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Impact on PDCH for EC-GSM-IoT in a reduced BCCH spectrum allocation (including carrier SS vs SINR measurements) 
Introduction
At GERAN#67 a new work item named Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things (WI code: CIoT_EC_GSM) was approved, see [1]. One of the objectives of the work item is the following:
“Support for extended coverage GSM deployment in a reduced BCCH spectrum allocation, provided it is shown to be feasible, from 4/12 (2.4 MHz) frequency re-use to 3/9 (1.8 MHz) or 1/3 (600 kHz) frequency re-use, where legacy CS users might not be supported, and add respective normative changes, if any.”
The BCCH layer serves many purposes, which may be negatively impacted by a tightened reuse, including the following:
1. [bookmark: _Ref432079203]Frequency and time synchronization (EC-FCCH, EC-SCH)
2. [bookmark: _Ref432079209]Cell identification (reading BSIC on EC-SCH) and received signal level measurements e.g. for cell reselection purposes
3. System information acquisition (EC-BCCH)
4. [bookmark: _Ref432079440]Common control signaling (EC-RACH, EC-PCH, EC-AGCH)
5. [bookmark: _Ref432079442]User data traffic
In this contribution, item 5 is investigated for EC-GSM-IoT MTC services for BCCH layer spectrum allocations using 2.4 MHz down to 600 kHz.
Assumptions
Traffic generation
MTC traffic is generated according to the MAR periodic reporting and Network Command traffic models [3]. The split between these is 80 % MAR periodic and 20 % Network command.
EC-RACH interference
Interference from EC-RACH without power control has been modelled.
BCCH Power Savings
BCCH power savings can be used to reduce interference on the BCCH frequency layer.  With tighter BCCH frequency re-use the importance of this functionality increases. BCCH power savings can be used with various levels of reduction and selections of what timeslots and channels it should be applied to. For simulator implementation a simple implementation for BCCH PS was used with a reduction of 6 dB for timeslots not used for EC-PDTCH or EC-PACCH. 
Uplink Power Backoff
A power backoff of maximum 4 dB is used on EC-PDTCH and EC-PACCH in uplink. This power regulation is based on signal strength measurements. It is worth to note the following:
· The applied model follows the information provided in the EC-EGPRS CHANNEL REQUEST, see [6]. 
Simulations
Simulation assumptions
The system level simulation assumptions in [3] have been followed. Other specific assumptions are shown in Table 1.
System parameters
[bookmark: _Ref416799473]Table 1. Simulation assumptions, in addition to [3]
	Parameter
	Value

	General
	

	Simulation time
	100 s

	System size
	108 cells
(all frequency re-uses)

	Direction
	UL and DL

	Frequency band
	900 MHz

	Layer
	BCCH

	Frequency re-use
	4/12, 3/9, 1/3

	BTS antenna diversity
	MRC

	BTS output power
	43 dBm

	Cell radius
	577.33 m

	Number of seeds
	20 for 33 dBm, 1 for 23 dBm

	EC-GSM-IoT MTC parameters
	

	Number of repetitions
	1, 4, 8 and 16

	EC-PDTCH timeslots per cell
	6 PDCH(note 1)

	EC-GSM-IoT MTC arrival rate per cell and second
	6.8 (100%)(note 2)

	Fixed UL allocation
	On

	BT_Threshold_DL
	-92, -101 and -103 dBm for carrier CC DL
9 dB for SINR CC DL

	X (DL_Signal_Strength_Step_Size used in the channel request)
	3 and 6 dB

	BT_Threshold_UL
	-101 dBm

	Coding schemes in DL
	MCS-1, MCS-2, MCS-3 and MCS-4

	Coding scheme in UL
	MCS-1

	EGPRS L2S model
	Approximated by EGPRS L2S (MCS-1) with IR on the UL and without IR on the DL, see [4]

	Minimum delay between subsequent transmissions on EC-PDTCH and EC-PACCH
	1 radio block

	Incremental Redundancy
	On (UL)
Off (DL)

	Power control
	On. 
Power savings 6 dB DL if nothing to transmit on BCCH TS2-TS7.
0, 2 and 4 dB for EC-PDTCH/U and EC-PACCH/U depending on content of channel request

	IP header compression
	Off

	Device output power
	33 dBm (100%)
23 dBm (100%)

	BPL model(note 3)
	BPL-1 is applied to the EC-GSM-IoT MTC users (scenario 1 and 0.5 raa)

	Device timeout
	20 seconds

	NOTE 1: The system simulator uses a network wide timeslot alignment with a random timeslot offset between cells. 
NOTE 2: Derived from traffic models in [3]. 6.8 reports/commands per cell and second corresponds to the targeted number of devices per sector in the study.
NOTE 3: According to model in [3].



[bookmark: _Ref426471464]Cell selection and uplink coverage class selection
Cell selection and uplink coverage class selection was based on carrier measurements according to the simulator model in [8] taking 5 samples per measured cell over 5 seconds. 
No cell re-selection has been modeled. The users arrive in the system, perform measurements in idle mode to select a cell to camp on, and then connect to the network. As per the EC-GSM-IoT specification, no measurements for cell reselection are performed in packet transfer mode (PTM), and consequently no cell reselection is performed in PTM.
Downlink coverage class selection and coding scheme selection
Downlink coverage class selection was based on either SINR or carrier measurements according to the model in [8] taking 5 samples per measured cell over 5 seconds. The BT_Threshold_DL and X used for the simulations are reported in Table 2.
[bookmark: _Ref451243104]Table 2: BT_Threshold_DL and X for Carrier and SINR CC DL.
	BCCH re-use
	Carrier CC DL
	
	SINR CC DL
	

	
	BT_Threshold_DL
[dBm]
	X
[dB]
	BT_Threshold_DL
[dB]
	X
[dB]

	4/12 re-use
	-103
	6
	9
	3

	3/9 re-use
	-101
	6
	9
	3

	1/3 re-use
	-92
	6
	9
	3



In the simulations no link adaptation was used. Instead the coding scheme was intially selected to MCS-1, MCS-2, MCS-3 or MCS-4 depending on the measured SINR or carrier value reported in the EC-EGPRS CHANNEL REQUEST by the MS, see [6], and remained the same throughout the duration of the EC TBF. The MCS choice for carrier based and SINR based downlink coverage class selection are reported in Table 3 and Table 4 respectively and are based on the “DL Coverage Class” field reported by the MS in the channel request. This is a 3-bit field and hence 8 different code points can be communicated. The code points for the DL Coverage Class field are referred to as “CC CP”.  
[bookmark: _Ref451243595]Table 3: MCS choice for carrier based downlink coverage class selection.
	CC CP
	0
	1
	2
	3
	4
	5
	6
	7

	4/12 re-use
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑2
	MCS‑4

	3/9 re-use
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑2
	MCS‑4

	1/3 re-use
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑2
	MCS‑3
	MCS‑4



[bookmark: _Ref451243625]Table 4: MCS choice for SINR based downlink coverage class selection.
	CC CP
	0
	1
	2
	3
	4
	5
	6
	7

	4/12 re-use
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑2
	MCS‑4
	MCS‑4

	3/9 re-use
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑2
	MCS‑4
	MCS‑4

	1/3 re-use
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑1
	MCS‑2
	MCS‑3
	MCS‑4



Control signaling
Packet uplink ACK/NACK (PUAN) is sent on EC-PACCH/D to (negatively) acknowledge data sent in the UL and assign fixed allocations to the MS. If a PUAN is unsuccessfully received the negative acknowledged blocks will not be transmitted, i.e. the allocated MS will not transmit anything, but the radio block resources are consumed and logged as such, contributing to the overall resource usage.
Packet downlink ACK/NACK (PDAN) is sent on EC-PACCH/U to (negatively) acknowledge data sent in the DL.
EC-PACCH specific Link to System mappings has been used for EC-PACCH/D and EC-PACCH/U.
Simulated scenarios
The simulated scenarios are for downlink coverage class selection based on measured SINR and carrier signal strength for 4/12, 3/9 and 1/3 re-use, and tables and figures are presented in section 3.2.  The thresholds and the coverage class code point dependent DL MCS choice both for the SINR and carrier scenarios have been optimized to give low timeslot utilization, short delay and high capacity while aiming for an EC-PDTCH DL BLER target of 20 % for MCS-1 in order to ensure robustness of the system. For higher MCSs a higher BLER has been allowed, considering that the RCL/MAC header would still experience a low BLER level at the SINR where the higher MCSs are used. 
[bookmark: _Ref420282396]Results
The results presented are:
· Resource (TS) Usage (section 3.2.1)
· This represents the average amount of EC-PDTCH DL and UL TS resources required on average per cell in the system, for the different scenarios, see Table 5.
· Latency of MAR periodic reports (section 3.2.2)
· The latency includes time to transfer the message excluding common control signaling delay (presented in a separate evaluation, see [10]). 
· The results are presented as CDFs of the delay at the target traffic load (6.81 users per cell and second).
· Failed attempts are not included in the statistics (following the agreed methodology).
· Latency of DL application Ack (section 3.2.3)
· Latency is measured from the time an application layer DL ACK is received at the base station till the time when the device has successfully received the application layer DL ACK
· The results are presented as CDFs of the delay at the target traffic load (6.8 users per cell and second).
· Failed attempts (section 3.2.4)
· This represents the percentage of the attempts that were not successful, i.e. did not manage to get the report through during 20 seconds.
· Uplink capacity (section 3.2.5)
· Uplink capacity is defined as “spectral efficiency in number of reports/200 kHz/hour”. Results are shown in Table 6.
[bookmark: _Ref435548199]TS Usage
The TS Usage is shown in Table 5 for the downlink and uplink. On the downlink, the TS Usage increases from 0.35 TS to 0.70 TS for SINR based downlink coverage class selection and to 0.77 TS for carrier based downlink coverage class when the reuse is changed from 4/12 to 1/3. Thus, the timeslot utilization increases approximately 2.0 times for SINR and 2.2 times for carrier based downlink coverage class selection while the used frequency bandwidth is reduced four times.
[bookmark: _Ref435561170][bookmark: _Ref435561163]Table 5. TS Usage for the downlink and uplink  
	BCCH
re-
use
	33 dBm
TS usage DL
[#TS]
	33 dBm
TS usage UL
[#TS]

	
	SINR CC DL
	Carrier CC DL
	SINR CC DL
	Carrier CC DL

	12
	0.35
	0.35
	0.85
	0.84

	9
	0.37
	0.37
	0.85
	0.85

	3
	0.70
	0.75
	0.91
	0.92



	BCCH
re-
use
	23 dBm
TS usage DL
[#TS]
	23 dBm
TS usage UL
[#TS]

	
	SINR CC DL
	Carrier CC DL
	SINR CC DL
	Carrier CC DL

	12
	0.35
	0.36
	1.60
	1.59

	9
	0.37
	0.38
	1.59
	1.60

	3
	0.68
	0.73
	1.69
	1.68



It can be noted that the resource increase for the carrier based CC selection is mainly due to more conservative settings (see Table 2) when switching between coverage classes with the aim to roughly operate in the same BLER region irrespective of re-use. Generally it applies that the tighter the re-use the more interference in the system, the more conservative the coverage class thresholds (to lower operative BLER points by using blind transmissions), and the more resources are used. For SINR the same thresholds are used in all simulations (see Table 2) which will shift the coverage class distribution to more users in CC2 and above, when increasing the interference levels in the system (going to a tighter re-use).
Further, it can be noted that carrier based downlink coverage class selection gives approximately 7 % higher downlink TS usage than SINR based downlink coverage class selection in 1/3 re-use. This is however not the only benefit seen, as will be seen below. In actuality there is a trade-off between all metrics presented in this paper, e.g. a lower resource usage would have an impact on latency, CC distribution and failed attempts. All output need to be analyzed jointly.
[bookmark: _Ref435548210]	Latency of MAR periodic reports
The latency of MAR periodic reports is represented by the latency of the data transfer, i.e. the common control signaling delay, see [3], is not included. A few users will experience an increased delay as seen in Figure 1 and Figure 2. The delays are increasing with tighter frequency re-use.
[image: ]
[bookmark: _Ref451308927]Figure 1: Uplink Transmission Delay for 33 dBm.

[image: ]
[bookmark: _Ref441544161]Figure 2: Uplink Transmission Delay for 23 dBm.

[bookmark: _Ref435548220]	Latency of Downlink Application Ack
A few users will experience an increased Downlink Application Ack delay when going to tighter re-use as seen in Figure 3 and Figure 4. It can be noted that the Downlink Application Ack delay for 3/9 and 4/12 re-use is almost the same for the two downlink coverage class selection cases. However, for 1/3 re-use the delay is larger with carrier based selection compared to the SINR based selection.
[image: ]
[bookmark: _Ref451309161]Figure 3: Downlink Application Ack Delay for 33 dBm.

[image: ]
[bookmark: _Ref441544189]Figure 4: Downlink Application Ack Delay for 23 dBm.
[bookmark: _Ref435548257]Failed Attempts
At the traffic load 6.8 users per cell and second and device output power of 33 dBm, the percentage of failed attempts (i.e., the report did not get delivered within 20 seconds) is found to be less than 0.1 % in all scenarios.
[bookmark: _Ref435548269]Capacity
In the TR [2] capacity is defined as “spectral efficiency in number of reports/200 kHz/hour”. This definition is made with a standalone CIoT system in mind. Since the system in this evaluation serves only one traffic type (MTC traffic), the capacity definition is more meaningful in this case than in the previous EC-GSM-IoT investigations in which mixed services were assumed. Still it should be noted that the measure is not really a capacity measure since it does not reflect the capacity limit of the system but rather at an assumed fixed load. 
Capacity is here calculated as
(#sent reports per sector per hour)*(1 - failed attempts)/reuse 
The capacity is shown in Table 6 for the simulated scenarios.
[bookmark: _Ref435547887]Table 6: Capacity
	BCCH
Re-use
	33 dBm
Capacity
[reports/200kHz/hour]
	23 dBm
Capacity
[reports/200kHz/hour]

	
	SINR CC DL
	Carrier CC DL
	SINR CC DL
	Carrier CC DL

	12
	2038
	2038
	2055
	2055

	9
	2724
	2725
	2738
	2738

	3
	8150
	8150
	8220
	8219



As can be seen from the table, the 3-reuse scenario has four times capacity[footnoteRef:2] than the 12-reuse scenario, as expected considering the change in re-use factor, and the fact that almost no reports fails to be delivered. The capacity for the 23 dBm is a little higher than the capacity for the 33 dBm case and even higher than the theoretical capacity of 8172 for 6.81 users per cell and second due to randomization. [2:  It should be noted that this is rather an increase in spectral efficiency than capacity since the same absolute number of reports are delivered in both scenarios.] 

DL and UL Coverage Class Distribution
Table 7 and Table 8 summarizes the DL and UL CC distribution for the 4/12 and 1/3 re-use scenarios for both measured SINR and Carrier thresholds. Approximately 98 % and 97 % of all mobiles uses coverage class 1 in downlink for the 4/12 re-use and 3/9 re-use scenarios respectively. For 1/3 re-use only 79 % for SINR based and 87 % for carrier based downlink coverage class selection of all mobiles uses coverage class 1 in downlink. Approximately 98 % and 84 % of all 33 dBm and 23 dBm mobiles respectively uses coverage class 1 in uplink irrespective of the re-use.
[bookmark: _Ref451309077]
Table 7: DL and UL CC distribution for 33 dBm
	BCCH
Re-
use
	Coverage
Class
	Distribution of users in DL
[%]
	Distribution of users in UL
[%]

	
	
	 SINR CC DL
	 Carrier CC DL
	SINR CC DL
	Carrier CC DL

	12
	1
	98.2
	98.5
	97.5
	97.5

	12
	2
	1.8
	1.5
	1.8
	1.8

	12
	3
	<0.1
	<0.1
	0.5
	0.5

	12
	4
	<0.1
	<0.1
	0.2
	0.2

	9
	1
	97.0
	97.5
	97.5
	97.5

	9
	2
	3.0
	2.3
	1.8
	1.8

	9
	3
	<0.1
	0.13
	0.5
	0.5

	9
	4
	<0.1
	<0.1
	0.2
	0.2

	3
	1
	78.3
	86.4
	97.6
	97.6

	3
	2
	21.6
	11.1
	1.7
	1.7

	3
	3
	0.13
	1.3
	0.5
	0.5

	3
	4
	<0.1
	1.2
	0.2
	0.2




[bookmark: _Ref442806270] Table 8: DL and UL CC distribution for 23 dBm
	BCCH
Re-
use
	Coverage
Class
	Distribution of users in DL
[%]
	Distribution of users in UL
[%]

	
	
	 SINR CC DL
	 Carrier CC DL
	SINR CC DL
	Carrier CC DL

	12
	1
	98.3
	98.6
	83.8
	83.8

	12
	2
	1.7
	1.4
	9.2
	9.2

	12
	3
	<0.1
	<0.1
	3.9
	3.9

	12
	4
	<0.1
	<0.1
	3.1
	3.1

	9
	1
	97.0
	97.6
	84.1
	84.1

	9
	2
	3.0
	2.3
	9.0
	9.0

	9
	3
	<0.1
	0.1
	3.8
	3.9

	9
	4
	<0.1
	<0.1
	3.1
	3.0

	3
	1
	78.7
	86.5
	84.5
	84.4

	3
	2
	21.2
	11.1
	8.8
	8.9

	3
	3
	0.1
	1.3
	3.8
	3.8

	3
	4
	<0.1
	1.1
	2.9
	2.9




Discussion and conclusions
Impact from frequency re-use
This paper adds simulation results for 1/3 re-use and shows that EC-GSM-IoT MTC services may be accommodated on the PDCH of a single BCCH carrier network on as low BCCH spectrum allocations as 600 kHz. For 600 kHz there is less than 2.2 times increase in Downlink TS utilization compared to 2.4 MHz. The transmission delays are increased when going to a tighter re-use. The effect is however rather moderate compared to the 75% reduction of the required frequency spectrum, corresponding to four times the spectral efficiency. Failed rates are in all scenarios kept at a low level.
SINR vs carrier based measurements
General
This paper also compares performance between SINR based and carrier signal strength based downlink coverage class selection methods. It shows that downlink coverage class selection based on SINR has more potential than signal strength measurements, specifically in the 1/3 re-use. For 4/12 re-use the downlink TS utilization is the same for both selection methods, but also here there is a visible difference in the delay of the DL delivered reports. For 1/3 re-use, carrier based downlink coverage class selection gives approximately 7 % higher downlink TS utilization compared to SINR based downlink coverage class selection.
It should be mentioned that carrier based measurements and SINR based measurements need to be compared taking the full system impact into account. The coverage class settings will be different, and influence how devices behave in the network. Hence, all metrics investigated will be influenced when changing the CC selection method.
Coverage class distribution
The main intention to go from carrier based measurements to SINR based measurements is to get a more accurate CC selection that better reflects the experienced SINR when transmitting the block (although the measurement to base the SINR CC selection on is taken at another point in time). In contrast, for carrier based selection, the selection will not take interference into account, and hence the thresholds need to be set more conservatively (more users in higher CC) when interference is increased in order to keep the timeslot utilization and delays low.
In Figure 5 and Figure 6 the coverage class distribution between carrier based and SINR based measurements are shown. As can be seen in Figure 5 and Figure 6 the downlink coverage class and coverage class code point distribution over experienced SINR is much wider for carrier measurement based than SINR measurement based downlink coverage class selection. That means that more mobiles will make a better downlink coverage class selection if SINR measurement based downlink coverage class selection is used.
It can be noted that for carrier measurements approximately 10 % of the mobiles experiencing a downlink SINR of only 0 dB will flag the highest coverage class code point 7. 
It can also be noted that the width at half height for the distribution of coverage class code point 3 to 6 is approximately 7 to 8 dB for SINR measurements.

[image: ][image: ]
[bookmark: _Ref451309223]Figure 5: Downlink Coverage class distribution for 33 dBm. 
Carrier SS based (left), SINR based (right)


[image: ][image: ]
[bookmark: _Ref451155880]Figure 6: Downlink Coverage class distribution for 23 dBm. 
Carrier SS based (left), SINR based (right)
 BLER
To understand the system behavior it is of interest to look at the BLER performance. One way to look at it is to investigate the BLER at different coupling loss. At high coupling loss close to the coverage limit, both C based selection and SINR based selection will use higher CCs (for C based selection a MS will estimate itself to be below BT_Threshold_DL, and for SINR based selection, the SINR will be low enough even without added interference). However, for lower coupling loss ranges, a difference is expected, depending on the coverage class threshold settings for the different approaches. In Figure 7 the BLER versus Coupling Loss is shown at Coupling Loss 100 to 140 dB. As can be seen, even with a lower resource usage (as shown in Table 5) for SINR based selection, the BLER is significantly lower compared to the C based selection. 
[image: cid:image015.jpg@01D1AF20.A61BF780]
[bookmark: _Ref451309290]Figure 7: Average downlink BLER vs Coupling Loss for 33 dBm.
[bookmark: _GoBack]One can see that the BLER level is for some coupling losses higher than the aimed for 20%. However, in these regions MCS-4 can have been used, where the RLC/MAC header still would have a low BLER, and IR could be used (although not activated in the simulations). For SINR based selection, the BLER is low due to the limited MCSs usage (maximum MCS-4) and the limitation in power down-regulation on the BCCH carrier (max 6 dB). Hence, even if 8PSK MCSs have not been used in the simulations (MCS-5-9) the simulations show a potential of using these to minimize resource usage in the network and improve spectral efficiency also reducing resource usage further.
Conclusion
EC-GSM-IoT MTC services may be accommodated on the PDCH of a single BCCH carrier network on as low BCCH spectrum allocations as 600 kHz.
Downlink coverage class selection based on SINR has more potential than signal strength measurements, specifically in the 1/3 re-use. It gives lower downlink timeslot utilization and lower delays thanks to increased probability to choose a coverage class and MCS that matches the experienced SINR.
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Cell (re)selection and Coverage Class selection for EC-GSM-IoT


[bookmark: _Ref413203676]Introduction


At GERAN#67 a new work item named Extended Coverage GSM (EC-GSM) for support of Cellular Internet of Things (WI code: CIoT_EC_GSM) was approved, see [1].


CRs to 3GPP TS 45.008 introducing EC-EGPRS have been approved in [3]. One aspect that is covered in 45.008 is received signal level measurements. The purpose of this discussion paper is to continue the discussion that has taken place in GERAN relating to introducing SINR based measurements for EC-GSM-IoT. Both cell (re)selection and coverage class selection is considered in the document.


[bookmark: _Ref448929159]Current received signal level measurements


A procedure for received signal level measurements is described in subclause 6.9 of [3] and is used for the following purposes:


· Cell selection


· Cell reselection


· Coverage class selection


· Deriving the C value in packet idle mode


The principle of the current received signal level measurements is that the “received signal level at the receiver input shall be estimated by the MS on bursts of the FCCH and EC-SCH channels” and that “The estimated received signal level shall exclude contributions from other sources such as interference and noise”. 


This ensures that the MS gets a correct estimation of the signal level from the measured cell, and that the effect of BTS power down-regulation and external interference is avoided (/minimized).


[bookmark: _Ref441453403]SINR based measurements


General


Measuring the wanted signal level rather than the total signal level will be advantageous at low signal-to-noise ratios. However, in presence of interference, the link performance can be very different at a given wanted signal level, depending on the level of interference. This may have to be taken into account especially in tight reuse scenarios where interference levels can be expected to be high. 


Therefore, it has been discussed to take the SINR (signal-to-noise-and-interference ratio) into account in e.g. cell (re)selection and coverage class selection.


A straightforward way to estimate the SINR is to measure the wanted signal level W (as in current received signal level measurements, see Section 2) and the total signal level T and calculate the SINR as





To do SINR estimation in this way, and the accuracy of it is investigated in [4].


One could also envisage a quality based metric, based on for example equalizer / decoder performance, which could also reflect differences in for example interference suppression capabilities. This would however probably complicate the specification work and might also not give as accurate results as the correlation based SINR estimation as investigated in [4]. Using for example soft bit output from the equalizer might give rather noisy estimates.


Cell (re)selection


Traditionally cell selection in GSM is done based on total signal level received (RLA_C) for a certain ARFCN. The MS will camp on the cell if it is allowed to access it, RLA_C is above RXLEV_ACCESS_MIN and its output power is sufficient to access the cell.


For cell reselection additional functionality is added that allows the network to control the relative ranking between cells, where also a signal level offset for the cell reselection is possibly added.


For PEO and EC-GSM-IoT the RLA_C measure is improved by ensuring that the signal level samples are taken on resources not being subject to power control from the network. Also, for EC-GSM-IoT, contribution from interference and noise is excluded. The signal level measurements for PEO and EC-GSM-IoT are referred to as RLA_GC and RLA_EC respectively.


If cell (re)selection would be based on SINR measurements instead, it would have the MS select a cell where the least resources are expected to be used by the MS (assuming a higher SINR means less transmission time). In a pure sensitivity limited scenario the SINR based cell (re)selection and the signal level based cell (re)selection would result in the same cell being selected. However, with interference taken into account the selected cell can differ in that a SINR based selected cell might not be the strongest cell in terms of signal level selection.


Another aspect of selecting cell based on SINR is that a sort of cell breathing effect might take place. That is, a cell with a higher SINR is more probable to carry more traffic (less external interference) than neighboring cells (being interfered by the cell(s) carrying more traffic). This is illustrated with a simple example in Figure 1.
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[bookmark: _Ref448932056]Figure 1: Signal level selection (above) and SINR based selection (below)


In the top part of the figure signal level based selection is used and the MS selects the right cell due to higher signal level being received. In the lower part of the figure SINR based measurement is instead used, and the left cell is selected since the right cell creates relatively less interference.


In [4] it was shown that the SINR estimation is limited to a certain range, provided that certain accuracy is to be achieved. At higher SINR levels a signal level based measure is more appropriate. Furthermore, for a MS that supports not only EC-GSM-IoT it might camp on cell supporting only GPRS/EGPRS/PEO. In this case, those cells would be ranked based only on signal level. Hence, the MS would have a mix of cells based on SINR measurements and some based on signal level measurements.


Also, it is not clear if a SINR based measurement would result in more frequent cell reselection behavior due to varying SINR levels in the network, than if signal based measurements are used. A trigger of cell reselection measurements will consume MS battery power, and there is a trade-off in how frequent the trigger for these measurements is, and how optimum the cell that the MS camps on is.


Although it has not been investigated yet, the above mentioned aspects of SINR based measurements for cell (re)selection, makes an inclusion of it in Rel-13 of EC-GSM-IoT challenging. It is hence proposed to focus the evaluation of the remaining exception item in the exception sheet (“SINR/quality based mobile measurements”) focuses on Coverage Class selection, and leaves the cell (re)selection signal level based.


Coverage class selection


[bookmark: _Ref449006530]General


Once a MS has selected a cell, it needs to select the Coverage Class (CC) to use for initial access on the cell. The CC selection procedure is described in [3] and is basically determined after an evaluation of the signal strength measured in the cell, compared to thresholds broadcasted by the network.


In contrast to the cell selection procedure, CC selection based on SINR could have more potential than signal strength measurements. This is specifically true when tightening the frequency re-use factor, which increases system interference, and hence the signal level based metric and the SINR based metric will deviate more and more. In a strictly sensitivity limited network, both metrics provide the same result. 


DL


In GSM the DL SINR will vary over time, and could do so more than the signal level based estimation. Still, the wanted signal (RLA_EC) will be constant (disregarding fast fading components, and possible movement of the MS) over the [5 seconds] a MS will collect its SINR estimate. Also the interference will be reasonably constant considering that the GSM DL interference relatively robust to load differences due to the requirement on constant transmission by all BTS on all BCCH carriers. Using BCCH Power Savings will change the interference characteristics, but still the allowed down-regulation is within 6 dB, and considering that the MS would take [5 samples] over the [5 seconds], also the interferer level should reasonably well reflect the average level experienced in  the position of that MS.


UL


[bookmark: _GoBack]The measurements of UL interferer levels are not under control of the MS, and hence, the best the MS can do is to base the estimated UL SINR on the measured DL SINR, possibly together with the knowledge of the estimated loss in the radio link. This is however not trivial. The DL interference will not vary significantly with load, but that will UL interference (resources are empty if no users are assigned to them). So, even if there would be a strong correlation between UL and DL SINR values, i.e. SINRDL = SINRUL – X, the offset between then would vary with time. On the other hand, by the CC adaptation present on the EC-CCCH in EC-GSM-IoT, the MS would only start a TBF transfer if it is able to synchronize to a cell (decode the EC-SCH and EC-BCCH) and being assigned resources for the TBF (the CC is adapted on the EC-CCCH until both EC-RACH and EC-AGCH can be decoded). This serves as a protection in erroneous UL CC selection, if only signal level based. From the EC-RACH the network would have an estimate of the carrier strength of the MS, and will, with the blocks being sent in the TBF get a further refined estimate of the signal level. Also, the network can measure the interference level on the resources being assigned the MS, and would be able to derive an SINR estimate. Since the network is in control of the CC used when in Packet Transfer Mode, and the network will be able to change the CC in each PUAN, it can assign the UL CC based on the estimated SINR level. The network may use another metric for CC selection, as discussed in Section 3.4, for example based on equalizer output. Based on the above reasoning, the UL SINR based CC selection can take place even if the initial CC selection by the MS on the UL is signal level based.


Conclusion


Based on the above discussion the following is proposed:


· Proposal 1: SINR based measurements are only considered for coverage class selection and not for cell (re)selection purposes in the Rel-13 work for EC-GSM-IoT


· Proposal 2: SINR based measurements for coverage class selection is only considered for DL CC selection in the Rel-13 work for EC-GSM-IoT. On UL the MS selects CC based on signal strength, and the network may adopt the CC based on SINR/quality based measures.
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