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Compact burst mapping for 2 TS mapping of EC-GSM-IoT
Introduction
A new work item on Radio Interface Enhancements for EC-GSM-IoT [1] was approved for Rel-14 at RAN#73.
One of the work item objectives is the definition of alternative mappings of blind physical layer transmissions for packet data traffic channels in extended coverage assigned to a higher coverage class. With the alternative mappings proposed in [2], it should be possible to support higher coverage classes with 2 consecutive PDCH resource allocation.
This contribution investigates the use of compact burst mapping on the UL EC-PDTCH for higher coverage classes with 2 consecutive PDCH resource allocation to improve the performance and save memory.
It is proposed that compact burst mapping should always be used for 2 TS channel mapping in uplink irrespective if frequency hopping is used or not.
Compact vs normal burst mapping
Instances of the same burst is with the normal burst mapping separated by four TDMA frames. In a more compact burst mapping, the bursts could instead be mapped on consecutive TDMA frames. Both mapping options are shown in Figure 1 for eight times repetition.
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Figure 1. Normal burst mapping (left) and compact burst mapping (right) in 2 TS channel mapping.
As can be seen in Figure 1, the separation in time between the first and the last burst repetition is much shorter in case of compact burst mapping than that in case of normal burst mapping. But since coherency between TDMA frames is not required in the transmitter, the receiver anyway needs to estimate the phase shift between TDMA frames. Therefore, performance gains from a smaller channel variation due to compact bust mapping compared to normal burst mapping is limited even on slow channels.
However, compact burst mapping only requires 1 burst buffer used for IQ combining between TDMA frames, while 4 burst buffers are required for normal burst mapping.
For the 2 TS channel mapping, there are a maximum 4 different radio blocks at the same time since there are only 8 time slots. On the other hand, for the 4 TS channel mapping, there are a maximum of 2 different radio blocks at the time. In other words, the buffer required for IQ combining in the 2 TS mapping is doubled comparing to that required by 4 TS mapping.
Thus 2 TS channel mapping with compact burst mapping will only require half of the buffer required by 4 TS channel mapping with normal burst mapping.
As a consequence, for the 2 TS channel mapping, if the receiver buffer space is limited, IQ combining between TDMA frames may be impossible with normal burst mapping, which means that the receiver has to use soft combining between TDMA frames. This is expected to degrade performance.
But as is shown in Figure 1, the TTI is effectively prolonged by the use of compact burst mapping, and hence it is not beneficial to be used on the DL where devices of different coverage will monitor the same DL channel. A shorter monitoring time will allow a more energy efficient operation. Also, to allow for backwards compatibility, the change in block structure should preferably be minimized compared to the legacy mapping.
Furthermore, given that
1. There are little gains with using compact burst mapping for the 4 TS mapping [3]
2. Memory is less of an issue for the 4 TS channel mapping
3. Introducing compact burst mapping for the 4 TS channel mapping will require extra information bits in EC channel request message to indicate if compact burst mapping is supported.
It is proposed to only use normal burst mapping for 4 TS channel mapping.
Hence, the compact burst mapping is only used on the UL, and is always only applied for 2 TS channel mapping. 
Hence the principle is followed that normal burst mapping for traffic channels are followed on the DL while compact burst mapping is always applied on the UL for 2 TS channel mapping. This applies regardless of FH configuration.
Simulations
Assumptions
Simulation assumptions are shown in Table 1.
Since EC-PACCH would not gain from compact burst mapping due to only 1 burst block, simulations are presented only for EC-PDTCH.
[bookmark: _Ref433020901]Table 1: Simulation parameters
	Parameter 
	Value

	Channel
	TU1.2noFH, TU50noFH, TU1.2iFH

	Frequency band
	900 MHz

	Coherent Transmission
	over 2 TS (CC2-2TS, CC3-2TS, CC4-2TS)

	Uplink Receiver
	Direct IQ combining within TDMA frame;
IQ combining after random phase correction is used for combining physical layer transmissions across TDMA frames in case of TU1.2noFH with compact burst mapping;
Soft combing is used for combining physical layer transmissions across TDMA frames in case of TU1.2iFH or in case of TU1.2noFH/TU50noFH with normal burst mapping.

	Number of BTS antennas for reception
	2



For random phase correction mentioned in table 1, a correlator based estimator is used that estimates the phase shift between two 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, where is the phase drift over the time duration of a burst, and w and z represent noise/interference.
The phase shift estimator used is:
· 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
Results
Sensitivity
The performance in a sensitivity limited environment with channel TU1.2noFH is shown in figure 2.
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[bookmark: _Ref433034058]Figure 2: Compact vs normal burst mapping with different coverage classes – sensitivity TU1.2noFH.
The performance in a sensitivity limited environment with channel TU50noFH is shown in figure 3.
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Figure 3: Compact vs normal burst mapping with different coverage classes – sensitivity TU50noFH.
The performance in a sensitivity limited environment with channel TU1.2iFH is shown in figure 4.
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Figure 4: Compact vs normal burst mapping with different coverage classes – sensitivity TU1.2iFH.
As can be seen, compact burst mapping is superior compared to the normal burst mapping in case of non-frequency hopping with a little performance loss in case of TU50 for CC2 and CC3. The performance is very close comparing compact burst mapping and normal burst mapping in case of ideal frequency hopping. 
Detailed performance difference can be seen in table 2, where negative value indicates gain from compact burst mapping.
Table 2: Performance gain comparing compact and normal burst mapping in sensitivity environment
	EC-PDTCH
	Diff Compact vs. Normal

	
	CC2
	CC3
	CC4

	TU1.2 noFH
	-0.8
	-1.7
	-2.7

	TU50 noFH
	0.4
	0.2
	0.0

	TU1.2 iFH
	0.0
	0.0
	0.0



Interference
The performance in interference limited scenario with channel TU1.2noFH can be seen in figure 5.
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Figure 5: Compact vs normal burst mapping with different coverage classes – interference with TU1.2noFH.
The performance in interference limited scenario with channel TU50noFH can be seen in figure 6.
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Figure 6: Compact vs normal burst mapping with different coverage classes – interference with TU50noFH.
The performance in interference limited scenario with channel TU1.2iFH can be seen in figure 7.
[image: C:\work\GSM\material\GBASE\GCL\Task\RAN6\telco_Jan_15\compactBurstMapping\Compact_TU12iFHIntFormated.png]Figure 7: Compact vs current burst mapping with different coverage classes – interference with TU1.2iFH.
As can be seen, compact burst mapping is superior compared to the normal burst mapping in case of non-frequency hopping. The performance is very close comparing compact burst mapping and normal burst mapping in case ideal frequency hopping. 
Detailed performance difference can be seen in table 3, where negative value indicates gain from compact burst mapping.
Table 3: Performance gain comparing compact and normal burst mapping in interference environment
	EC-PDTCH
	Diff Compact vs. Normal

	
	CC2
	CC3
	CC4

	TU1.2 noFH
	-1.2
	-2.4
	-3.4

	TU50 noFH
	-0.3
	-0.5
	-1.2

	TU1.2 iFH
	0.0
	0.0
	0.0



 Specification impact
The specifications impacted by the compact burst mapping are listed in the table below.
	Specification
	Impact

	43.064
	Describe the feature in general

	45.001
	Introduction of the compact burst mapping

	45.002
	New mapping

	45.003
	New mapping



Conclusions
The document has evaluated the link performance of compact burst mapping and current burst mapping in a variety of scenarios when 2 PDCH allocation is used. 
The conclusion from the investigations is that compact burst mapping shows large performance gains in case of non-frequency hopping case in both sensitivity (a little performance loss in case of TU50noFH for CC2 and CC3) and interference environment. 
Besides, using compact burst mapping for 2 TS channel mapping will only require half of the buffer for IQ combining required by 4 TS channel mapping with normal burst mapping.
It is thus proposed to apply compact burst mapping in uplink for the 2 PDCH allocations in EC-GSM-IoT specification work.
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