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[bookmark: _Ref396137062]Introduction
The current requirement for incremental redundancy is not defined for EC-GSM-IoT MS. This document proposes a way forward on this topic.
Current requirement
The current requirement for incremental redundancy is to ensure that the MS can achieve a certain throughput at a given signal level. Incremental redundancy (IR) support is mandatory for an EGPRS MS, and the requirement is to ensure that the MS has capability to store enough RLC blocks in its soft buffer to achieve sufficient gains with IR.
EC-GSM-IoT requirement
For EC-GSM-IoT the IR requirement is much relaxed due to the significant lowering of the RLC window size (from 1024 to 16), and the use of a smaller number of puncturing schemes (from 2 to 1, or from 3 to 2 for GMSK modulated MCSs). 
Compared to EGPRS there are more protocol limitations for EC-GSM-IoT. To avoid impact from for example RLC stalling and not using concurrent TBFs on UL and DL, it is proposed to define the long-term throughput for the IR based on the radio block periods when actively transmitting.
In the current version of the 3GPP TS 45.005 v 13.1.0, there are three new requirements for EC-GSM-IoT, see Table 1. 
[bookmark: _Ref458502688]Table 1: IR requirements in 3GPP TS45.005 v13.1.0
	MS support level
	EGPRS
	EGPRS2
	EC-GSM-IoT, 
8-PSK supported
	EC-GSM-IoT, 
Only GMSK supported
	EC-GSM-IoT, 
MCS-1/16

	Required throughput 
[kbps / timeslot]
	20,0
	33,0
	 [tbd]
	[tbd]
	[tbd]

	Propagation conditions
	Static
	Static
	Static
	Static
	Static

	Input level [dBm]
	-97,0
	-94,0
	-97,0
	[tbd]
	[tbd]

	Modulation and Coding Scheme
	MCS-9
	DAS-12
	MCS-9
	MCS-4
	MCS-1/16

	Acknowledgements polling period 
[RLC data blocks]
	32
	32
	8
	8
	8

	Roundtrip time [ms]
	120
	120
	120
	120
	[200]

	Number of timeslots
	Maximum capability of the MS
	Maximum capability of the MS
	Maximum capability of the MS
	Maximum capability of the MS
	4

	Transmit window size
	Maximum for the MS timeslot capability
	Maximum for the MS timeslot capability
	16
	16
	16



The IR gains are expected to be limited when in extended coverage on the DL since the reception of the RLC data block for soft buffering is dependent on the RLC header decoding. For MCS-1 the RLC header performs roughly 0.5 dB better than the RLC data, and hence there is a large possibility that the RLC header is erroneous, given that the RLC data is lost. It is hence proposed to remove the IR requirement for MCS-1/16.
Proposal 1: Remove the IR requirement for MCS-1/16
Also, assuming that the throughput is measured by the time of the actively transmitted blocks, there is no reason to think that the soft buffer capability is worse for EC-GSM-IoT than for EGPRS (i.e. the reduced requirement on soft buffer for EC-GSM-IoT will come from the use of a smaller RLC window and lower number of puncturing schemes as mentioned above). It is hence proposed for simplicity to apply the current 8PSK IR requirement also for EC-GSM-IoT MCS-9.
Proposal 2: Apply the EGPRS MCS-9 requirement also for EC-GSM-IoT MCS-9
The remaining requirement to determine is the GMSK IR requirement that is new for EC-GSM-IoT.
In Figure 1 IR performance is shown for MCS-9 and MCS-4 for Static channel. For MCS-4, also the performance without IR is shown. It is assumed that the noise figure in the MS is 5 dB to derive the Es/N0. The current 8PSK requirement for MCS-9 is shown by a green circle.
[image: ]
[bookmark: _Ref458503309]Figure 1: IR performance and requirements
As can be seen, there is roughly a 10 dB margin for the current requirement which will be due to several factors, of which a limited soft buffer would be one important factor, and the assumed noise figure another. Comparing also the performance to the time of specification for EGPRS, an improved performance of 2-2.5 dB is also visible, see [1]. A proposed IR requirement is added for MCS-4 (GMSK) by a red circle. It is proposed to have it at 6 kbps/TS at Es/N0 = 3.7 dB which would translate to a signal level of -111 dBm. 
Proposal 3: Define the EC-GSM-IoT GMSK requirement at -111 dBm signal level, at a 6 kbps/TS throughput target
The requirement provides roughly a 4 dB margin which is lower than for the 8PSK requirement, but this is also reasonable since the limitation in soft buffer is expected to be lower for EC-GSM-IoT (due to the significantly reduced RLC protocol size and reduced number of puncturing schemes) and that the performance has been improved since the time of EGPRS specification, see [1]. It is also important that the IR requirement is superior to the performance without IR for MCS-4, which is also shown in Figure 1 to be the case.
Proposed requirement
The proposed requirements are captured using track changes in Table 2.
[bookmark: _Ref458503835]Table 2: Proposed IR requirement
	MS support level
	EGPRS
	EGPRS2
	EC-GSM-IoT, 
8-PSK supported
	EC-GSM-IoT, 
Only GMSK supported
	EC-GSM-IoT, 
MCS-1/16

	Required throughput 
[kbps / timeslot]
	20,0
	33,0
	 [tbd20,0]
	[tbd6,0]
	[tbd]

	Propagation conditions
	Static
	Static
	Static
	Static
	Static

	Input level [dBm]
	-97,0
	-94,0
	-97,0
	[tbd-111]
	[tbd]

	Modulation and Coding Scheme
	MCS-9
	DAS-12
	MCS-9
	MCS-4
	MCS-1/16

	Acknowledgements polling period 
[RLC data blocks]
	32
	32
	8
	8
	8

	Roundtrip time [ms]
	120
	120
	120
	120
	[200]

	Number of timeslots
	Maximum capability of the MS
	Maximum capability of the MS
	Maximum capability of the MS
	Maximum capability of the MS
	4

	Transmit window size
	Maximum for the MS timeslot capability
	Maximum for the MS timeslot capability
	16
	16
	16



Also, the throughput measure needs to be clarified to be applied over the actively transmitted radio blocks only:
	An EC-GSM-IoT MS shall under the conditions stated in table 6.7-1 achieve the long-term 	throughput per time slot over the accumulated time of allocated radio blocks, measured 	between LLC and RLC/MAC layer as shown in table 6.7-1.
Conclusions
MS requirement on incremental redundancy for EC-GSM-IoT has been proposed.
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