3GPP TSG GERAN#64		GP-140886
San Francisco, USA		Agenda item 7.1.5.3.5
17th – 21st of November, 2014
Source: Ericsson LM		
3GPP TSG GERAN#64		GP-140886
[bookmark: _GoBack]GSM Evolution for Cellular IoT - RACH design and performance 
[bookmark: _Ref206493657]Introduction
In this contribution the GSM evolution RACH channel performance is evaluated in extended coverage under initial assumptions on mobile autonomous and network triggered access load. It is shown that the capacity of a dedicated RACH channel on TS1 is sufficient to handle the load from Cellular IoT, given preliminary assumptions made in this paper. It is shown that the negative performance impact by using a conventional receiver is limited at the investigated arrival rates, and that performance gains are possible if using an overlaid CDMA technique.
In Section 2 simulation parameters, models as well as assumptions are described.
In Section 3, the results are presented.
[bookmark: _Ref399581249]Simulation Settings
0. [bookmark: _Ref403492572]Basic Simulation Properties
The basic simulation properties are summarized in Table 1. Notable is that the normal burst (NB) was used for the RACH, as described in the concept of Accelerated Access System Procedure (ASAP), see [1]. ASAP allows more efficient signaling which is important for Cellular IoT, and facilitated the investigation since the multiple TSCs used for the different coverage classes are already available for the NB. It is expected that similar conclusions would be drawn if access bursts (ABs) are instead used, as long as the coding rate is similar and the bursts are aligned similarly in time, but this is not investigated in this contribution.
[bookmark: _Ref399427350]Table 1: Basic Simulation Properties.
	Parameter
	Setting

	Propagation model
	Typical Urban

	MS speed
	1.2 km/h

	Frequency hopping
	No

	Receiver mode
	2 Rx antennas, IRC

	Repetition combining
	I/Q accumulation with frequency offset compensation

	Logical channel
	RACH normal burst with 48 bit payload [1]

	TSC
	A unique TSC was configured per coverage class. 

	Number of unique bursts
	100000 
(Given k repetitions, k x 100000 bursts are transmitted)

	Interfering bursts
	Mix of repeated GMSK normal bursts, see Section 2.3, unless otherwise stated.

	Frequency error
	Drawn from a normal distribution with mean 0Hz and standard deviation 25Hz independent for carrier and all interferers. New realization after each completed repetition interval.



0. [bookmark: _Ref399489056]Coverage Classes and Signal Levels
Five coverage classes are assumed using 1, 2, 4, 8 and 16 repetitions (or transmissions of the same burst). The average relative powers between bursts of the coverage classes are 0dB, ‑3dB, ‑6dB, ‑9dB, ‑12dB for coverage class 1, 2, 3, 4 and 5 respectively, which maps well to the expected 3 dB gain per doubling of repetitions. This will not take into consideration the fact that coverage class 1 devices generally are more than 3dB stronger than coverage class 2 devices. The model will however be valid for devices near the cell border. It can be noted that there is a coarse power control on the RACH available in GSM today (RACH power reduction), but this has also not been taken into account.
The accuracy of the estimation of a device’s coverage class is not covered in this contribution.
Each coverage class has one assigned training sequence code (TSC). All users in the simulation use the TSC associated with its class. If two users are of the same class they will use the same TSC, this is also true for the desired signal. It is assumed that the repetition intervals are fixed in time, i.e. class 1 can transmit every burst, class two can start transmitting every other burst, class three can start transmitting every 4th burst etc., see Figure 1. 
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[bookmark: _Ref400615330]Figure 1: Illustration of coverage class repetition mapping
The first RACH burst in a full cycle of RACH bursts, that spans a full hyperframe, corresponds to TS1 of the TDMA frame for which FN = 0. It is assumed that all coverage classes transmit on the same timeslot. Collisions are possible with both interferers of the same class and with interferers of all other classes. 
0. [bookmark: _Ref399431633]Interference model
RACH collisions are modeled with repeated interfering normal bursts with an arrival intensity modeled by a Poisson process. When an interferer of coverage class X is born, that same burst is repeated 2(X-1) times with TSC according to Section 2.2. The distribution between classes is assumed to be 0.6, 0.2, 0.1, 0.05, 0.05 for class 1, 2, 3, 4, 5 respectively. This is an initial assumption that needs to be updated once a complete path loss model has been agreed.
The total arrival intensity for RACH, i.e. access attempts without repetitions, is assumed to be 4.49 events/s [2]. 
Overlaid CDMA
The RACH performance can be improved by using for example an overlaid CDMA technique, [3]. The performance of overlaid CDMA have been simulated using the same framework as described in Section 2.1, Section 2.2 and Section 2.3, with the exception that colliding RACH burst always are in the same coverage class as the desired signal. 
[bookmark: _Ref399581260]GSM Evolution RACH Performance
[bookmark: _Ref403493611]Conventional RACH Receiver
[bookmark: _Ref400619295]The SNR degradation for a conventional receiver for different coverage classes due to RACH collisions are shown in Figure 2. As a reference it can be noted that at 10% BLER the SNR for 16 repetitions is below -9 dB when no collisions occur roughly corresponding to an MCL of 159 dB, i.e. a 15 dB coverage improvement compared to a reference MCL for GPRS of 144 dB. Figure 2 shows that the SNR degradation is low for the relevant interferer intensities assumed. The RACH collisions in Figure 2 and Figure 3 are modelled according to Section 2.3.
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[bookmark: _Ref403493075]Figure 2: SNR degradation for different coverage classes
The BLER degradation for different coverage classes due to RACH collisions are shown in Figure 3. Figure 3 shows that the BLER degradation is low for the relevant interferer intensities assumed.
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[bookmark: _Ref400724499]Figure 3: BLER degradation compared to no collisions at 10% BLER
Overlaid CDMA
Figure 4 and Figure 5 show the performance gains of using overlaid CDMA compared to the same conventional receiver used in Section 3.1. The RACH collisions in Figure 4 and Figure 5 are always of the same coverage class as the desired signal, hence direct comparison to Figure 2 and Figure 3 are not possible and the relevant intensity here is not necessarily 4.49 events/s. The improvements brought by OLCDMA are not surprisingly increasing with increasing coverage class. 
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[bookmark: _Ref403493543][bookmark: _Ref403493672]Figure 4: SNR degradation improvement with OLCDMA
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[bookmark: _Ref403493548]Figure 5: BLER degradation improvement with OLCDMA at 10% BLER

Conclusions
In this contribution the performance of the RACH channel is investigated for GSM Evolution given preliminary assumptions for Cellular IoT. 
Given these assumptions the results indicate that GSM Evolution can cater for the assumed range of access loads with a low SNR and BLER degradation, assuming a conventional RACH receiver. If using an overlaid CDMA technique performance improvements are possible.
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