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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 2nd RAN1 ad-hoc meeting on NB-IoT, the following were agreed on NB-PRACH design and random access procedure [2]:
· 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

· Timing relationships for random access

· 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.

Further, as part of RAN1 email agreements following the 2nd RAN1 ad-hoc meeting on NB-IoT, the starting time of an NB-PRACH period was agreed to be defined as:

· Starting time of period (3 bits)

· {8, 16, 32, 64, 128, 256, 512, 1024} ms

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

2 On LTE SRS and NB-PRACH collisions
During a RAN1 email discussion on handling of collisions between LTE SRS and NB-PUSCH for in-band operation mode, the following was agreed:

· A UE can assume that NB-IoT downlink subframe#0 is aligned with LTE subframe#0 for in-band deployment.

· 4 bits srs-SubframeConfig in Table 5.5.3.3-1 of TS36.211 can be broadcasted as the NB-IoT configuration field regarding the avoidance of LTE SRS in time domain.

· If srs-SubframeConfig is broadcasted, the NB-IoT symbols that collide with LTE SRS positions are assumed not to be used by NB-IoT UE by default:

· For multi-tone transmission with repetition, puncturing is used to transmit NB-PUSCH.

· FFS: For single tone transmission and multi-tone transmission w/o repetition:

· Alt.1 Rate-matching is used to transmit NB-PUSCH.

· Alt.2: Puncturing is used to transmit NB-PUSCH. 

· If srs-SubframeConfig is broadcasted, information can be included in higher layer UE-specific signaling to inform UE to use all NB-IoT symbols for NB-PUSCH transmission. The detailed signaling design is up to RAN2.

The latest RAN1 agreements on single-tone NB-PRACH does not account for any guard-time. While introduction of any long guard time may adversely impact the 0 dB PAPR property of the NB-PRACH design as well as negatively impact the eNodeB detection performance, 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 128 repetitions spanning more than 800 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 two options may be considered:

· Option 1: 600us (400us) at the end of 4-consecutive symbol groups (i.e., last 600us (400us) of 7ms- (6ms-) long NB-PRACH depending on CP length). 
· Similar to NB-PUSCH with 3.75 kHz subcarrier spacing, this option can provide some opportunities to avoid collisions with SRS due to the gaps at the end of every 7ms of 6ms of NB-PRACH transmissions. However, the additional overhead due to the gaps can be considerable, especially considering that additional collision handling mechanisms would be necessary for multiple NB-PRACH configurations.
· Option 2: 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. Therefore, for this option, additional collision handling mechanism would need to be defined.
For both options, the simplest collision handling mechanism would be to specify puncturing of the NB-PRACH symbols that overlap with cell-specific SRS transmissions. Thus, considering the additional overhead and possible impact to NB-PRACH detection performance of Option 1, Option 2 with puncturing of the NB-PRACH symbols in case of collisions with cell-specific SRS may be sufficient.
Furthermore, similar to the mechanism agreed for NB-PUSCH, if srs-SubframeConfig is broadcasted, additional information can be provided via UE-specific higher layer signaling to inform the UE to use all NB-IoT symbols for NB-PRACH transmission. In fact, the same signaling used to indicate possible use of all NB-IoT symbols for NB-PUSCH may also be used for NB-PRACH as the default interpretation.
Proposal 1:

· NB-PRACH transmissions are contiguous-in-time and in case of collisions with cell-specific SRS transmissions, the corresponding NB-PRACH symbols are punctured by the transmitting NB-IoT UE.
3 UL grant in RAR
One of the remaining details related to random access procedure is the details of the UL grant for Msg3 in the RAR. 
In this regard, we propose the following fields and their corresponding bit-widths as in Table 1 below.

Table 1. UL grant in the RAR for NB-IoT
	Field
	Bit-width (15 kHz)
	Bit-width (3.75 kHz)
	Descriptions

	UL subcarrier spacing
	1
	1
	15 kHz or 3.75 kHz

	Msg3 frequency domain resource allocation
	6
	5
	Same as in DCI N0 scheduling NB-PUSCH

	Msg3 time delay w.r.t. RAR
	2
	2
	Same as in DCI N0 scheduling NB-PUSCH, with at least 6ms gap between end of the RAR and start of the NB-PUSCH carrying Msg3

	Number of repetitions of NB-PUSCH carrying Msg3 
	3
	3
	Can be reduced to 2 bits if the highest value of the set is derived from the number of NB-PRACH repetitions (NB-PRACH resource set) (cf. [2])

	Rate-matching information for Msg3 (N_RU)
	2
	2
	Based on agreed TBS table and Msg3 TBS = 88bits, N_RU can be from {1, 2, 4}

	UL delay
	1
	1
	Either indicate delay = 0 or delay = # of NB-PUSCH repetitions carrying Msg3

	Reserved
	5
	6
	For octet alignment

	Total
	20
	20
	


Proposal 2:
· Consider the fields and their corresponding bit-widths in Table 1 to define the UL grant in RAR for NB-IoT.
4 Conclusion

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

· NB-PRACH transmissions are contiguous-in-time and in case of collisions with cell-specific SRS transmissions, the corresponding NB-PRACH symbols are punctured by the transmitting NB-IoT UE.

Proposal 2:

· Consider the fields and their corresponding bit-widths in Table 1 to define the UL grant in RAR for NB-IoT.
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