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Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
For EC-GSM the intention is to use EGPRS as baseline reference design and strip functionality not seen needed for CIoT operation.
[bookmark: _GoBack]In this paper the use of hybrid ARQ (HARQ) is investigated.
The document is a re-submission of GP-150139 seen at GERAN#65.
Background
In GPRS an ARQ scheme is adopted which implies that there is an overlaying feedback channel from the receiver on whether or not blocks transmitted have been received correctly. The information from each decoding attempts is however not saved, and hence the receiver discards the information from the decoding attempts.
With EGPRS, a type-II HARQ scheme was introduced which includes both a combination of received soft bits, and the alternation between different redundancy versions from different transmissions. This is also called incremental redundancy (IR).
A simpler version of HARQ is to only require the combination of received soft bits, but that the same redundancy version is used in all transmissions, called chase combining.
In EGPRS, the support of IR is mandatory for the terminal and there are performance requirements ensuring that sufficient memory is used for IR buffering.
Also, there are requirements on the RLC buffer size (see 3GPP TS 44.060), which is dependent on the RLC window size. 
The required soft bit buffer size and RLC buffer is dependent on the RLC family and the window size.
[bookmark: _Ref412135205]Table 1. RLC window size, maximum payload family and maximum soft bit buffer for GPRS, EGPRS.
	
	GPRS
	EGPRS

	RLC WS (max) [nr]
	64
	1024

	RLC payload family size (max) [bytes]1
	50
	74

	RLC buffer requirement (max) [bytes]
	3200
	75776

	IR memory requirement (max) [ksofts]
	-
	18802

	NOTE1: Only payload part considered
NOTE2: 1836 soft bits for MCS-9, see Table 8



For EGPRS the different number of redundancy versions, or puncturing schemes, to cover all bits of the mother code is shown in Table 2.
[bookmark: _Ref412117494]Table 2. Number of puncturing schemes per MCS – EGPRS.
	MCS
	#PS

	MCS-1/2/5/6
	2

	MCS-3/4/7/8/9
	3


[bookmark: _Ref412119042]Potential reduction in complexity
As pointed out in for example [2] the low complexity version of EGPRS used by EC-GSM is based on the support of MCS-1-4 in both UL and DL. This is in contrast to the current low complexity option of EGPRS support where MCS-1-4 is supported on the UL, but MCS-1-9 is still supported on the DL.
A further potential complexity reduction would be to only support chase combining instead of incremental redundancy as long as the performance is not negatively impacted by this simplification. A light version of reducing support for incremental redundancy would also be to reduce the number of supported puncturing schemes from 3 to 2 to be supported.
Furthermore, a complexity reduction can be possible in the soft bit buffer by making use of the fact that the reports to be transmitted by EC-GSM are typically of small sizes. The RLC engine has been designed to cater for a window size, and hence a fixed UL allocation of 16 RLC blocks of MCS-1 which carries 22*16 = 352 bytes, see [3]. 
The traffic model agreed in the study, see [4], assumes packet sizes of at most 200 bytes of payload. Adding SNDCP and LLC overhead + IP header size of 65 bytes, the maximum size considered to be transferred by a report would be 275 bytes. Hence, in case the device is in good radio conditions, there is no need to support a window size of 16. On the other hand, changing the window size depending on MCS assigned could be problematic. But, the IR buffer requirements could easily be adapted to the required information size. Since MCS-4 carries twice the payload of MCS-1, the effective soft bit buffer memory would be sufficient to cater for with 8 MCS-4 RLC blocks, meaning that the RLC memory requirement can be dimensioned based on 16 RLC blocks using MCS-1. 
It can further be noted that the maximum soft bit buffer figures are quoted in this paper, but in a real implementation not all outstanding blocks in the RLC window need to be catered for in terms of IR memory, as long as the IR performance requirement in [6] is fulfilled.
Simulations
Scenarios
In order to investigate potentials in complexity reduction mentioned in Section 3 link simulations have been run. Simulations have been run both in normal coverage and extended coverage (for MCS-1), but to keep results to a minimum only normal coverage results are presented. Both normal and extended coverage simulations show similar performance impact in the scenarios simulated.
The link simulations have followed the settings, agreed in [4]. For EC-GSM specific settings, those used in [5] have been followed. Some of the simulation assumptions used are listed in Table 3.
[bookmark: _Ref413176379]Table 3. Simulation assumptions
	Parameter
	Value

	Channel propagation
	TU

	Max. Doppler spread
	1 Hz

	Frequency hopping
	No
Ideal

	MCS
	MCS-1-4

	Frequency drift
	See [5]

	Number of PSs for IR
	MCS-1: 2 or 1
MCS-2: 2 or 1
MCS-3: 3 or 2
MCS-4: 3 or 2

	Number of max HARQ transmissions considered
	6



To span two largely different diversity scenarios, both no frequency hopping and ideal frequency hopping have been simulated. 
The investigation is limited to MCS-1-4 to investigate the low-complexity implementation of EC-GSM, see [2].
Results
[bookmark: _Ref412133675]IR vs chase combining
The performance has been compared either using chase combining or incremental redundancy at different number of HARQ transmissions. One example is shown in Figure 1. It can be noted that no comparison with the case of not using any storing of soft bits has been done.
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[bookmark: _Ref412131787]Figure 1. Performance difference between chase combining and IR.
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.
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Figure 2. PDTCH DL, ideal FH (top), no FH (bottom).
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Figure 3. PDTCH UL, ideal FH (top), no FH (bottom).
As can be seen, no gain is seen with IR compared to chase combining for MCS-1 and MCS-2 on the DL. The maximum gain on the UL for MCS-1 is 0.3 dB, and for MCS-2 0.8 dB.
MCS-3 shows a maximum gain of 0.9 dB on the DL, while seeing a maximum gain of 1.6 dB on the UL.
MCS-4 stands out in the set of MCSs with a maximum gain of 4.3 dB in both UL and DL.
In all cases the gain of IR vs chase combining is decreased with the number of HARQ transmissions used.
Limitation to at most two puncturing schemes
Considering the results in Section 4.2.1 it seems that if an effective code rate is achieved of 0.69 (MCS-2) or lower, there is basically no or little gain seen with IR. Hence, it is of interest to also look into what would be the impact of only using 2 PS for MCS-3 and MCS-4 (currently defined with 3 PS). This could further limit the requirement on soft buffer in the device on the DL. Hence the investigation is only limited to the DL, but the conclusions should equally apply on the UL.
The number of punctured bits required per RLC block for MCS-3 and MCS-4 when using 3 PS and 2 PS are shown in Table 3.
[bookmark: _Ref412134632]Table 4. Difference in soft bit buffer from 2 to 3 PS.
	MCS
	2 PS
	3 PS

	MCS-3
	688
	948

	MCS-4
	744
	1116



Hence, the reduction in allowing only 2 PS instead of 3 is a reduction from a maximum size of 1116 to 744, which is a 33% reduction.
The performance is shown in Figure 4, and only the performance of the 3rd HARQ transmission is shown, which is the one where the use of the third redundancy version is expected to bring most of the gains. As can be seen, there is no clear benefit of using 3 PS for MCS-3 with a 0.2 dB and 0.3 dB difference for a low diversity and high diversity channel respectively. For MCS-4 the gains with 3 PS are more evident with 0.6 dB and 1.1 dB for a low diversity and high diversity channel respectively.
[image: ]
[bookmark: _Ref412134788]Figure 4. Performance difference of MCS-3 and MCS-4 comparing using 2 or 3 PSs.
Summarizing the performance difference at different HARQ transmissions, the performance difference is shown in Figure 4 for the 3rd HARQ transmission is seen to be rather exceptional and the additional gains for other number of HARQ transmissions are significantly less.
Table 5. 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



Complexity comparison
With the changes in the EGPRS design of using:
· Chase combining only for MCS-1 and MCS-2, and IR only for MCS-3 and MCS-4
· Limiting the IR to only 2 PS for MCS-3 and MCS-4
· Requiring the IR buffer to cater for the maximum report transmission of using MCS-1, i.e. 352 bytes
Then, the DL EC-GSM complexity can be added to Table 1, see Table 4.
[bookmark: _Ref412135217]Table 6. RLC window size, maximum payload family and maximum soft bit buffer for GPRS, EGPRS and EC-GSM.
	
	GPRS
	EGPRS
	EC-GSM

	RLC WS (max) [nr]
	64
	1024
	16

	RLC payload family size (max) [bytes]1
	50
	74
	44

	RLC buffer requirement (max) [bytes]
	3200
	75776
	704

	IR memory requirement (max) [ksofts]
	-
	18802
	5,93

	NOTE1: Only payload part considered
NOTE2: 1836 soft bits for MCS-9, see Table 8
NOTE3: 744 soft bits for MCS-4, see Table 3
              8 RLC blocks at most, see Section 3



Hence, compared to GPRS, the RLC buffer memory requirement is reduced from 3200 bytes to 704 bytes. 
The significant performance gain of using chase combining and IR can be achieved with only a buffer of 5.9 kilo soft bits (assuming only support of MCS-1-4 and only using 2 PSs for MCS-3 and MCS-4), compared to the maximum IR memory size from EGPRS requiring 1880 kilo soft bits. Comparing EGPRS and the stripped down EGPRS functionality for EC-GSM the main gain is coming (in decreasing order):
· Reduction of RLC WS from 1024 to 16 (1880 ksofts to 29 ksofts).
· Reduction of MCSs supported from MCS-9 to MCS-4 (29 ksofts to 18 ksofts)
· Requiring the IR buffer to cater for the maximum report transmission of using MCS-1 (18 ksofts to 9 ksofts)
· Reduction of puncturing schemes from 3 to 2 for MCS-3 and MCS-4 (9 ksofts to 5.9 ksofts)
It should be noted that the changes in this paper limit the complexity without any impact on the overall 20 dB coverage improvement brought by EC-GSM, see [5], and with limited performance impact to EC-GSM performance compared to current EGPRS MCS-1-4 performance when in better radio conditions.
RLC/MAC header
Also, the RLC/MAC header can be simplified with the simplifications proposed in this document.
This applies to the CPS field which indicates the MCS and puncturing scheme to be used.
Today’s CPS field for the DL RLC&MAC header is shown in
Table 7. CPS field for header type 3.
	bits
4321
	CPS

	0000
	MCS-4/P1 

	0001
	MCS-4/P2 

	0010
	MCS-4/P3 

	0011
	MCS-3/P1 

	0100
	MCS-3/P2 

	0101
	MCS-3/P3 

	0110
	MCS-3/P1 with padding

	0111
	MCS-3/P2 with padding

	1000
	MCS-3/P3 with padding

	1001
	MCS-2/P1 

	1010
	MCS-2/P2 

	1011
	MCS-1/P1 

	1100
	MCS-1/P2 

	1101
	MCS-2/P1 with padding (see NOTE 2) 

	1110
	MCS-2/P2 with padding (see NOTE 2) 

	1111
	MCS-0 (see NOTE 3)

	NOTE 1:	The bit numbering is relative to the field position.
NOTE 2:	MCS-2 with padding shall only be used for a downlink EGPRS2-A TBF or, in case of a downlink EGPRS TBF, for retransmissions of blocks originally transmitted using EGPRS2‑A.
NOTE 3:   MCS-0 shall only be used for a downlink TBF.



With the proposed changes, the CPS field can be reduced to the table in Table 7 using only three bits instead of four.
[bookmark: _Ref412136934]Table 8. CPS field 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 


Conclusions
In this paper, potential complexity reduction of the HARQ mechanism for EC-GSM is investigated.
It is concluded that compared to GPRS, the RLC buffer memory requirement is reduced from 3200 bytes to 704 bytes and that significant performance gain of using chase combining and IR can be achieved with only a buffer of 5.9 kilo soft bits, compared to the maximum IR memory size from EGPRS requiring 1880 kilo soft bits.
It should be noted that the changes in this paper limit the complexity without any impact on the overall 20 dB coverage improvement brought by EC-GSM, see [5], and with limited performance impact to EC-GSM performance compared to optimal EGPRS performance when in better radio conditions.
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Annex
[bookmark: _Ref412535187]Table 9. Maximum soft bits per RLC block per MCS
	MCS
	RLC block [max. soft bits]

	MCS-1
	588

	MCS-2
	732

	MCS-3
	948

	MCS-4
	1116

	MCS-5
	1404

	MCS-6
	1836

	MCS-7
	1404

	MCS-8
	1692

	MCS-9
	1836
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