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1. Introduction

This contribution depicts the N-RACH design and its performance for the N-GSM concept proposal earlier introduced in [1], which is proposed to be included into TR 45.820 [2] in [3]. Section 2 describes various design aspects such as burst format and design for the path loss adapted chase combining scheme. Section 3 provides the link simulation results for N-RACH performance without collision and initial capacity estimation which will be the base for further evaluations on N-RACH performance. Section 4 summarises the key points for N-RACH and further proceeding. This contribution is a revision of [4] with updates marked in blue.
2. DESIGN FOR N-RACH
This section describes the N-RACH design including the new burst format with length of two slots using GMSK symbol sequences as specified in [1]. This section also describes the MS behaviour in deciding the burst type, the number of required repetitions and also the selection of repetition intervals.
2.1 RACH procedure
2.1.1 Current RACH control parameters
Currently RACH transmission is controlled by some parameters listed below. These are applied when the CIoT device is under normal coverage. 
· RXLEV-ACCESS-MIN defines the minimum received signal level that must be detected by MS for accessing the network.
· MS-TXPWR-MAX-CCH [0…31] defines the maximum transmitter power level in dBm used for RACH in CCH. 
· MAX-RETRANS parameter [1, 2, 4 or 7] defines the maximum number of RACH re-transmissions.
· TX-INTEGER parameter [3 - 50] in TDMA frame periods defines the maximum delay for every new randomly timed RACH attempt and is linked to S-parameter that defines spacing for next attempts. 
· CELL-BAR-ACCESS and Access Class Barring can be used to inhibit the access to a cell or for certain access classes and Extended Access Barring (EAB) authorization mask introduced in Rel-10.
· INIT_PWR_RED parameter controls Rel-10 MS to reduce TX power for first random access based on DL RX level estimate.
2.1.2 Doubled RACH opportunities for CIoT device under normal coverage 
The CIoT device under normal coverage condition, i.e. when received signal level exceeds RXLevAccessMin, uses the existing RACH burst format in the CCH timeslot as specified in 45.002. CIoT devices may send normal RACH also in both time slots 0 and 1 on BCCH carrier, providing doubled amount of random access opportunities compared to existing RACH. Selection of which timeslot to use is random, but it is kept same during consecutive attempts. 
2.1.3 CIoT device beyond normal coverage

When the coverage condition is below RxlevAccessMin, new N-RACH burst format with pre-coding of data bits for GMSK symbol sequences will be used. N-RACH uses different TSC code, so it can be distinguished from normal RACH types.  For allowing chase combining for up to 16 N-RACH bursts, the timing of N-RACH re-transmissions can’t be random. In order to maximise random access opportunities, the number of N-RACH repetitions is determined from DL path loss. 

Determining number of N-RACH repetitions for chase combining
Transmission of RACH is stopped when immediate assignment is received or when the amount of re-transmissions is reached path loss based count. This latter mechanism is meant to limit unnecessary repetitions at better conditions, by signalling NRXLevAccessMin and N-ACCESS-PATHLOSS-DIVIDER [3, 4, 5 or 6] dB in N-BCCH. Number of N-RACH repetitions is be defined as:
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Table 1 provides an example with RXLevAccessMin =-111dBm, MaxNumRTX=16, NRXLevAccesMin =-131 dBm for possible N-ACCESS-PATHLOSS-DIVIDER values.
Table 1 – Example for number of N-RACH repetitions 

	RX levels vs. N-ACCESS-PATHLOSS-DIVIDER
	Number of N-RACH Transmissions

	3
	4
	5
	6
	

	>-131 dBm
	>-131 dBm
	>-131 dBm
	>-131 dBm
	16

	>-128 dBm
	>-127 dBm
	>-126 dBm
	>-125 dBm
	8

	>-125 dBm
	>-123 dBm
	>-121 dBm
	>-119 dBm
	4

	>-122 dBm
	>-119 dBm
	>-116 dBm
	>-113 dBm
	2

	>-119 dBm
	>-115 dBm
	>-111dBm*)
	>-109 dBm*)
	1

	>-111 dBm
	>-111 dBm
	>-111 dBm
	>-111 dBm
	Normal RACH


 
*) Normal RACH is selected
Spacing between N-RACH re-transmissions

The spacing NSPACE between retransmissions is derived from the number of determined retransmissions and NTIN, signalled in N-BCCH, which defines the exact delay between retransmissions, as depicted in the table below. The purpose of differentiated spacing is to avoid collisions between chase combining processes and also to enable estimating the used number of repetitions in BSS as an indication of path loss seen by CIoT device.  Parameterisation allows wider spreading of repetitions, e.g., at higher load to obtain better diversity but with cost of added delay. 
Table 2 Spacing of N-RACH repetitions

	NTIN


	N-RACH Spacing value NSPACE vs. Number of N-RACH transmissions

	
	1
	2
	4
	8
	16

	1
	N.A.
	33
	15
	7
	4

	2
	N.A.
	68
	31
	13
	7

	3
	N.A.
	100
	41
	22
	12

	4
	N.A.
	157
	59
	27
	14


Selection of N-RACH spacing values aims for minimising collisions between two CIoT devices. 
Re-attempts e.g. due to collisions for up to N-MAX-RETRANS with set of new re-transmissions may occur at earliest NTIN*2 51-multframes after the last repetition and with T3 being selected again randomly.  
Example of 4 random access attempts where one N-RACH attempt is repeated 4 times with NTIN=1 (red) and 3 RACH attempts (green) with one reattempt for each with TX-INTEGER=5 is shown in the Figure 1. 
[image: image2.emf]
Figure 1 N-RACH (red) transmitted 4 times and 3 RACH (green) attempts with a reattempt.
2.2 N-RACH burst format
The N-RACH burst using GMSK symbol sequences to carry the same amount of encoded data-bits will require two time slots. For this purpose, new burst format using two time slots is defined as given in Table 3. By default the N-RACH burst will be mapped to TS0 and TS1. It is possible to configure the time-slots for N-RACH via System information also as similar to PRACH configurations.
Table 3 Definition of periods for N-RACH burst

	Period 
	Length in symbols

	Guard symbols
	8

	Training Sequence
	89

	Data
	144 (18 GMSK symbol sequences)

	Guard Symbols
	68.5


2.2.1 Training sequence for N-RACH Burst

N-RACH transmissions will use two training sequences of 89 bit length, from which TS2 is used for N-RACH in case of paging response, as depicted in Table 4. 
Table 4 Definition of TSC’s for N-RACH

	TSC 
	Training Sequence bits

	TS1
	0, 1, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 1, 0, 1, 1, 0, 0, 1, 0, 1, 1, 0, 1, 0, 1, 0, 1, 1, 0, 1, 0, 0, 0, 1, 1, 0, 1, 1, 0, 0, 1, 1, 0, 0, 0, 1, 1, 0, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 0, 0, 1, 1, 1, 1, 0, 1, 0, 1, 0, 0, 0, 1, 0, 1, 1, 1, 0, 0, 0

	TS2
	Bits are defined as in TS1, but bit order is reversed.


These new training sequences are based on shortened 91 bit sequence in [7] and are subjects to further optimisation. Autocorrelation for N-RACH TS1 and cross correlation properties with other training sequences used for RACH and PRACH are depicted in Figure 2 as absolute values.

[image: image3.emf]0 20 40 60 80 100 120 140 160 180

0

50

100

autocorrelation for N-RACH TS1

0 20 40 60 80 100 120 140 160 180

0

5

10

15

20

cross correlations for N-RACH TS1


Figure 2 Absolute values for autocorrelation of N-RACH and cross-correlations with other RACH types.

2.2.2 Channel coding
Channel coding is done as for existing RACH burst.
2.3 Chase Combining for N-RACH bursts 

BSS may process normal RACH bursts received in slot 0 linked in RX processing of timeslot 0 and RX processing of N-RACH bursts may occur at next slot, when whole transmission of two slots N-RACH is received. 
In each frame BSS may try to decode possible N-RACH with 1, 2, 4, 8 or 16 repetitions, i.e. 4 decoding attempts per frame, by combining information from earlier possible locations of bursts. So chase combining memory of BTS contains information from about 1 s period (14*16=224 frames) of bursts in total with NTIN=4. 
2.4 Information bits for N-RACH bursts 
A new message N-Channel-Request will be sent over the N-RACH Access bursts, containing 11 information bits as depicted in Table 5. 
Table 5 Definition of information bits for N-RACH burst

	Period 
	Length in bits
	Definition

	Random bits
	7
	

	Access Priority
	1
	0: normal priority

1: alarm priority

	Block Count
	1
	0:  ≦ 12 blocks (≦ 240 B)

1:  > 12 blocks (> 240 B)

	DL Radio Quality
	2
	0:  0 dB ≦ SINR

1:  -3 dB ≦ SINR < 0 dB

2:  -6 dB ≦ SINR < -3 dB

3:  SINR < -6 dB


Information bits for the paging response sent on N-RACH are FFS.

3. PERFORMANCE Evaluation
3.1 Link Simulation Assumptions

Simulation assumptions for evaluating N-RACH performance are depicted in Table 6 below. 
	Parameter
	Value

	Logical Channel
	N-RACH

	Channel profile
	TU

	Mobile speed
	1.2 km/h

	Band 
	GSM 900

	Number of repetitions
	8

	Frequency error model 
	Typical 


Table 6 Simulation Assumptions for N-RACH performance evaluation.
Performance for N-RACH was assessed for the sensitivity scenario without collision first to decide the base BLER Performance.
3.2 Sensitivity

The simulation results for BLER performance for N-RACH burst with repetition interval of 4 and maximum 16 repetitions without collisions are illustrated in Figure 3. It is noted that for this evaluation a different TSC was used than proposed in section 2.2.1 (64 bit TSC for legacy SCH used and extended by zeros on one end). Results for the TSC in section 2.2.1 will be updated in the next revision.
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Figure 3 Sensitivity of N-RACH with 16 repetitions at TU1.2nFH
3.3 Link Layer Impact of collision

3.3.1 Capture effect and receiver algorithms
The link level performance is known to have impact on mitigating collisions, through so called capture effect where the strongest random access burst is detected. Capture effect may provide 50% gain with capture threshold of 6dB [6] over maximum 37% throughput of slotted Aloha system. The capacity gain is also shown to improve with lowering the capture threshold, thus link performance enhancements, e.g., Interference Rejection Combining for RACH, expected to further improve the RACH capacity. 
3.3.2 Different Training sequences and chase combining

Use of different training sequences for RACH and N-RACH enables lower or even negative capture threshold. The chase combining process may tolerate part of N-RACH bursts colliding with RACH. 
4. N-RACH CAPACITY CALCULATIONS

4.1 Assumptions

The following assumptions are made in initial capacity evaluation:
· Path loss distribution is derived from the system model [2].
· Both MAR and Network Command based traffic models [2] are assumed to generate 1 RACH per transaction.
· Initial power reduction is not used for Normal RACH.
· Only coverage constrained case without interference is modelled with 6 dB margin.
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Figure 4 RX level distribution based on system model [2]

4.2 Analytical modelling
Simple N-RACH capacity analysis [5] is made in this chapter to estimate number of RACH attempts served based on number of random access opportunities per each N-RACH repetition scheme, if all devices are with the same path loss. Estimate is given for 10% and 37% collision probabilities.  
The number of random access opportunities per second (N) is given by,
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For the given Intensity of RACH per seconds (λ) is, the collision probability Pc can be calculated as:
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 E.g. for collision rate of 10% that would mean 99% success with second attempt. 

Intensity at collision rate of Pc is given by
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In this analysis all devices are assumed capable of N-RACH, including possibility to transmit normal RACH also in time slot 1.
Table 7 Random access throughput per second

	 Minimum RX Level
	RACH type, repetitions
	 RACH oppor-tunities per second

N
	Succeeded Random Access attempts per second 
	Portion of cell users in system model

(coverage, with 6 dB margin)

	
	
	
	P(c)

=10%
	P(c)

= 37%
	

	-131 dBm
	N-RACH, 16
	14
	1
	5
	1%

	-128 dBm
	N-RACH, 8
	27
	3
	10
	1%

	-125 dBm
	N-RACH, 4
	54
	6
	20
	2%

	-122 dBm
	N-RACH, 2
	108
	11
	40
	2%

	-119 dBm
	N-RACH, 1
	217
	23
	80
	9%

	-111 dBm
	RACH, 1
	434
	46
	160
	85%


As reference the MAR and NC traffic models generate average of 13.6 attempts per second per cell or 0.93 RACH attempts per hour/device from devices distributed evenly in cell area.
If more N-RACH capacity is needed e.g. in larger cells, it is possible to multiply with extended CCCH with 2, 3, or 4 pairs of BCCH and N-BCCH time slots. 
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Figure 5 Probability of collision vs. RACH and N-RACH intensity
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Figure 6 RACH and N-RACH Throughput vs. Attempt Intensity without impacts of capture effect and chase combining 
With given system assumptions of 52547 CIoT devices producing intensity of 13.6 random access attempts per second per cell, it was estimated that collision probability for first attempt in coverage limited scenario with 6 dB margin is 2.6% with N-RACH.
5. Conclusion

· Initial analytical system modelling based on path loss with 6dB margin shows that RACH load in given system and traffic models for MAR and NC [2] can be served with random access collision probability of 2.6% for the first attempt.

· Link simulations including study for capture thresholds with the same and different training sequences and partial collisions with chase combining are for further study.
· Section 2 is proposed to be included in TR 45.820, see accompanied text proposal in [3].
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