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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 provide an initial insight on the support of a maximum DL TBS of 1736bits [1], an analysis and our initial views on it. 
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Support of a max DL TBS of 1736 bits
The recently added Rel-17 objective on supporting “a maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A” touches upon RAN1 and RAN2 according with the following defined scope:
	· 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
· This objective begins work from RAN#90, i.e. December 2020



In the subsection below we provide a preliminary view on the applicability of a new max DL TBS for Cat. M1 UEs, the expected data rate according to [2], and as a function of it we provide an estimate of the required soft buffer size.
2.1	Applicability of a new max DL TBS
2.1.1	Spectral Efficiency Increase
Enabling the use of a larger transport block size for Cat. M1 is not strictly tied to the need of achieving a higher UE throughput, since the use of a larger TBS will allow to carry more information over the existing bandwidth which translates into a spectral efficiency increase. To illustrate the above, we can use as an example a transmission that today requires 3 HARQ processes (e.g., 3000 bits) to be completed, which upon enabling the use of a max DL TBS of 1736 bits would be completed using only 2 HARQ processes.
Moreover, the spectral efficiency increase provided by the use a of a larger TBS can in terms of scheduling be useful for cases where a larger TBS than 1000 is used, for example when performing RRC Connection reconfiguration (over 1000 bits).
[bookmark: _Toc61619318]Enabling the use of a TBS = 1736 bits is not strictly tied to achieving a higher UE throughput, since the spectral efficiency increase it provides is useful for other scenarios, e.g., to reduce the number of required HARQ processes to complete a transmission, to handle more efficiently RRC reconfiguration messages over 1000 bits, etc.
Yet another beneficial aspect from the use of a larger TBS is the potential gain in terms of UE power consumption, since a less amount of time having the UE’s transmitter/receiver active translates into battery savings.
[bookmark: _Toc61619319]The use of a larger TBS provides gains in terms of UE power consumption, since a less amount of time having the UE’s transmitter/receiver active translates into battery savings.
2.1.2	Targeted Data Rate
In [2], a set of use cases were discussed to justify the support of a larger DL TBS. The discussed use cases included “watches and wearables”, “High data-rate music”, “Small-format video”, “Firmware download”, and “Point-of-sale transactions”. In [2], the following conclusion can be found:
	Conclusion 1: The two relevant use cases to consider regarding necessity of a WID revision are watches/wearables, and small-format video, when delivered by a HD-FDD (half-duplex FDD) Cat. M1 UE.



[bookmark: _Toc61619320]In RAN# 88e a set of use cases were discussed to justify the support of “a maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A”, where 1 Mbps was the peak data rate required for the identified use cases.
The relevant use cases in the conclusion above require “1 Mbps peak rate” [2]. Today, for HD-FDD Cat M1 UEs a peak data rate of 588kbps can be achieved in the physical layer through the combined usage of 10 HARQ processes and the HARQ-ACK bundling feature. Moreover, when the 3GPP Rel-17 will be completed and 14 HARQ processes can be used along with the HARQ-ACK bundling feature the peak data rate will be increased up to 706kbps.
In Rel-17, when a larger DL TBS will become available, the target peak rate of “1 Mbps” won’t be achievable using the Rel-13 TBS table with single-TB scheduling. This because the Rel-13 TBS table requires 6 PRBs to schedule a TBS of 1736 bits (See Table 7.1.7.2.1-1 in [3]), but the 6 PRBs received by a Cat-M1 UE using single-TB scheduling need to be shared between MPDCCH and PDSCH, which means that PDSCH needs to be scheduled with less than 6 PRBs. Thus, for the Rel-13 TBS table, use of multi-TB scheduling will be needed to reach approximately 1 Mbps as depicted in Table 1.
Table 1: Combined usage of multi-TB using 8 HARQ processes along with the HARQ-ACK bundling for a Cat M1 HD-FDD UE.
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Based on the scheduling diagram in Table 1, the Rel-13 TBS table with 6PRB and multi-TB using 8 HARQ processes combined with HARQ-ACK bundling would result in the following peak data rate:
· [bookmark: _Hlk51157882]Multi-TB scheduling of 8 TBs with HARQ-ACK bundling and 1736 bits: 992 kbps (i.e., ⁓1 Mbps)

[bookmark: _Toc61619321]The Rel-13 TBS table with 6 PRB and Rel-16 multi-TB scheduling with HARQ-ACK bundling can support ~1 Mbps (992 kbps).
The 1736-bit TBS can be used with single-TB scheduling when the UE is configured with 64QAM. According to Table 7.1.7.1-1 and Table 7.1.7.2.1-1, just 3 or 4 PRBs would be required to schedule a TBS of 1736 bits [3]. Table 2 illustrates the combined usage of 14 HARQ processes and HARQ-ACK bundling without the use of multi-TB scheduling.
[bookmark: _Hlk51156511][bookmark: _Hlk31206894]Table 2: Combined usage of 14 HARQ processes and HARQ-ACK bundling for a Cat M1 HD-FDD UE.
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Based on the scheduling diagram in Table 2, the Rel-15 (64QAM) TBS table with 3 or 4 PRBs and single-TB scheduling with 10 or 14 HARQ processes combined with HARQ-ACK bundling would result in the following peak data rates:
· 10 HARQ processes combined with HARQ-ACK bundling and 1736 bits: ⁓1.0212 Mbps
· 14 HARQ processes combined with HARQ-ACK bundling and 1736 bits: ⁓1.2254 Mbps

Regarding the use of multi-TB and the Rel-15 TBS table, multi-TB would still be used along with 8 HARQ processes combined with HARQ-ACK bundling since with multi-TB at most 8 transport blocks can be scheduled with a single DCI.
[bookmark: _Toc61619322]The Rel-15 (64QAM) TBS table with 3 or 4 PRBs and single-TB scheduling with Rel-14 HARQ-ACK bundling can support ~1.02 Mbps with 10 HARQ processes and ~1.23 Mbps with 14 HARQ processes.

[bookmark: _Toc61619328]The new larger DL TBS of 1736 bits should be usable along with the following combinations: 
· [bookmark: _Toc61619329]The Rel-13 TBS table (6 PRBs) should be used with Rel-16 Multi-TB scheduling along with Rel-14 HARQ-ACK bundling and up to 8 HARQ processes.
· [bookmark: _Toc61619330]The Rel-15 (64QAM) TBS table (3 or 4 PRBs) should be used with 1) Single-TB scheduling along with Rel-14 HARQ-ACK bundling and up to 10 or 14 HARQ processes, 2) Multi-TB scheduling along with Rel-14 HARQ-ACK bundling and up to 8 HARQ processes.
2.2	Determination of the Soft Buffer size
[bookmark: _Hlk51855551][bookmark: _Hlk51855568]The specified “Total number of soft channel bits” is 25344 regardless of whether 8 or 10 HARQ processes are supported [4]. 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



If the current soft buffer size is simply scaled up according to the larger TBS, then:
·  soft channel bits.
 
[bookmark: _Toc61619323]If the current soft buffer size designed for 8 processes, upgraded in Rel-14 to support the 10 processes were simply scaled up according to the larger TBS, then 43998 soft channel bits are estimated to be required.
In order 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 both 10 and 14 HARQ processes.
· 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 the soft buffer size is at most expected to be increased about 2.12 times for 10 HARQ processes and 2.96 times for 14 HARQ processes respectively. Recall that depending on whether 10 or 14 HARQ processes are used, the peak data rate can be either ~1.02 Mbps or ~1.23 Mbps.
[bookmark: _Toc61619324]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: _Toc61619325]For 10 HARQ processes: In principle, 53760 soft channel bits are estimated to be required.
· [bookmark: _Toc61619326]For 14 HARQ processes: In principle, 75264 soft channel bits are estimated to be required.
[bookmark: _Toc61619327]The total number of soft channel bits for Rel-13 Cat-M1 is 25344. In Rel-17, the soft buffer size is at most expected to be increased about 2.12 times for 10 HARQ processes and 2.96 times for 14 HARQ processes to provide peak data rates of ~1.02 Mbps and ~1.23 Mbps respectively.
From UE implementation points of view (e.g. bill-of-material cost and design reusability), it may be desired to adopt a smaller soft buffer size than the one derived theoretically above. From a RAN1 perspective it will be beneficial to gather preliminary thoughts on e.g., what are the soft buffer size options that can be considered, and what aspects should be considered towards performing a suitable analysis for this objective.
[bookmark: _Toc61619331]Discuss the soft buffer size estimated to be required for 10 and 14 HARQ processes (53760 and 75264 soft channel bits respectively), and the feasibility and advantages (e.g., cost reduction) of using a smaller soft buffer size than the ones derived theoretically.
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	Enabling the use of a TBS = 1736 bits is not strictly tied to achieving a higher UE throughput, since the spectral efficiency increase it provides is useful for other scenarios, e.g., to reduce the number of required HARQ processes to complete a transmission, to handle more efficiently RRC reconfiguration messages over 1000 bits, etc.
Observation 2	The use of a larger TBS provides gains in terms of UE power consumption, since a less amount of time having the UE’s transmitter/receiver active translates into battery savings.
Observation 3	In RAN# 88e a set of use cases were discussed to justify the support of “a maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A”, where 1 Mbps was the peak data rate required for the identified use cases.
Observation 4	The Rel-13 TBS table with 6 PRB and Rel-16 multi-TB scheduling with HARQ-ACK bundling can support ~1 Mbps (992 kbps).
Observation 5	The Rel-15 (64QAM) TBS table with 3 or 4 PRBs and single-TB scheduling with Rel-14 HARQ-ACK bundling can support ~1.02 Mbps with 10 HARQ processes and ~1.23 Mbps with 14 HARQ processes.
Observation 6	If the current soft buffer size designed for 8 processes, upgraded in Rel-14 to support the 10 processes were simply scaled up according to the larger TBS, then 43998 soft channel bits are estimated to be required.
Observation 7	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 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 8	The total number of soft channel bits for Rel-13 Cat-M1 is 25344. In Rel-17, the soft buffer size is at most expected to be increased about 2.12 times for 10 HARQ processes and 2.96 times for 14 HARQ processes to provide peak data rates of ~1.02 Mbps and ~1.23 Mbps respectively.
[bookmark: _In-sequence_SDU_delivery] 
Based on the discussion in the previous sections we propose the following:
Proposal 1	The new larger DL TBS of 1736 bits should be usable along with the following combinations:
	The Rel-13 TBS table (6 PRBs) should be used with Rel-16 Multi-TB scheduling along with Rel-14 HARQ-ACK bundling and up to 8 HARQ processes.
	The Rel-15 (64QAM) TBS table (3 or 4 PRBs) should be used with 1) Single-TB scheduling along with Rel-14 HARQ-ACK bundling and up to 10 or 14 HARQ processes, 2) Multi-TB scheduling along with Rel-14 HARQ-ACK bundling and up to 8 HARQ processes.
Proposal 2	Discuss the soft buffer size estimated to be required for 10 and 14 HARQ processes (53760 and 75264 soft channel bits respectively), and the feasibility and advantages (e.g., cost reduction) of using a smaller soft buffer size than the ones derived theoretically.
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