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1 Introduction
The WID in [1] contains the following objective:

· 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
· This objective begins work from RAN#90, i.e. December 2020
Summary of RAN1#104-e discussions: 

[2]
Feature Lead Summary [104-e-LTE-Rel17_NB_IoT_eMTC-03] 1st check point
Moderator (Sony)

Agreement

The number of soft channel bits is calculated based on the equation:
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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.

Summary of RAN1#104bis-e discussions: 

Agreement
The working assumption on the value of N is confirmed for the calculation of the number of soft channel bits based on the equation:
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where N=8.

Agreement
The soft channel bits for UEs supporting maximum DL TBS of 1736 bits is 43008 bits.

Agreement
Send an LS to RAN2 informing them of RAN1’s decisions on the following:

· The soft channel bits for UEs supporting maximum DL TBS of 1736 bits is 43008 bits.

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

The LS is endorsed in R1-2103942.
[3]
Summary of NWM discussion for [104b-e-LTE-Rel17_NB_IoT_eMTC-03]
Moderator (Sony)
RAN2 113bis-e discussions: 

[4]
Support of DL TBS of 1736 bits for HD-FDD Cat. M1 UEs
Huawei, HiSilicon
	Agreement

· DL TBS of 1736 bits is configured by dedicated RRC signalling.

· FFS: Whether to update L2 buffer size requirement




2 Discussion
According to the LS in [5] we need to add new soft buffer size requirements to Cat. M1 in the tables in 36.306. This can be done according to the following example:
	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
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	DL Category M1 (NOTE 4)
	1000 or 1736
	1000 or 1736
	25344 or 43008
	1


NOTE 4: The UE supports ”Maximum number of DL-SCH transport block bits transmitted within a TTI” and ”Maximum number of bits of an DL-SCH transport block transmitted within a TTI” of 1736 bits if the UE indicates support of ce-DL-1736TBS and otherwise the UE supports 1000 bits. The UE supports ”Total number of soft channel bits” of 43008 bits if the UE indicates support of ce-DL-1736TBS and otherwise the UE supports 1000 bits.
Proposal 1: Update the table 4.1A-1 in 36.306 for DL Category M1 to indicate 1736 bits TBS and 43008 soft channel bits.
In addition it is FFS from the last RAN2 meeting whether to update the L2 buffer requirement. The current L2 buffer requirement is based on 1000 bits TBS in both uplink and downlink, resulting in a peak rate of 2Mbps for the calculation:

	2e6 (UL+DL for Full duplex) * 75 e-3 /8 (bits to bytes) = 18,750 Bytes ~ 20,000.


For 1736 bits TBS, the peak data rate can be either ~0.82 Mbps, or ~1.02 Mbps or ~1.23 Mbps depending on whether 8, 10 or 14 HARQ processes are used. The maximum of 1.23 Mbps is calculated as follows, based on the fact that only 12 of the 14 HARQ processes contribute to the peak rate for HD-FDD.
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As can be seen, even with the increased peak rate for HD-FDD by utilising 1736 TBS and 14 HARQ processes, this does not exceed the peak rate (UL+DL for full duplex) therefore the L2 buffer size requirement does not increase compared to the currently specified value of 20,000 if we assume the same HARQ RTT as for full duplex with 8 HARQ processes. 
	1.23e6 * 75 e-3 /8 (bits to bytes) = 11,488 Bytes


The RTT of 75ms is based on the assumptions provided in [6] of maximum HARQ retransmission of 5, 8 HARQ processes, and RLC poll bit set every 32 TTIs, i.e. 5*8 + 32 = 72ms ~75ms.

However, according to figure 1 from [7] the RTT may not be appropriate for the case of HD-FDD with 14 HARQ processes.
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Figure 1 (from [7]) Scheduling of HARQ ID 12 with the same RTT as Rel-14 scheduling delay
In the above figure, the HARQ retransmission is scheduled in subframe 17 to be received in subframe 19 – the actual HARQ RTT is 14 + 5 = 19ms. Furthermore, since the RLC poll trigger is based on the number of PDUs, not the number of TTIs, the RLC poll would be set every 42ms assuming that 5 out of 16 TTIs are not used for DL transmissions. 

Therefore the RTT using these updated assumptions would be 19*5 + 42 = 137.

With this in mind, the calculation should be updated as follows:

	1.23e6 * 137 e-3 /8 (bits to bytes) = 21,064 Bytes


It is clear that this updated figure exceeds the current L2 buffer requirement, and that this may result in protocol stalling in the case that a HARQ process reaches the maximum number of retransmissions while the maximum throughput (i.e. utilisation of maximum TBS in every available DL transmission opportunity). 

However, it should be noted that this is a worst case scenario – it is unlikely that a HARQ process would reach the maximum number of transmissions while the peak rate is maintained at maximum – it is more likely that the change of radio conditions would be reported through CQI and the throughput adjusted accordingly. It is also possible to adjust the configuration e.g. to configure a more frequent RLC PDU poll trigger, to configure the RLC Byte counter poll trigger accordingly, or to configure the HARQ retransmissions to a smaller value than 5. 

Therefore, we would propose for the sake of simplicity (since increased memory implies an increased complexity/cost in the device) that the current L2 buffer requirement isn’t updated.
Proposal 2: No change to current L2 buffer size requirement.
3 Conclusion

In this paper we have provided a summary of progress so far on support of DL TBS of 1736 bits for HD-FDD Cat. M1 UEs, and provide some considerations for RAN2.

Proposal 1: Update the table 4.1A-1 in 36.306 for DL Category M1 to indicate 1736 bits TBS and 43008 soft channel bits.

Proposal 2: No change to current L2 buffer size requirement.
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