission consists of 4 symbol groups with 2-level frequency hopping.

· Update the set of number of repetitions with {1, 2, 4, 8, 16, 32, 64, reserved}.

Proposal 2:

· A 600 us guard time at the end of 4-consecutive symbol groups is introduced for NB-PRACH.
Proposal 3:

· A fixed constant sequence is used for NB-PRACH transmission. 

· Consequently, NB-PRACH resources are identified based on the initial subcarrier selection and the hopping pattern and not based on sequences.

Proposal 4:

· The set of NB-PDCCH candidates to monitor in the CSS for random access is derived from the last used NB-PRACH repetition level and a mapping signaled via NB-SIB between the NB-PRACH repetition levels and the corresponding Rmax values.
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