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1 Introduction
In previous RAN2 meetings, there has been a lot of discussion about random access procedure for NB-IoT. The following is a summary of the working assumptions and agreements from RAN2 meeting:
	· 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). 

· 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.


Besides, RAN1#AH meeting has achieved the following agreements corresponding to PRACH design also:

	· 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}


In this contribution, based on the previous RAN1 and RAN2 agreements, we focus on remaining stage 3 issues for RA procedure of NB-IoT.
2 Discussion
2.1 PRACH Configuration

According with the RAN1#AH meeting agreements, the different PRACH resources associated with each enhanced coverage level and ST/MT are multipled in PRACH with FDM (different PRACH band, each contains 12 3.75k tones) and TDM (different period and starting time of period) way [1]. For UE choosing PRACH resource to transmit preamble, the PRACH configuration information including the multiplexing parameters should be broadcasted in system information like this:
NB-PRACH-Config-v13xy ::=


SEQUENCE {

prach-ConfigInfoList-r13


PRACH-ConfigInfoList-r13


OPTIONAL
-- Need ON
}
NB-PRACH-ParametersList-r13 ::=
SEQUENCE {


(SIZE(1..8)) OF NB-PRACH-Parameters-r13

(SIZE(1..5)) OF NB-PRACH-Parameters-MT-r13
}

NB-PRACH-Parameters-r13 ::=


SEQUENCE {

nb-prach-numSubcarrier
                   ENUMERATED {n12, n24, n36, n48},
nb-prach-SubcarrierOffset
              ENUMERATED {0, 12, 24, 36, 2, 18, 34, spare},

nb-prach-Period                              ENUMERATED {40ms, 80 ms, 160ms, 240ms, 320ms, 640ms, 














1280ms, 2560ms },
nb-prach-Startingtime-r13


FFS,


nprach-NumRepetitions-r13

ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128},










……
}
NB-PRACH-Parameters-MT-r13 ::=


SEQUENCE {

nb-prach-numSubcarrier
                   ENUMERATED {n12, n24, n36, n48},

nb-prach-SubcarrierOffset
              ENUMERATED {0, 12, 24, 36, 2, 18, 34, spare},

nb-prach-Period                              ENUMERATED {40ms, 80 ms, 160ms, 240ms, 320ms, 640ms, 














1280ms, 2560ms },

nb-prach-StartingTime-r13


FFS,


nprach-NumRepetitions-r13

ENUMERATED {n1, n2, n4, n8, n16, spare, spare, spare},










……
}
· nb-prach-numSubcarrier indicates how many PRACH bands are configured to PRACH resource.
· nb-prach-SubcarrierOffset indicates the start position of the PRACH resource in frequency domain.
· The set of candidate nb-prach-period is agreed to allow multiple occurrences of NB-PRACH resources during each period.
· nb-prach-StartingTime indicates the start position of PRACH resource in each period.
Proposal 1: The multiplexing parameters including nb-prach-numSubcarrier, nb-prach-SubcarrierOffset, nb-prach-period, and nb-prach-StartingTime for PRACH resource for different coverage level and ST/MT should be broadcasted in system information for UE choosing PRACH resource according to its coverage level and msg3 ST/MT requirement.

2.2 RA parameters values

According with the previous RAN2 agreements, the ra-ResponseWindowSize and the mac-ContentionResolutionTimer per coverage level should be extended. If the basic unit of subframe or millionsecond is re-used in NB-IoT, eNB needs to broadcast different configurations for each coverage level, which causes additional signalling cost.
During the ra-ResponseWindowSize, UE shall monitor the PDCCH for Random Access Response(s) identified by the RA-RNTI. Since each subframe in LTE has one PDCCH, the length of  ra-ResponseWindowSize stands for how many PDCCH needs to be monitored by UE. From this point, a straight way to extend the ra-ResponseWindowSize is using PDCCH period as basic unit instead of subframe. PDCCH period is the duraion between start subframes of two consecutive PDCCH transmission with the same coverage level [2]. PDCCH period is defined per coverage level. In this case, eNB only need to braodcast one common configuration for all coverage levels by using PDCCH period, then different values according to different coverage level can be achieved. Consequenly, the signaling overhead can be reduced.
Proposal 2: Using PDCCH period instead of subframe as basic unit of ra-ResponseWindowSize.

The mac-ContentionResolutionTimer is started after the transmission of Msg3 and restarted after each restransmittion of Msg3. It is used for controlling UE monitoring PDCCH to receive Msg4. Similar with ra-ResponseWindowSize, PDCCH period can be used as basic unit to extend the value of mac-ContentionResolutionTimer directly for the same reason.

Proposal 3: Using PDCCH period instead of subframe as basic unit of mac-ContentionResolutionTimer.

According to RAN1 agreement “The symbol values do not change across symbol groups during a NB-PRACH transmission”[1], only one preamble sequence is used by RA preocedure. Consequently, preambleMappingInfoList is not needed.

Proposal 4: preambleMappingInfoList is not needed in NB-IoT.

The parameters and information need for RA initialization can be determined by the following table 1, where pp stands for the PDCCH period.
Table 1. the parameters needs to be configured before RA is initiated
	Parameters
	LTE/eMTC
	NB-IoT

	powerRampingStep
	{dB0, dB2,dB4, dB6}
	Designed by RAN4

	preambleTransMax
	{3, 4, 5, 6, 7, 8, 10, 20, 50, 100, 200}
	Re-use:
{3, 4, 5, 6, 7, 8, 10, 20, 50, 100, 200}

	preambleInitialReceivedTargetPower
	{dBm-120, dBm-118, dBm-116, dBm-114, dBm-112, dBm-110, dBm-108, dBm-106, dBm-104, dBm-102,dBm-100, dBm-98, dBm-96, dBm-94, dBm-92, dBm-90}
	Designed by RAN4

	DELTA_PREAMBLE
	Defined in 36.321
	Designed by RAN4

	maxHARQ-Msg3Tx
	{1, 2, 3, 4, 5, 6, 7, 8}
	Not support because of the asynchronou and adaptive UL HARQ process, as analyzed in [3]

	preambleMappingInfoList
	Designed by RAN1
	Not support

	RSRP-ThresholdsPrachInfoList
	Mapping to36.133
	Designed by RAN4

	maxNumPreambleAttemptNPRACH
	{3, 4, 5, 6, 7, 8, 10}
	Re-use:
{3, 4, 5, 6, 7, 8, 10}

	nprach-NumRepetitions
	{1, 2, 4, 8, 16, 32, 64, 128}
	RAN1 agreement:

{1, 2, 4, 8, 16, 32, 64, 128}

	ra-ResponseWindowSize
	LTE: sf {2, 3, 4, 5, 6, 7, 8, 10}

eMTC: sf {20, 50, 80, 120, 180, 240, 320, 400}
	Using pp instead of sf directly, re-use the value in LTE:

pp {2, 3, 4, 5, 6, 7, 8, 10}

	mac-ContentionResolutionTimer
	LTE: sf {8, 16, 24, 32, 40, 48, 56, 64}

eMTC: sf {80, 100, 120, 160, 200, 240, 480, 960}
	Using pp instead of sf directly, re-use the value in LTE:
pp {8, 16, 24, 32, 40, 48, 56, 64}


Proposal 5: The parameters values and information need for RA initialization can be determined by Table 1.
2.3 Backoff values
The Random Access Response subheader may contain a Backoff Indicator for UE to delay the subsequent preamble transmission when network is overload.Based on the backoff parameter sent by eNB, UE selects a random backoff time according to a uniform distribution between 0 and the Backoff Parameter Value in the following Table 2.
Table 2. Backoff Parameter values.

	Index
	Backoff Parameter value (ms)

	0
	0

	1
	10

	2
	20

	3
	30

	4
	40

	5
	60

	6
	80

	7
	120

	8
	160

	9
	240

	10
	320

	11
	480

	12
	960

	13
	Reserved

	14
	Reserved

	15
	Reserved


Since the wider variation of the PRACH period among different coverage levels, it is difficult to determine common backoff time for all coveragel levels. If we set some big value for satisfying UE in high coverage level, these value may be to long for normal coverage UE. In contrast, several small backoff time values which are useful for normal coverage UE may make no difference to higher coverage UE. From this point, the backoff time should be configured per coverage level.

Proposal 6: The backoff time should be configured per coverage level.
According with RAN2 agreements, the range of backoff time for LTE/eMTC should be extended to adapt the longer NB-IoT preamble transmission duration. Since the interval between two PRACH resource in NB-IoT is PRACH period which value is per coverage level. A simple way to extend the backoff time per coverage level is to use PRACH period as basic unit instead of ms. In this case, the Backoff Parameter value can be change to set of coefficient from ms and the backoff time can be caluculated as:

backoff time = [0, Backoff Parameter value] * PRACH period
Proposal 7: Using PRACH period as basic unit for backoff. The backoff time can be caluculated as [0, Backoff Parameter value] * PRACH period.
The Backoff Parameter values corresponding to different BI Index can be determined by the following table 5:
Table 3. Backoff Parameter values and backoff times for different coverage level
	Index
	Backoff Parameter value
	Maximum Backoff time per coverage level (ms)
PRACH period {40, 80, 160, 240, 320, 640, 1280, 2560} ms

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	5
	200
	400
	800
	1200
	1600
	3200
	6400
	12800

	2
	10
	400
	800
	1600
	2400
	3200
	6400
	12800
	25600

	3
	15
	600
	1200
	2400
	3600
	4800
	9600
	19200
	38400

	4
	20
	800
	1600
	3200
	4800
	6400
	12800
	25600
	51200

	5
	30
	1200
	2400
	4800
	7200
	9600
	19200
	38400
	76800

	6
	40
	1600
	3200
	6400
	9600
	12800
	25600
	51200
	102400

	7
	60
	2400
	4800
	9600
	14400
	19200
	38400
	76800
	153600


Proposal 8: The MAC BI size is reduced from 4 bits to 3bits. The Backoff Parameter values corresponding to different BI Index can be determined by Table 3. 
2.4 RA-RNTI
Once the Random Access Preamble is transmitted, the MAC entity shall monitor the PDCCH for Random Access Response(s) identified by the RA-RNTI. RA-RNTI associated with the PRACH on which the Random Access Preamble is transmitted. In last RAN2 meeting, the following two formules are agreed to be FFS according with RAN1 input for NB-IoT:
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,

Since only one preamble sequence is supported in NB-IoT[1], no code information needs to be included in RAR. The second formule should be considerred as a baseline for RA-RNTI calculation analysis in NB-IoT because of a smaller RA-RNTI space. 

According to RAN1 agreement [1], the minimum NB-PRACH period is agreed to be 40 ms and one period includes only one preamble transmission opportunity. In this case, the t_id (i.e. the index of the first subframe of the specified PRACH (0≤ t_id <10) within an attempt) is not needed for RA-RNTI calculation. Thus, subframe index t_id can be removed from the calculation of RA-RNTI. 
Proposal 9: Remove subframe index t_id from the calculation of RA-RNTI.
On PRACH, at most 48 tones can be configured for one coverage level [1], which means up to 48 RARs for different UEs need to be multiplexed into one MAC RAR PDU. In [4], for each MAC RAR PDU, 1 byte MAC subheader and 6 bytes RAR are included. In this case, the MAC RAR PDU needs larger than 48*42=2016 bits. However, the maximum TBS on PDSCH is only 680 bits [1], which is not enough for multiplexing RARs of 48 UEs into one MAC RAR PDU. If those RARs are divided into different PDUs, the UE using the same RA-RNTI needs to receive all PDCCH and PDSCH for these PDUs, which may cause additional power consumption of UE.
The PRACH band_id can be introduced into RA-RNTI calculation to avoid this problem. Since each PRACH band contains 12 3.75k tones and up to 4 PRACH bands can be configured for one coverage level [1], the PRACH band_id should be introduced into RA-RNTI calculation to avoid multiplexing too much RARs into one MAC PDU, where the value range of band_id is (0≤ band_id <3). 
Proposal 10: The PRACH band_id is introduced into RA-RNTI calculation to avoid multiplexing too much RARs into one MAC RAR PDU.
Since the maximum PDCCH transmission duration is 2048 ms [1]. If we allow up to 10 PDCCH monitoring opportunities as LTE in Table 1, Wmax is needs to be larger than 2048*10 ms = 2 HSF. For example, according to [2], for the PDCCH with transmission duration of 2048ms, the PDCCH period is 2560ms. If so, the maximum RAR window size is 25600ms, which equals to 2.5 HSF. If the maximum RAR window size is larger than one HSF, the HSFN should be introduced to RA-RNTI calculation. The RA-RNTI formula should be updated as:
RA-RNTI=1+ band_id + 4*(HSFN mod 3) + 12*SFN, with the Tone information in the RAR,
Proposal 11: The HSFN is introduced into RA-RNTI calculation.

In this case, the space of RA-RNTI is 1~12288. To keep enough space for other RNTI, the value range of RA-RNTI in NB-IoT should be on the similar order of magnitude as eMTC (1-2400).
Observation 1: The RA-RNTI value range of eMTC is 1~2400. To keep enough space for other RNTI, the value range of RA-RNTI in NB-IoT should be on the similar order of magnitude as eMTC.

Since the minimum PRACH period is 40ms, which is 4 times of radio frame length, the index of the minimum PRACH period within one HSFN, minPeriod_id, can be used for the RA-RNTI calculation instead of SFN to reduce RA-RNTI space. The RA-RNTI caluculation formule can be updated as:
RA-RNTI=1+ band_id + 4*(HSFN mod 3) + 12*minPeriod_id, with the Tone information in the RAR,
where minPeriod_id = floor (SFN / 4). Since one HSF contains 10240/40 =256 minimum PRACH periods, the value range of minPeriod_id is (0≤ minPeriod_id <256). The RA-RNTI space is only 1~3072.
Proposal 12: The index of the minimum PRACH period within one HSFN, minPeriod_id, is introduced into RA-RNTI calculation instead of SFN to reduce RA-RNTI space, where minPeriod_id = floor (SFN / 4).
Proposal 13: An updated RA-RNTI calculation formula is defined as follows:
RA-RNTI=1+ band_id + 4*(HSFN mod 3) + 12*minPeriod_id, with the Tone information in the RAR
Where:
band_id is the index of the specified band resource location, in ascending order of frequency domain (0≤ band_id< 3), 
HSFN is the index of the hyper system frame of the specified PRACH,
minPeriod_id is the index of the first minmun PRACH period of the specified PRACH(0≤ minPeriod_id <256).
3 Conclusion

In this contribution we look at various stage 3 aspects of RA procedure and made the following proposals:

Proposal 1: The multiplexing parameters including nb-prach-numSubcarrier, nb-prach-SubcarrierOffset, nb-prach-period, and nb-prach-StartingTime for PRACH resource for different coverage level and ST/MT should be broadcasted in system information for UE choosing PRACH resource according to its coverage level and msg3 ST/MT requirement.
Proposal 2: Using PDCCH period instead of subframe as basic unit of ra-ResponseWindowSize.

Proposal 3: Using PDCCH period instead of subframe as basic unit of mac-ContentionResolutionTimer.

Proposal 4: preambleMappingInfoList is not needed in NB-IoT.
Proposal 5: The parameters values and information need for RA initialization can be determined by Table 1.
Proposal 6: The backoff time should be configured per coverage level.
Proposal 7: Using PRACH period as basic unit for backoff. The backoff time can be caluculated as [0, Backoff Parameter value] * PRACH period.
Proposal 8: The MAC BI size is reduced from 4 bits to 3bits. The Backoff Parameter values corresponding to different BI Index can be determined by Table 3.
Proposal 9: Remove subframe index t_id from the calculation of RA-RNTI.
Proposal 10: The PRACH band_id is introduced into RA-RNTI calculation to avoid multiplexing too much RARs into one MAC RAR PDU.
Proposal 11: The HSFN is introduced into RA-RNTI calculation.
Observation 1: The RA-RNTI value range of eMTC is 1~2400. To keep enough space for other RNTI, the value range of RA-RNTI in NB-IoT should be on the similar order of magnitude as eMTC.
Proposal 12: The index of the minimum PRACH period within one HSFN, minPeriod_id, is introduced into RA-RNTI calculation instead of SFN to reduce RA-RNTI space, where minPeriod_id = floor (SFN / 4).
Proposal 13: An updated RA-RNTI calculation formula is defined as follows:

RA-RNTI=1+ band_id + 4*(HSFN mod 3) + 12*minPeriod_id, with the Tone information in the RAR
Where:

band_id is the index of the specified band resource location, in ascending order of frequency domain (0≤ band_id< 3), 

HSFN is the index of the hyper system frame of the specified PRACH,

minPeriod_id is the index of the first minmun PRACH period of the specified PRACH(0≤ minPeriod_id <256).
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