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1	Introduction
The Work Item (WI) on “Additional enhancements for NB-IoT and LTE-MTC” added in RAN# 88-e one more objective for LTE-MTC [1]:
	· [bookmark: _Hlk47451450][bookmark: _Hlk47454031]Add a Rel-17 optional UE capability to support a maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A only. [LTE-MTC] [RAN1, RAN2]
· Determine soft buffer size [RAN1]
· Capability signaling without introducing a new UE category [RAN2]
· There shall be no changes to: DCI formats, TBS tables, CQI tables
· [bookmark: _Hlk47451211]This objective begins work from RAN#90, i.e. December 2020



In this contribution we continue the discussions on the support of a maximum DL TBS of 1736bits [1], accounting for what was agreed in RAN1# 104-e [2]. 
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Support of a max DL TBS of 1736 bits
In RAN1 #104-e, the following agreements were reached [2]:
	Agreement
The number of soft channel bits is calculated based on the equation:
[image: ]
Working Assumption: N=8

Conclusion
“NOTE: It is RAN1 assumption that 1736 DL TBS feature is compatible with all other eMTC features applicable for HD-FDD Cat. M1 UEs in CE mode A. It is assumed that there’s no change to DCI formats, TBS tables and CQI tables.”

Agreement
The 1736 bits DL TBS feature is enabled by unicast RRC configuration.

Agreement
For a UE configured with “1736 bits DL TBS” and 64-QAM:
· If the UE is signaled with a TBS of up to and including 1736 bits, the UE shall apply the signaled TBS.
· If the UE is signaled with a TBS of greater than 1736 bits, the UE shall apply a TBS of 1736 bits.




2.1	Determination of the Soft Buffer size
[bookmark: _Hlk51855551][bookmark: _Hlk51855568]According with [3], the specified “Total number of soft channel bits” is 25344 regardless of whether 8 or 10 HARQ processes are supported. The reason for this is to allow a Cat-M1 UE designed for 8 processes supported in Rel-13 to be upgraded to support the 10 processes introduced in Rel-14 without a hardware change.
	UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	[bookmark: _Hlk50103246]Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	DL Category M1
	1000
	1000
	25344
	1



To consider the coding rate of the turbo encoder for higher numbers of processes, the following equation can be used: 
· Soft Buffer Size = 						(1)

where  is the number of HARQ processes, 32 ensures that the soft buffer size is a multiple of 32 bits, 3 relates to the coding rate of the turbo encoder, 24 relates to the CRC size, and 4 is related to the tail bits of the turbo encoder. Note:  is the TBS .

Using equation (1), the soft buffer size is estimated for the new “maximum DL TBS of 1736 bits” in the case of 8, 10 and 14 HARQ processes.
· 8 HARQ processes:

Soft Buffer Size =  = 43008 soft channel bits.

· 10 HARQ processes:

Soft Buffer Size =  = 53760 soft channel bits.

· 14 HARQ processes:

Soft Buffer Size =  = 75264 soft channel bits. Although only 12 out of 14 HARQ processes contribute to the increased peak data rate, all the 14 processes may need to be buffered (e.g., to handle an all-NACK case), so the estimate accounts for the worst-case scenario.

[bookmark: _Hlk50107958]Based on the above estimates, with respect to the “Total number of soft channel bits” supported today which are 25344 soft channel bits, in Rel-17 depending on the assumption on the number of HARQ processes, the soft buffer size is expected to be increased about 1.7 times for 8 HARQ processes, 2.12 times for 10 HARQ processes and 2.96 times for 14 HARQ processes respectively. Recall that depending on whether 8, 10 or 14 HARQ processes are used, the peak data rate can be either ~0.82 Mbps, or ~1.02 Mbps or ~1.23 Mbps, and in case of NACK(s) the soft-buffer size will determine how many HARQ processes can be buffered.
[bookmark: _Toc61619324][bookmark: _Toc68099664]Using an equation that accounts for the number of HARQ processes and the coding rate of the turbo encoder, the required soft buffer size was estimated:
· [bookmark: _Toc68099665][bookmark: _Toc61619325]For 8 HARQ processes: In principle, 43008 soft channel bits are estimated to be required.
· [bookmark: _Toc68099666]For 10 HARQ processes: In principle, 53760 soft channel bits are estimated to be required.
· [bookmark: _Toc61619326][bookmark: _Toc68099667]For 14 HARQ processes: In principle, 75264 soft channel bits are estimated to be required.
[bookmark: _Toc61619327][bookmark: _Toc68099668]The total number of soft channel bits for Rel-13 Cat-M1 is 25344. In Rel-17, depending on the assumption on the number of HARQ processes, the soft buffer size is expected to be increased about 1.7 times for 8 HARQ processes, 2.12 times for 10 HARQ processes and 2.96 times for 14 HARQ processes.
[bookmark: _Toc68099669]Depending on whether 8, 10 or 14 HARQ processes are to be used, the peak data rate can be either ~0.82 Mbps, or ~1.02 Mbps or ~1.23 Mbps, and in case of NACK(s) the soft-buffer size will determine how many of these HARQ processes can be buffered.
In RAN1# 104-e, the equation to be used to determine the soft buffer size was agreed [2]:
	Agreement
The number of soft channel bits is calculated based on the equation:
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In relation with the agreement above, the variable “N” which refers to the number of HARQ processes to be assumed was left under Working Assumption (WA):
	Working Assumption: N=8



The reason for having a WA was for interested companies to perform evaluations using different assumptions (e.g., different values of N, number of allocated PRBs) before taking a final decision. In relation with it, we have compared the throughput performance using different soft-buffer sizes as to know the suitability of confirming the WA as N = 8.
[image: ]
Figure 1: Achievable throughput comparison for different soft-buffer sizes from 4, 6, 8, and 10 HARQ processes, assuming 16-QAM and an allocation of 4 PRBs.
[image: ]
Figure 2: Achievable throughput comparison for different soft-buffer sizes from 4, 6, 8, and 10 HARQ processes, assuming 16-QAM and an allocation of 6 PRBs.

[bookmark: _Hlk65504726]From the results in Figure 1 and 2, the throughput performance when the assumption is 8 HARQ processes (43008 soft channel bits) is comparable to the performance when the assumption is 10 HARQ processes (53760 soft channel bits), whereas using a number of HARQ processes < 8 HARQ processes (e.g., N = 6 as to obtain 32256 soft channel bits or N = 4 as to obtain 21504 soft channel bits) results in a throughput degradation. Thus, based on the analysis above, it seems that using N = 8 (i.e., 8 HARQ processes as to obtain 43008 soft channel bits) is a suitable choice for TBS=1736 bits in the case with 8 HARQ processes, providing roughly the same performance as in the case of 10 HARQ processes. Thus, we propose to confirm the working assumption to set the soft channel bits to 43008bits for TBS=1736bits. 
[bookmark: _Toc68099670]The throughput performance when the assumption is 8 HARQ processes (43008 soft channel bits) is comparable to the performance when the assumption is 10 HARQ processes (53769 soft channel bits).
[bookmark: _Toc68099671]A throughput degradation was observed when a number of HARQ processes < 8 HARQ processes was evaluated. That is, N = 6 (as to obtain 32256 soft channel bits) and N = 4 (as to obtain 21504 soft channel bits) resulted in a throughput degradation.
[bookmark: _Toc68099418]Confirm the working assumption on N = 8 HARQ processes, as to determine the soft-buffer size to consist of 43008 soft channel bits.
3	Conclusion
Based on the discussion in the previous section we made the following observations towards the “Support of a maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A only”:

Observation 1	Using an equation that accounts for the number of HARQ processes and the coding rate of the turbo encoder, the required soft buffer size was estimated:
	For 8 HARQ processes: In principle, 43008 soft channel bits are estimated to be required.
	For 10 HARQ processes: In principle, 53760 soft channel bits are estimated to be required.
	For 14 HARQ processes: In principle, 75264 soft channel bits are estimated to be required.
Observation 2	The total number of soft channel bits for Rel-13 Cat-M1 is 25344. In Rel-17, depending on the assumption on the number of HARQ processes, the soft buffer size is expected to be increased about 1.7 times for 8 HARQ processes, 2.12 times for 10 HARQ processes and 2.96 times for 14 HARQ processes.
Observation 3	Depending on whether 8, 10 or 14 HARQ processes are to be used, the peak data rate can be either ~0.82 Mbps, or ~1.02 Mbps or ~1.23 Mbps, and in case of NACK(s) the soft-buffer size will determine how many of these HARQ processes can be buffered.
Observation 4	The throughput performance when the assumption is 8 HARQ processes (43008 soft channel bits) is comparable to the performance when the assumption is 10 HARQ processes (53769 soft channel bits).
Observation 5	A throughput degradation was observed when a number of HARQ processes < 8 HARQ processes was evaluated. That is, N = 6 (as to obtain 32256 soft channel bits) and N = 4 (as to obtain 21504 soft channel bits) resulted in a throughput degradation.
[bookmark: _In-sequence_SDU_delivery] 
Based on the discussion in the previous sections we propose the following:
Proposal 1	Confirm the working assumption on N = 8 HARQ processes, as to determine the soft-buffer size to consist of 43008 soft channel bits.
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