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1 Introduction

Many agreements regarding random access for NB-IoT have already been made in earlier meetings (see list in the appendix at the end of this contribution) but there are some remaining issues NPRACH details are discussed in two accompanying RAN1 contributions [1] and [2].

In this contribution we discuss remaining physical layer aspects of the random access procedure for NB-IoT. As in our past contributions towards this topic, we prefer to re-use what has been specified for LTE/eMTC unless there is some significant technical drawback.
2 Discussion
A high-level overview of a NB-IoT random access procedure based on Rel-13 eMTC is shown in Figure 1.
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Figure 1: Random access procedure for NB-IoT based on Rel-13 eMTC
2.1 Preamble transmission
The contention-based random access procedure starts with random access preamble transmission from the UE to eNB. The PRACH time/frequency resources, preamble set, and repetition factor are signalled via system information and may vary between coverage levels. The UE determines its initial coverage level based on the received signal strength and randomly selects the preamble to transmit on RACH.
If the UE fails to access the network after the maximum number of attempts at the highest PRACH repetition level, the UE should stop further attempts at the highest PRACH repetition level and report the failure to higher layers (RRC). The behaviour at the RRC layer is as per legacy behaviour.
2.2 RAR transmission
In response to the detected random-access attempt, the eNB will, as the second step of the random access procedure, transmit the random access response (RAR) containing:

· The index of the random access preamble

· The timing advance (TA) measured by the random access preamble receiver

· The uplink scheduling grant for Msg3 of the random access procedure

· The temporary C-RNTI which is used for further communication between the UE and eNB

In Rel-13 eMTC, the RAR is transmitted on a PDSCH scheduled by an MPDCCH, where the MPDCCH configuration and MPDCCH repetition level for each PRACH coverage level are partly semi-statically and partly dynamically determined. Since RAR is scheduled via MPDCCH its size is variable, which in turn allows multiple MAC RARs to be multiplexed in the same PDSCH transmission.
Our preference is to adopt the same approach for NB-IoT. There does not seem to be any explicit agreement on this (although it can possibly be deduced from some of the existing agreements listed in the appendix).
Proposal 1:
RAR is transmitted on an NPDSCH scheduled by an NPDCCH.
Proposal 2:
The NPDSCH transport block can contain RAR messages to multiple UEs.
2.3 Msg3 transmission
In LTE and eMTC, UEs which have successfully received the RAR transmit Msg3 containing the UE identity used for contention resolution and layer 2/3 signalling message, such as RRC connection request etc. HARQ re-transmissions are used for Msg3 and subsequent messages, and we have not seen any reason to deviate from this scheme. The uplink assignment for Msg3 is signalled via RAR and the initial repetition level can either be indicated in the uplink assignment or determined based on the UE’s PRACH coverage level. Note that, as an additional enhancement for NB-IoT, uplink data can potentially be multiplexed with Msg3.
As shown in Table 1, in eMTC the UL grant size is 20 or 12 bits depending on the coverage enhancement (CE) mode.
Table 1: UL grant content in RAR for eMTC

	DCI contents
	CE mode A
	CE mode B

	Msg3 PUSCH narrowband index
	4
	2

	Msg3 PUSCH Resource allocation
	4
	3

	Number of Repetitions for Msg3 PUSCH
	2
	3

	MCS
	3
	0

	TBS
	0
	2

	TPC
	3
	0

	CSI request
	1
	0

	UL delay
	1
	0

	Msg3/4 MPDCCH narrowband index
	2
	2

	Total number of bits
	20
	12


These UL grant sizes result in octet-aligned RAR message sizes as can be seen in Figure 2 and Figure 3.
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Figure 2: MAC RAR for legacy LTE and eMTC PRACH CE level 0 or 1
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Figure 3: MAC RAR for eMTC PRACH CE level 2 or 3
Observation:
An UL grant size of 4+8n bits (e.g. 12, 20 or 28 bits) will achieve an octet-aligned RAR size assuming that the other RAR fields require as many bits as in LTE/eMTC.
Observation:
Different PRACH CE levels can correspond to different UL grant sizes.
The UL grant content in RAR for NB-IoT could look similar to the contents listed in Table 2. However, the UL grant definition should be discussed together with the general UL DCI. We have a separate contribution on DCI content in [3]. Some optimization may be needed in order to achieve 4+8n bits total UL grant size.
Table 2: Outline of possible UL grant content in RAR for NB-IoT

	DCI contents
	CE level 1 
	CE level 2
	CE level 3

	UL subcarrier spacing
	1
	1
	1

	Time offset between RAR and MPUSCH
	4
	4
	4

	Msg3 MPUSCH resource allocation
	9
	9
	9

	Msg3 MPUSCH subcarrier scheduling
	5
	5
	5

	TPC
	2
	0
	0

	Msg3/4 MPDCCH resource allocation
	2
	2
	2

	Total number of bits
	~20
	~20
	~20


Whether it is motivated to modify the sizes of the other RAR fields (Timing Advance Command and Temporary C-RNTI) should also be discussed.

2.4 Msg4 transmission

In LTE and eMTC, after Msg3, the eNB responds with Msg4, the final message in the random access procedure, resolving possible contention. In eMTC, Msg4 is a unicast transmission scheduled via MPDCCH, where the MPDCCH repetition level is determined based on the UE’s PRACH coverage level.

Finally, in LTE and eMTC, if the UE has been requested to perform a contention-free random access, for example if downlink data arrives when the terminal is in RRC_CONNECTED and the uplink is not synchronized, the preamble is explicitly indicated from the eNB. In this case Msg4 is omitted as there is no need for contention resolution.
3 Conclusion

In this contribution we have discussed remaining physical layer aspects of the random access procedure for NB-IoT and we have the following proposals and observations.
Proposal 1:
RAR is transmitted on an NPDSCH scheduled by an NPDCCH.
Proposal 2:
The NPDSCH transport block can contain RAR messages to multiple UEs.

Observation:
An UL grant size of 4+8n bits (e.g. 12, 20 or 28 bits) will achieve an octet-aligned RAR size assuming that the other RAR fields require as many bits as in LTE/eMTC.
Observation:
Different PRACH CE levels can correspond to different UL grant sizes.
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5 Appendix: Random access related agreements
RAN1 NB-IoT adhoc agreements:

	· Use only preamble based PRACH for NB-IoT
· Msg3 sizes up to 64 bits at the physical layer can be supported under all conditions (Coverage, operation mode, and subcarrier spacing)

· RAN1 may agree the further larger values for the Msg3 size

· Support one PRACH scheme for all MCL cases

· Working assumption: PRACH scheme is based on single-tone transmission


RAN1#84 agreements:

	· 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

· 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 

· 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

· 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.


RAN2#91bis agreements:

	· Contention-based random access should be supported for NB-IoT.

· We assume that RACH configuration may be different per coverage level
· RAN2 will wait for RAN1 with respect to message RACH vs. preamble RACH


RAN2#92 agreements:

	1: 
RAN node can determine the UE’s coverage level from random access procedure. How this is done depends on RACH design of physical layer.

2: 
The original eMTC design, e.g. by using S1 Context Release message to indicate coverage level can be used as the baseline, at least for the UP solution.  

3: 
CN may include coverage enhancement (CE) level information, Global Cell Id and Paging Attempt Count IE in Paging message to indicate related information to RAN node.
4:    For UE in idle mode, UEs in general do not make specific access only to report coverage level change.
RACH procedure:
· We assume that RACH multiple attempts shall be supported.

· We assume that RACH reattempts may be done on the same or different coverage level. 

· FFS the function split between RRC and MAC. Maybe the same split as for eMTC can be used. 

· We assume that we need to be careful to not trigger too many attempts. 

· There will be one or more thresholds that limit the number of attempts, MAX NUMBER OF ATTEMPTS or similar per coverage level. 

· MAC indicates random access problem to RRC layer, when MAC has exhausted all attempts for a RACH procedure.
HARQ

· An NB-IoT UE only needs to support half duplex operations.
Connected mode DRX

· It is beneficial to enable DRX also for short connections, as early as possible.


RAN2#93 agreements:
	For Random Access:

· Only Contention based RACH is supported in NB-IoT. We may revisit this if contention free RACH is found needed for positioning. 

· RAN2 assumes that PDCCH order is supported for DL data arrival (and the agreement above is applicable)

· Preambles (RACH resource) classification according to coverage levels in eMTC is reused in NB-IoT. UE selects a preamble group according to its coverage level. (this is not intended to prevent further fucntionality, e.g. having more resrouce pools for other purpose). 
· Global PREAMBLE_TRANSMISSION_COUNTER and per coverage level PREAMBLE_TRANSMISSION_COUNTER_CE are used for NB-IoT.

· If we have power ramping (RAN1), Global PREAMBLE_TRANSMISSION_COUNTER is used to achieve power ramping for the received target preamble power.
· MAC contention resolution timer for NB-IoT is configured per-CEL.
· Higher end of Range of MAC contention resolution timer for NB-IoT should be extended compared to LTE (considering e.g. PUSCH/PDCCH/PDSCH repetition number, single tone PUSCH, etc). 

· We will consider removeing some values in the lower end of Range of MAC contention resolution timer for NB-IoT compared to LTE (values that does not work for NB-IoT even in good coverage). 

· If the Contention Resolution is considered not successful the UE should continue in the same PRACH CE level to proceed to the transmission of preamble.

· For NB-IoT, we expect RA response window length should be extended (a lot) compared to Rel-12 LTE.
· The system frame index of the first radio frame of the specified PRACH should be considered in the RA-RNTI calculation.
· RA-RNTI calculation formula may be defined as follows (FFS):
· RA-RNTI=1+t_id + 10*freTone_id + k1*(SFN mod (W/10)), with the Code information in the RAR, OR

· RA-RNTI=1+t_id+10*(SFN mod (W/10), with the Tone information in the RAR,

where: 
· t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) within an attempt, 

· freTone_id is the index of the specified frequency resource location within that subframe, in ascending order of frequency domain (the range of freTone_id can be configured, e.g. 0≤freTone_id <12, if 15kHz Single Tone is used), 

· SFN is the index of the first radio frame of the specified PRACH, 

· W is RAR MAX window size (in subframes).
· K1 depends on the number for freq tones. 
· The RACH Backoff mechanism is introduced in Rel 13

· The RACH Back off mechanism is based on MAC BI. 

· Limited changes to the mechanism like reduction of the MAC BI size from 4 bits to other value, and corresponding changes to range can be considered if needed and time allows. 


RAN#71 approved way forward (RP-160685):

	· For NB-IoT
·  From RAN1 point of view, Msg3 TBS size should allow 64 bits (targeted for RRCConnectionRequest) and 80 bits (targeted for RRCConnectionResume). 
· For UP solution, Source eNB assigns ID which is 40 bits. This is signaled in Msg3 to the target eNB
· How to map UE and network part to 40 bits is not visible to the UE and can be discussed in RAN3
· No change to agreement to use short MAC-I or provide NCC in Msg4
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