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Alignment of Coverage Classes for EC-EGPRS
Introduction
The EC-EGPRS feature is currently being specified in 3GPP Rel-13, see [1]. 
One of the main objectives of the work is to specify EGPRS operation in extended coverage, which includes the introduction of new logical channels.
The principle followed by EC-EGPRS is to divide some of the logical channels into coverage classes being defined as:
A coverage range interval supported in EC-EGPRS operation. [Four] Coverage Classes are defined where Coverage Class 1 (CC1) corresponds to the approximate coverage range interval of GPRS/EGPRS. To achieve the extended coverage range intervals associated with Coverage Class 2 (CC2), Coverage Class 3 (CC3) and Coverage Class 4 (CC4) a fixed predefined number of blind physical layer transmissions is applied per logical channel, see 3GPP TS 45.002 [11] and 3GPP TS 45.003 [12]. This number of blind physical layer transmissions may differ between logical channels for the same coverage class.
This contribution addresses the number of blind transmissions to be used per coverage class in order to align the approximate coverage extension across logical channels. This to facilitate simplified systemisation and compressed signalling of the UL and DL coverage class thresholds over the EC-BCCH.
Updates since Telco#4 on EC-GSM and eDRX have been highlighted in yellow, and is due to a modified mapping of EC-CCCH CC2 blocks where time diversity has been achieved by mapping over two 51 multiframes instead of one.
Coverage class applicability
Several logical channels that are not divided into Coverage Classes can be excluded from this investigation:
· FCCH: Legacy channel that the MS will acquire when  detecting a cell.
· EC-BCCH: Always repeated 16 times to reach all MS in a cell.
· EC-SCH: Always repeated 28 times to reach all MS in a cell.
Logical channels that make use of the CC concept and that need to be investigated are:
· DL:
· EC-CCCH/D (EC-AGCH/EC-PCH), EC-PACCH, EC-PDTCH
· UL:
· EC-CCCH/U (EC-RACH), EC-PACCH, EC-PDTCH
Coverage limit
In order to define a coverage limit for a specific logical channel, there is a need to set a requirement on when the coverage is achieved. 
It is assumed that for EC-PACCH that maximum targeted BLER level is 10 %. 
For other channels it is not as straight forward. 
For EC-PDTCH it is assumed that 50% BLER can be tolerated in the UL considering that the operation of chase combining is not dependent on the RLC/MAC header operation (due to the use of Fixed Uplink Allocation). This has also been shown in earlier evaluations for EC-GSM when evaluating the HARQ throughput, where the initial BLER was shown to be around 45%. On the DL, the case is different where also decoding of the RLC/MAC header is required to perform soft combining. It is assumed that a suitable overall BLER, taking headers and data errors into account, operating point is around 20 % for EC-PDTCH/D.
For EC-RACH it is assumed in the link budget calculations that a target of 20 % is used. This is slightly higher than the minimum performance requirements used today for RACH when targeting a certain BLER, in which case 15% is used on PRACH. In general the random access can handle a higher BLER, due to the possibility to perform re-attempts when not being able to access the system. It is further so that EC-EGPRS in general is not expected to be as delay sensitive as GSM/EDGE, why a somewhat higher initial BLER on the EC-RACH can be acceptable.
For EC-CCCH/D a BLER of 10 % is assumed, as for EC-PACCH.
The targeted BLER for the different logical channels are listed in Table 1.
Table 1. BLER targets for different logical channels.
	Logical channel
	Target maximum BLER [%]

	EC-PDTCH/U
	50%

	EC-PDTCH/D
	20%

	EC-PACCH
	10%

	EC-RACH
	20%

	EC-CCCH/D
	10%



Coherency
In the following results, it is assumed that on the transmitter side coherency is only kept between TS in the same TDMA frame, and not across TDMA frames. On the receiver side coherent receptions within a TDMA frame are combined in the IQ domain without compensation for frequency drift or phase shift.
Output power
BTS
The BTS will apply different output power levels depending on cell. In the CIoT study a 43 dBm output power was assumed, but this is not an upper limit on BTS output power, and the actual transmitted output power level will depend on the nominal output power level, the combination stages in the BTS (if any), feeder loss etc. Hence, there is not a single true value of output power level actually transmitted by the BTS.
MS
For EC-EGPRS it is assumed that both 33 dBm and 23 dBm devices follow the same specification and hence will make use of the same coverage class definitions, and consequently the same number of blind transmissions for each defined CC. In the UL different CCs will however apply at a given coverage extension for 23 and 33 dBm devices. The DL will still be able to transmit with the same DL power irrespective of MS output power, and hence comparing the UL and DL coverage class alignment between 23 dBm and 33 dBm devices, some differences are expected. Specifically the UL and DL coverage class selection are expected to differ more, for the 23 dBm case, but the difference is not necessarily the same for different logical channels (since there is not a 10 dB difference in coupling loss aimed for by the different CCs).
Considerations on different link directions
It is of most importance to align coverage classes in a specific direction. The used power on the UL will not be the same for different devices (33 dBm or 23 dBm output power) or on the DL over different cells (different maximum nominal output power configured on BCCH). The network will, through System Information control if a more or less aggressive setting of the coverage class thresholds will be used, in each direction. Hence, the investigation will be focused on aligning the coverage classes between logical channels in the same direction.
Simulations
Assumptions
[bookmark: _GoBack]Simulation assumptions follow the ones in Annex C of [3]. In addition to these, some parameters are shown in Table 2. 
[bookmark: _Ref433020901]Table 2: Simulation parameters
	Parameter
	Value

	Frequency offset
	N(0,10)

	IQ accumulation in the receiver
	· Estimates a random phase by correlation between TDMA frames. 
· IQ accumulation without frequency offset compensation within TDMA frame
· No frequency offset identified



The IQ accumulation is done as described below. It can be noted that there can be several more implementations possible, but the one used represent one possible implementation option. 
In general a correlator based estimator is used that estimates the phase difference between two consecutive bursts. 


The equation shows the principle of estimating a phase shift  caused by a constant frequency offset  over two consecutive bursts sb, and sb+1, with burst length , where is the phase drift over the time duration of a burst, and w and z represent noise/interference. It can be noted that the definition of  in the two bursts can be different depending on if the slot it is transmitted in is of length 156 or length 157 symbols.
The following principles are used:
· All bursts within the TDMA frame are blindly combined.
· The bursts between two TDMA frames are combined by estimating the random phase between them.
· Already combined TDMA frames are used as basis for further combination
Presentation of results
The results are presented by SNR for the logical channel that is limited by the maximum BLER assumed. The BLER registered for the other logical channels in the same direction is also presented. 
Taking the SNR targets derived, the coverage range for each CC is also shown.
Results
Downlink
The results for the downlink are presented in Table 3.
[bookmark: _Ref437529075]Table 3: Summary of downlink coverage class alignment
	
	CC1 
	CC2 
	CC3 
	CC4

	SNR
	9.1
	-0.2
	-3.2
	-6.1

	Logical channel
	BLER | # blind transmissions

	EC-CCCH/D
	10%
	-
	5%
	8
	5%
	16
	3%
	32

	EC-PACCH/D
	3%
	-
	9%
	4
	9%
	8
	9%
	16

	EC-PDTCH/D
	8%
	-
	20%
	4
	20%
	8
	20%
	16



The resulting coverage range for each coverage class is exemplified in Figure 1. In addition to the targeted DL SNR, the resulting coupling loss rounded off to integer dB is also shown (assuming 43 dBm BTS output power).


[bookmark: _Ref437528482]Figure 1: Coverage range for different CC on the DL
As can be seen CC1 is reaching further than assumed for GPRS today due to the re-definition of the logical channels with more redundancy added. Most users will hence be classified as being in CC1. The higher the CC the more the penalty of an erroneous CC estimation, and hence the CC range is decreasing with increasing CC.
Uplink
The results for the uplink are presented in Table 4. Note that for EC-RACH (EC-CCCH/U) 48 blind transmissions have been assumed for CC4. This in an increase to earlier assumed 32 blind transmissions, in order to compensate for the loss of coherency across TDMA frames that have earlier been assumed.
[bookmark: _Ref437529497]Table 4: Summary of uplink coverage class alignment
	
	CC1 
	CC2 
	CC3 
	CC4

	SNR
	-2.1
	-7.4
	-11.0
	-13.9

	Logical channel
	BLER | # blind transmissions

	EC-CCCH/U
	20%
	-
	20%
	4
	20%
	16
	20%
	48

	EC-PACCH/U
	9%
	-
	6%
	4
	9%
	8
	10%
	16

	EC-PDTCH/U
	47%
	-
	38%
	4
	45%
	8
	47%
	16


 
The resulting coverage range for each coverage class is shown in Figure 1. In addition to the targeted UL SNR, the resulting coupling loss is also shown (assuming 33 dBm MS output power).


[bookmark: _Ref437611563]Figure 2: Coverage range for different CC on the UL
As can be seen similar effects as for the DL is also seen for the UL, where CC1 extends beyond current GPRS coverage mainly due to the increased redundancy on the EC-PACCH (PACCH was found to be the limiting channel in GPRS operation). As for the DL, the CC range is decreased with increasing CC.
Note that if 2 TS are instead used for the EC-RACH, see [4] Table 4 will be slightly changed for EC-CCCH as shown in Table 5.
[bookmark: _Ref437611478]Table 5: Summary of uplink coverage class alignment with 2 TS RACH mapping, [1,4,8,32] repetitions
	
	CC1 
	CC2 
	CC3 
	CC4

	SNR
	-2.1
	-8.0
	-10.4
	-13.9

	Logical channel
	BLER | # blind transmissions

	EC-CCCH/U
	20%
	-
	20%
	4
	20%
	8
	15%
	32



Figure 2 would still be valid in this case, with the main difference that instead of 16 and 48 repetitions used for CC3 and CC4 respectively, 8 and 32 repetitions can be used instead.
Alternatively the gain from increased coherency can be used to lower the EC-RACH BLER performance in the extreme coverage situation. This has shown to be beneficial in system simulations where there can be a certain level of interference limitation in the extreme coupling loss scenario, see [5]. In this case, if for example 16 and 48 repetitions are used respectively the resulting BLER is shown as in Table 6.
[bookmark: _Ref439946379]Table 6: Summary of uplink coverage class alignment with 2 TS RACH mapping, [1,4,16,48] repetitions
	
	CC1 
	CC2 
	CC3 
	CC4

	SNR
	-2.1
	-8.0
	-11.2
	-13.9

	Logical channel
	BLER | # blind transmissions

	EC-CCCH/U
	20%
	-
	20%
	4
	13%
	16
	9%
	48



Mapping of logical channels onto physical channels
The resulting coverage classes and their mapping is shown in the figures below.
One block in each CC is highlighted to see the basic block mapping. Remaining blocks are numbered in the cells.
DL


[bookmark: _Ref437618221]Figure 3: EC-PDTCH/D, EC-PACCH/D


Figure 4: EC-CCCH/D
UL
For EC-PDTCH/U and EC-PACCH/U, see Figure 3.



Figure 5: EC-CCCH/U, 1 TS EC-RACH


Figure 6: EC-CCCH/U, 2 TS EC-RACH
Discussion/Conclusion
The contribution has shown how to align the coverage classes for EC-EGPRS. Priority has been taken to align them per link direction, considering that both different DL output power levels can be used by the base station and also different UL output power levels by the MS.
It should be noted that with a wider range covered by a coverage class more resources are generally needed compared to having a tighter coverage class granularity. However, there are ways to combat the potentially increased system interference by the use of power control (i.e. a user close to a lower coverage class can be down-regulated in power), and also overlaid CDMA can be used to combat loss in capacity.
Also, depending on the network implementation it is possible to set more aggressive coverage class thresholds in the direction of the EC-PACCH, compared to EC-PDTCH in order to ensure robust control signaling.
The contribution has focused the evaluation on the assumption that coherency is not required between TDMA frames. This assumption specifically has negative impact on the EC-RACH channel, increasing the maximum number of repetitions earlier proposed as 32 to 48. Using an alternative 2 TS EC-RACH mapping also improves performance so that the 32 repetition design can be kept (transmitted over 16 TDMA frames, and 2 TS), or alternatively the 2 TS mapping can be used for further increased link performance keeping the 48 repetitions while mapping the block to 2 TS.
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