3GPP TSG GERAN #66






















        GP-150434
Vilnius, Lithuania




















       Agenda item 7.1.5.3.5

25th – 28th May, 2015
Source: Ericsson LM


Pseudo CR 45.820 – EC-GSM, EC-RACH system capacity evaluation
1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.

Part of the evaluation of different candidate technologies is to show results for the random access channel by system level simulations. The related requirements on the evaluation are captured in the TR in subclause 5.7.
1.2
Reason for change

The candidate EC-GSM has provided system level results on the EC-RACH channel based on system level simulations.
1.3
Summary of change

Parts of the discussion paper with system level simulation results for EC-GSM is included in the TR with a reference to the discussion paper.
The placeholder for BLER performance is removed since the link level results to be provided for RACH is for the false detection rate, which is already provided.
1.4
References

[1]

GP-140421, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, source VODAFONE Group Plc. GERAN#62
pCR to 3GPP TR 45.820-v1.2.0
	First and only modification


6.2.6.2
EC-RACH

6.2.6.2.1
Link level evaluations

6.2.6.2.1.1
False detection

A high false detection of the random access will waste resources in the network, and hence it is of interest to ensure that a low false detection rate, as low as GSM can be kept also for EC-GSM. 

The performance of the EC-RACH channel has thus been evaluated using thermal noise as input to the receiver, and the falsely detected RACH bursts are recorded. The simulation assumptions as described in GP-150155[6.2-7].z has been followed with the addition of assumptions listed in table 6.2-17.

Table 6.2-17. Simulation assumptions for EC-RACH false detection and blind TSC detection

	Parameter
	Setting

	Logical channel
	RACH NB, see subclause 6.2.3.2.1,
RACH AB 8 bit or
RACH AB 11 bit.

	TSC
	1 NB TSCs and 3 AB TSCs for CC 1.
1 NB and 1 AB for other coverage classes.

	Number of unique bursts
	1e6

2e4 for investigation in 6.2.6.2.1.2

	Blind TSC Detection
	On

	Overlaid CDMA
	Not used


In GSM today there is a false detection requirement on the RACH defined in 3GPP TS 45.005 (see [5]) of 0.02%.

"For a BTS on a RACH or PRACH with a random RF input, the overall reception performance will be such that less than 0,02 % of frames are assessed to be error free."
This target false detection rate is aimed for also in the case of EC-GSM.

Furthermore, it can be noted that the false detection rate is effectively increased by the support of extended coverage classes since the BTS will have to attempt to decode more than one coverage class (sometimes up to six) in some of the received timeslots, see figure 6.2-5.

The false detection rate (FDR) per coverage class, as well as the total false detection rate, is shown in table 6.2-18. As can be seen, the minimum requirement on 0.02 % is met.

Table 6.2-18. False detection rate on EC-RACH.

	Coverage Class (Number "repetitions")
	FDR [%]

	Coverage Class 1 (1)
	0.001

	Coverage Class 2 (2)
	0.002

	Coverage Class 3 (4)
	0.001

	Coverage Class 4 (8)
	0.001

	Coverage Class 5 (16)
	0.001

	Coverage Class 6 (32)
	0.003

	Total
	0.009


6.2.6.2.1.2
Blind TSC detection

In current GSM systems a BTS need to detect between three different TSCs on the RACH, an 8-bit access, and two different 11-bit accesses. With EC-GSM, this increases to four TSCs on TS0 with the introduction of normal burst RACH, while on TS1 three different TSCs are at most used (8-bit access not supported), see subclause 6.2.4.6.6.

Simulations have been run to ensure the performance degradation due to the additional blind TSC detection is within acceptable limits.

The simulation assumptions in subclause 6.2.6.2.1.1 have been followed, and the results on blind TSC detection (BTD) are shown in table 6.2-19. As can be seen, the negative impact on performance is limited to 0.2 dB for coverage class 1, and 0.1 dB for other coverage classes.

Table 6.2-19. Blind TSC detection degradation.

	Coverage Class (Number "repetitions")
	BTD [dB]

	Coverage Class 1 (1)
	0.2

	Coverage Class 2 (2)
	0.1

	Coverage Class 3 (4)
	0.1

	Coverage Class 4 (8)
	0.1

	Coverage Class 5 (16)
	0.1

	Coverage Class 6 (32)
	0.1




6.2.6.2.2
System level evaluations


The evaluations presented in this subclause are a summary of the full evaluation presented in [6.2-X].
6.2.6.2.2.1
Aspects of the EC-RACH modelling
The EC-RACH is mapped onto TS1 of the BCCH carrier, and serves users both in normal and extended coverage. 

There are in total six coverage classes defined. These are also used by the system level simulations. A lower number of coverage classes have also been investigated in this contribution where 1, 8 or 32 repetitions are used by a device when accessing the system

The receiver is assumed to perform IQ accumulation of the received RACH repetitions without any interference compensation. That is, if one or more CC1 user causes high interference to one or more bursts that are repeated for higher coverage class users, it could effectively cause the IQ accumulation performed over the whole repetition period to be lost.

To model the link performance, the methodology described in [6.2-Y] has been used.

No power control is applied on the EC-RACH channel. 

The burst type used in the simulations is the Access Burst and the 11-bit access format, see subclause 6.2.4.6.

No overlaid CDMA is assumed in the simulations.

The number of RACH requests (initial RACH request plus RACH request retries) per system access attempt is assumed to be 6. This value is signaled in the System Information and applicable to all devices in the system, see subclause 6.2.5.3. 

The sleep time between two system access attempts is assumed to be 1.5 seconds. It is defined as the silent period between the last burst of a prior system access attempt and the first burst of the next system access attempt. 
6.2.6.2.2.1
Simulation settings and output
The system level simulation assumptions in Annex D have been followed. 
Other specific assumptions are shown in Table 1.

Table 6.2-x. Simulation assumptions, in addition to the ones in Annex D.
	Parameter
	Value

	System size
	108 cells

	System access attempts simulated
	~ 1.6e6

	Frequency re-use on BCCH layer
	12

	#TRX/cell
	1 (BCCH)

	Arrival rate CIoT
	6.8 users/sec1

	Arrival rate legacy CS/PS
	5 or 10 users/sec2

	Max. RACH requests per system access attempts
	4 or 6 (denoted as N)

	Sleep time between system access attempts
	1.5 sec

	Power control
	Off

	Device output power
	23 dBm (100%), or,

33 dBm (100%)

	Building penetration loss scenario
	1 and 2, see Annex D.1

	Inter-site correlation coefficient for building penetration loss
	0.5 and 0.75, see Table D.1

	NOTE1: Derived from traffic model in Annex E
NOTE2: When applicable


The output is shown as:
-
Delay CDF, as the time from when the device application triggers a first access request until it has been successfully received by the network.
-
Resource utilization, as the average resources required per user per initiated system access attempt.
-
Failed system access attempts, as the percentage of the initiated system access attempts that were not successful after reaching the maximum number of RACH requests.
6.2.6.2.2.2

Ideal vs non-ideal cell selection and coverage class estimation
In this set of results the coverage class is estimated only based on the signal strength experienced by the device. The estimation of the signal strength is assumed to be ideal (i.e. the long term average, without fast fading component, is assumed to be known), or non-ideal. 
In case of non-ideal cell selection this is based on the findings in subclause X
, where it can be seen that the error in the signal strength estimation can be modeled by a normal distribution with standard deviation of 4 dB. That is, some cells will appear stronger than they actually are, and vice versa. The device always selects what is believed to be the strongest cell. Effectively this increases the interference levels in the network, as well as the resource utilization.
The delay CDFs for the 23 dBm and 33 dBm output power classes are shown in Figure 6.2-x for the ideal cell selection case.

As can be seen, the vast majority of users will experience a successful system access attempt in their first RACH request. 
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Figure 6.2-x1. EC-RACH, delay CDF, ideal cell selection.

The average resource utilization as well as the percentage of failed system access attempts on the EC-RACH is shown in Table 6.2-y1 comparing ideal cell selection and non-ideal cell selection.

Table 6.2-y1. Average resource utilization/system access attempt, and failed attempts– ideal and non-ideal cell selection

	Output 
power 
[dBm]
	BPL
	Resource utilization
[Av. # bursts]
	Failed system access attempts [%]

	
	
	Ideal cell selection
	Non-ideal cell selection
	Ideal cell selection
	Non-ideal cell selection

	23
	Scenario 1, corr. 0.50
	1.6
	2.1
	0.01
	0.08

	
	Scenario 2, corr. 0.50
	2.0
	2.7
	0.03
	0.12

	
	Scenario 1, corr. 0.75
	2.1
	2.8
	0.04
	0.13

	
	Scenario 2, corr. 0.75
	2.8
	3.8
	0.09
	0.28

	33
	Scenario 1, corr. 0.50
	1.1
	1.1
	0.00
	0.01

	
	Scenario 2, corr. 0.50
	1.1
	1.2
	0.00
	0.02

	
	Scenario 1, corr. 0.75
	1.1
	1.2
	0.00
	0.02

	
	Scenario 2, corr. 0.75
	1.2
	1.4
	0.01
	0.03


It can be seen that both the resource utilization and failed system access attempts are impacted by the non-ideal cell selection. Most impact is visible for the 23 dBm output power classes where the failed system access attempts increase to at most 0.28% for the most challenging building penetration loss scenario. The absolute levels are still low, both in terms of resource utilization and in terms of failed system access attempts. Also, it should be mentioned that all users are kept in the system, while in reality the extended coverage on the UL would be limited to 10 dB beyond GPRS.
6.2.6.2.2.3

Interference from legacy users
One of the principles with EC-GSM is that it can be multiplexed with traffic in a legacy GSM deployment. One of the differences in such a deployment, according to the study assumptions, is that none of the legacy devices would be subject to additional building penetration loss, while all CIoT devices would. Especially on the UL, this could imply an increased adjacent and co-channel interference scenario.

To investigate this, an additional load of 5 or 10 access request/second/cell of legacy devices have been modeled, leading to a total of 6.8+5=11.8 or 16.8 accesses per second and cell respectively in the system. These legacy devices will not access on the EC-RACH, using TS1, but would act as external interference from other cells. For these devices a simple power control has been adopted setting a signal level target 5 dB higher than the target SINR. No power control is assumed for the CIoT devices. Legacy devices always use a 33 dBm output power level (and using an assumption on 0 dBi from the device antenna). In all cases non-ideal cell selection is assumed. In all cases, no visible impact on resource utilization or failing system access attempts was seen.
6.2.6.2.2.4
Impact of number of coverage classes on EC-RACH
The number of coverage classes in this investigation is reduced from the otherwise used six number of classes to three. Using less coverage classes would reduce the payload space in the access request, and reduce the number of training sequences needed on the EC-RACH, lowering the complexity of the BTS. 

The impact of delay by going from six to three coverage classes is shown in Figure 6.2-x2.
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Figure 6.2-x2. EC-RACH, delay CDF, impact on  number of coverage classes used.
It can be seen that there is no big difference in the two different assumptions from a delay point of view. Using a higher coverage class than needed, would improve block error rate performance (unless it causes too much interference), but increase the transmission per RACH request. The total effect is seen not to have an impact on the system.

The six coverage classes currently proposed include using a single transmission for users in normal coverage, to using 32 blind transmissions in total for users in worst coverage. An increase in coverage class means a doubling of the number of blind transmissions. When using three coverage classes, the number of transmissions used for the coverage classes are assumed to be 1, 8 or 32.
In Table 6.2-y2 results are shown comparing the use of six coverage classes with reducing it to three coverage classes. 
Table 6.2-y2. Average resource utilization / system access attempt – non-ideal cell selection, using different number of coverage classes (CC)
	Output 
power 
[dBm]
	BPL
	Resource utilization
[Av. # bursts]
	Failed system access attempts

[%]

	
	
	6 CC
	3 CC
	6 CC
	3 CC

	23
	Scenario 1, corr. 0.50
	2.1
	2.8
	0.08
	0.07

	
	Scenario 2, corr. 0.50
	2.7
	3.5
	0.12
	0.11

	
	Scenario 1, corr. 0.75
	2.8
	3.6
	0.13
	0.13

	
	Scenario 2, corr. 0.75
	3.8
	4.9
	0.28
	0.27

	33
	Scenario 1, corr. 0.50
	1.1
	1.2
	0.01
	0.00

	
	Scenario 2, corr. 0.50
	1.2
	1.3
	0.02
	0.01

	
	Scenario 1, corr. 0.75
	1.2
	1.4
	0.02
	0.01

	
	Scenario 2, corr. 0.75
	1.4
	1.7
	0.03
	0.03


As can be seen, the resource utilization is negatively impacted by the reduction in coverage classes. This is most visible for the case of 23 dBm output power where there are more users in extended coverage, and hence a sub-optimum usage of resources will have more impact. Failed attempts, on the other hand, is basically not impacted. This can be explained by the fact that more users repeat more times than necessary, which effectively will lower the BLER rate as long as it does not result in a larger effect of increasing system interference.

As with earlier simulations, absolute figures are still at low levels, with only at most 0.28% devices in the 23 dBm case not being able to access the network. For the 33 dBm case the impact is minimal.

Moreover, the resource utilization and failed system access attempts for the 23 dBm case could be reduced by not allowing users out of coverage to access the system.

Furthermore the receiver implementation is not optimum since blind IQ accumulation is performed over all repeated bursts. This will be more visible in these sets of results since users will generally use more blind repetitions. With a simple scheme in the receiver, this effect should be possible to alleviate.
	Next modification
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