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Pseudo CR 45.820 – EC-GSM, Performance evaluation – Incremental Redundancy and Chase Combining
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.

1.2
Reason for change

Performance evaluation has been done with regards to using incremental redundancy or chase combining for the HARQ procedure of EC-GSM. These results have not yet been included in the TR but motivate the design choice, and hence should be included to better understand the underlying design.
1.3
Summary of change

The performance evaluation of incremental redundancy and chase combining for MCS-1 to MCS-4 from [2] are condensed to 
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	First modification


6.2.4.5
Retransmission schemes

Hybrid ARQ together with incremental redundancy, as defined for EGPRS today, should be used by the network and shall be supported by the device. 

When fixed UL allocation is used, see subclause 6.2.3.2.2, full knowledge can be obtained by the network on which block is transmitted on which resources by the device. Hence, it is possible for the network to provide incremental redundancy without effectively reading the RLC/MAC header to find the related BSN field during the soft combining process. This provides some performance benefits since the RLC/MAC header performance is, although more robust, similar to the RLC data performance for MCS-1 (the MCS used when in extended coverage). After each HARQ transmission the RLC/MAC header should still be attempted to be decoded to verify that the BSN and TFI match the values assumed during the combining process.
To lower device complexity, and to align design in both DL and UL, incremental redundancy is only utilized for MCS-3 and MCS-4, which due to its high code rate show significant gains in performance by reducing the code rate after multiple transmissions. However, little or no gain is seen by using all three puncturing schemes currently defined for those MCSs, and hence only 2 puncturing schemes are used. For MCS-1 and MCS-2, no additional gains are seen by using incremental redundancy compared to chase combining, and hence only one puncturing scheme is used for these MCSs.
	Second modification


6.2.4.9.2.6
Coding and Puncturing Scheme (CPS), Uplink State Flag (USF), Split Block (SPB), Stalling Indicator (SI), Retry (R) 

The CPS, USF, SPB, SI and R fields are defined as in current GSM operation, see subclause 10.4 in [14].
One exception is the CPS field for MCS-1-4 in Header type 3 which can be reduced in EC-GSM operation to what is shown in table 6.2-y, due to the removal of puncturing schemes, see subclause 6.2.4.5 and 6.2.6.x.

Table 6.2-y. CPS field for Header type 3 for EC-GSM.

	bits
321
	CPS

	000
	MCS-4/P1 

	001
	MCS-4/P2 

	010
	MCS-3/P1 

	011
	MCS-3/P2 

	100
	MCS-3/P1 with padding

	101
	MCS-3/P2 with padding

	110
	MCS-2/P1 

	111
	MCS-1/P1 


	Third modification


6.2.6
Concept evaluation
6.2.6.x
Incremental redundancy and chase combining

The performance of MCS-1 to MCS-4 has been compared either using chase combining or incremental redundancy at different number of HARQ transmissions.
To simplify the interpretation of the results a radar chart is used where up to 6 HARQ transmissions are included in the analysis. The radar chart shows the gain with IR compared to chase combining at 1 % residual BLER for the different combinations of channel diversity simulated, and separately for UL and DL.

For all simulations, the assumptions in Annex C have been followed. Both a non-hopping channel and a channel using ideal frequency hopping have been evaluated to capture the performance of both chase combining and incremental redundancy at two largely varying diversity conditions.
The results are shown for the UL PDTCH in figure 6.2-x. Similar results are visible in the DL, see [6.2-a] for more details.
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Figure 6.2-x. Gain with IR compared to chase combining, PDTCH UL, ideal FH (left), no FH (right).
The maximum gain for MCS-1 is 0.3 dB, and for MCS-2 0.8 dB. MCS-3 shows a maximum gain of 1.6 dB while MCS-4 stands out in the set of MCSs with a maximum gain of 4.3 dB. In all cases the gain of IR vs chase combining is decreased with the number of HARQ transmissions used.
In Table 6.2-z the performance difference between using 2 or 3 puncturing schemes for MCS-3 and MCS-4 at different number of HARQ transmissions are shown.
Table 6.2-z. Performance difference between using 2 and 3 PS for MCS-3 and MCS-4 at different HARQ transmissions.
	FH
	MCS
	HARQ

	
	
	1st (1)
	2nd (1)
	3rd
	4th
	5th
	6th

	no FH
	MCS-3
	0
	0
	0.2
	0.1
	0.0
	0.0

	no FH
	MCS-4
	0
	0
	0.6
	0.2
	0.3
	0.2

	ideal FH
	MCS-3
	0
	0
	0.3
	0.1
	0.1
	0.1

	ideal FH
	MCS-4
	0
	0
	1.1
	0.2
	0.3
	0.3

	NOTE1: No performance difference since only PS1 and PS2 will be used in both options


It can be seen that the performance difference at different HARQ transmissions is very small, with one exception of the  3rd HARQ transmission with a visible difference of 0.6 dB in the case of no FH and 1.1 dB in the case of ideal FH.
	End of modifications
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