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1 Introduction

In the Work Item (WI) on “Rel-17 enhancements for NB-IoT and LTE-MTC” [1], the following objectives were captured for NB-IoT and LTE-M:
	· Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]

· Extend the NB-IoT channel quality reporting based on the framework of Rel-14—16, to support 16-QAM in DL. [NB-IoT] [RAN2, RAN1, RAN4] 

· Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL, for HD-FDD Cat M1 UEs. [LTE-MTC] [RAN1]
· 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



In RAN2#113bis-e, the following agreements were made:

· Working assumption: For the UE supporting 16-QAM, the L2 buffer size is 12000 bytes. 

· Working assumption: Support of 16-QAM has separate UE capabilities for DL and UL
· 14 HARQ activation is configured by dedicated RRC signalling.

· Working assumption: No change to current L2 buffer size requirement
· DL TBS of 1736 bits is configured by dedicated RRC signalling.

· FFS: Whether to update L2 buffer size requirement
In this contribution we discuss layer 2 buffer size requirements for NB-IoT UEs supporting 16 QAM, HD-FDD Cat M1 UEs supporting 14 HARQ processes in DL and HD-FDD Cat M1 UEs in CE mode A supporting max DL TBS of 1736 bits.
2 Layer 2 buffer size calculation
In TS 36.306 [2], the field ue-Category-NB defines a combined uplink and downlink capability in NB-IoT. Tables 4.1C-1 and 4.1C-2 define the downlink and, respectively, uplink physical layer parameter values for each UE Category. For each UE category, the soft channel bits size is determined based on the instantaneous peak data rate supported per subframe multiplied by the number of HARQ processes and applying the soft buffer reduction factor as described in [3].

Table 4.1C-3 defines the total layer 2 buffer sizes set by the fields Category NB1 and Category NB2. Total layer 2 buffer size is defined as the sum of the number of bytes that the UE is capable of storing in the RLC transmission windows and RLC reception and reordering windows for all radio bearers [2].The buffer size for a UE category can be calculated as follows [4]

Total layer 2 buffer size for a UE category (bytes)
= (“Maximum number of DL-SCH transport block bits received within a TTI” + “Maximum number of UL-SCH transport block bits transmitted within a TTI”) / TTI * 0.075s / 8.
= (1000 + 1000) / 0.001 * 0.075 / 8 = 18750 bytes => ~20 000bytes
This would allow transmitting RLC entities to continue sending new data at the maximum bit rate supported by the category in both UL and DL for 75 ms before having received an RLC ACK for the lowest outstanding RLC PDU.
For NB-IoT, a similar approach can be used to calculate the L2 buffer size, however as discussed in [5], there are a few aspects that should be considered when compared to e.g., Cat 0 or Cat M1.
During the NB-IoT study item, maximum data size was assumed to be 2000 bytes, e.g., for software upgrade, but typical data sizes were assumed to be between 20 and 200 bytes. Even for the worst-case scenario, it is very unlikely that 20 Kbytes is needed. Therefore, L2 buffer size would be over-dimensioned for NB-IoT if same layer 2 buffer size is defined as for Cat 0 or Cat M1.

In NB-IOT, the maximum number of HARQ processes was first specified as 1 and in later releases this was changed to 2. On the other hand, for Cat 0 or Cat M1, the maximum number of HARQ processes was first specified as 8 and in later releases this was changed to 10 and now in Rel-17 the possibility to have 14 HARQ processes is introduced. RLC buffer size is decided based on how many RLC PDUs can be transmitted before RLC detects the failed RLC PDU i.e. RLC round trip time. In E_UTRAN, it is assumed to be 75ms which means that the receiver may receive up to 75 RLC PDUs before it detects the failed RLC PDU. This is a valid assumption in case of multiple HARQ operation where multiple RLC PDUs can be transmitted in parallel and the receiver also needs to wait for reordering time to detect the failure of RLC PDU. In NB-IOT considering that the number of HARQ processes is limited not too many RLC PDUs are received in parallel and thus the UE can send the RLC status PDU rather quickly when reception failure of RLC data PDU is detected. Therefore, only a few RLC PDUs can be delivered when the failed PDU is detected by the transmitter. Although the actual number of RLC PDUs depends on the scheduling and delay, it is unlikely that the number of RLC PDUs in the buffer comes up to 75.
In [6], RAN2 agreed that number of RLC PDUs is assumed to be 16 considering support for one HARQ process, so for a Cat NB1 UE layer 2 buffer size is 4000 bytes based on the following calculation given in [5]:
Total L2 buffer size for Cat NB1 =   maximum downlink data rate (1000 bits) * # of RLC PDUs

+ maximum uplink data rate (1000 bits) * # of RLC PDUs
Total L2 buffer size for Cat NB1 (bytes) = (1000 * 16 + 1000 * 16) / 8 = 4000 bytes
Note that this calculation does not seem to be entirely correct since maximum downlink data rate should be 680 bits and thus the total L2 buffer size for Cat NB1 should be 3360 bytes. But one can considered that 3360 bytes is rounded up to 4000 bytes as captured in 36.306.
3 Layer 2 buffer size requirements
3.1 NB-IoT UEs supporting 16 QAM

In the related WI objective, the following is captured: “For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased.” In RAN1#104bis-e, it was agreed that for DL maximum TBS is 4968.
Using the calculation below:

Total L2 buffer size for Cat NB2 = maximum downlink data rate * # of RLC PDUs

+ maximum uplink data rate * # of RLC PDUs
where # of RLC PDUs is 16, we have the following total L2 buffer size for Cat NB2 supporting 16 QAM:

Total L2 buffer size for Cat NB2 = ((4968) * 16 + 2536 * 16) / 8 = 15008 bytes => ~16 000bytes
Proposal 1 For Cat NB2 UE supporting 16-QAM, the total L2 buffer size is 16000 bytes. 

3.2 Cat M1 UEs supporting 14 HARQ processes in DL
In Table 4.1A-1 and Table 4.1A-2, Downlink/Uplink physical layer parameter values set by the fields ue-CategoryDL/ue-CategoryUL are given. For DL Cat M1, maximum number of DL-SCH transport block bits received within a TTI is 1000 bits whereas for UL Cat M1, maximum number of UL-SCH transport block bits transmitted within a TTI is 1000 or 2984 where the latter is in case the UE indicates support of ce-PUSCH-NB-MaxTBS-r14. The UE supports "Total layer 2 buffer size" of 40 000 bytes if it indicates support of ce-PUSCH-NB-MaxTBS-r14. Otherwise the UE supports 20 000 bytes.
If layer buffer sizes were determined with the assumption that 8 HARQ processes are used, one may consider updating those for Cat M1 UEs supporting 14 HARQ processes in the DL. Since 14 HARQ processes are supported only in DL, it may be justified to increase the total layer 2 buffer size with a factor of 1.3, but considering that this is HD-FDD Cat M1 UEs, no change is required to the current L2 buffer sizes.
Proposal 2 For HD-FDD Cat M1 UEs supporting 14 HARQ processes in DL, no change is required to the current L2 buffer sizes. 

3.3 Cat M1 UEs supporting max DL TBS of 1736 bits
As mentioned in section 3.2, for DL Cat M1, maximum number of DL-SCH transport block bits received within a TTI is 1000 bits whereas for UL Cat M1, maximum number of UL-SCH transport block bits transmitted within a TTI is 1000 or 2984 where the latter is in case the UE indicates support of ce-PUSCH-NB-MaxTBS-r14. The UE supports "Total layer 2 buffer size" of 40 000 bytes if it indicates support of ce-PUSCH-NB-MaxTBS-r14. Otherwise the UE supports 20 000 bytes. 
The buffer size for a Cat M1 UE supporting max DL TBS of 1736 bits can be calculated as follows when maximum number of UL-SCH transport block bits transmitted within a TTI is 1000 bits considering that this is only for HD-FDD Cat-M1 UEs [4]

Total layer 2 buffer size
= Max(“Maximum number of DL-SCH transport block bits received within a TTI”, “Maximum number of UL-SCH transport block bits transmitted within a TTI”) / 0.001 * 0.075s / 8.
= (1736) / 0.001 * 0.075 / 8 = 16 275 bytes
14 HARQ processes are supported only in DL and assuming that this calculation was based on the assumption that 8 HARQ processes are supported, total layer 2 buffer size can be adjusted for 14 HARQ processes if multiplied with a factor of .~1.3. This is due to extrapolating the support for 8 HARQ processes with the support for 14 HARQ processes considering that 14 HARQ processes are supported only in DL assuming that maximum number of SCH transport block bits received within a TTI is the same both in DL and UL, i.e., (1.75 + 1)/(1+1) = 1.375. One could have taken this factor as 1.4 instead actually, but considering that 14 HARQ mechanism is a bit special in the sense that 4 new DL HARQ processes (on top of the 10 DL HARQ processes that are optionally supported in Rel-14) are a bit special since they have twice as long HARQ RTT since one only schedules HARQ processes #10 and #11 in every second HARQ-ACK bundling cycle and similarly only schedule HARQ processes #12 and #13 in every second HARQ-ACK bundling cycle. The total layer 2 buffer size would then be:
Total layer 2 buffer size = 16275 * (14/8) = 28 481 bytes => ~30 000 bytes
When maximum number of UL-SCH transport block bits transmitted within a TTI is 2984 bits, the buffer size for a Cat M1 UE supporting max DL TBS of 1736 bits can be calculated as follows [4]

Total layer 2 buffer size
= (“Maximum number of DL-SCH transport block bits received within a TTI” + “Maximum number of UL-SCH transport block bits transmitted within a TTI”) / 0.001 * 0.075s / 8.
= (2984) / 0.001 * 0.075 / 8 = 27975 bytes => ~30 000bytes
Note that 14 HARQ processes are supported only in DL.
Proposal 3 For Cat M1 UE supporting max DL TBS of 1736 bits, the L2 buffer size is 30000 bytes when maximum number of UL-SCH transport block bits transmitted within a TTI is 1000 bits. 

Proposal 4 For Cat M1 UE supporting max DL TBS of 1736 bits, the L2 buffer size is 30000 bytes when maximum number of UL-SCH transport block bits transmitted within a TTI is 2984 bits. 

4 Conclusion

In this contribution we discuss layer 2 buffer size requirements for NB-IoT UEs supporting 16 QAM, HD-FDD Cat M1 UEs supporting 14 HARQ processes in DL and HD-FDD Cat M1 UEs in CE mode A supporting max DL TBS of 1736 bits. In section 2 we have made the following observations:

Based on the discussion above we propose the following:
Proposal 1
For Cat NB2 UE supporting 16-QAM, the total L2 buffer size is 16000 bytes.
Proposal 2
For HD-FDD Cat M1 UEs supporting 14 HARQ processes in DL, no change is required to the current L2 buffer sizes.
Proposal 3
For Cat M1 UE supporting max DL TBS of 1736 bits, the L2 buffer size is 30000 bytes when maximum number of UL-SCH transport block bits transmitted within a TTI is 1000 bits.
Proposal 4
For Cat M1 UE supporting max DL TBS of 1736 bits, the L2 buffer size is 30000 bytes when maximum number of UL-SCH transport block bits transmitted within a TTI is 2984 bits.
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6 Appendix
4.1C
ue-Category-NB
The field ue-Category-NB defines a combined uplink and downlink capability in NB-IoT. The parameters set by the UE Category are defined in clause 4.2. Tables 4.1C-1 and 4.1C-2 define the downlink and, respectively, uplink physical layer parameter values for each UE Category. A UE indicating Category NB2 shall also indicate Category NB1.
Table 4.1C-1: Downlink physical layer parameter values set by the field ue-Category-NB
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits

	Category NB1
	680
	680
	2112

	Category NB2 
	2536
	2536
	6400


Table 4.1C-2: Uplink physical layer parameter values set by the field ue-Category-NB

	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI

	Category NB1
	1000
	1000

	Category NB2
	2536
	2536


Table 4.1C-3: Total layer 2 buffer sizes set by the field ue-Category-NB
	UE Category
	Total layer 2 buffer size [bytes]

	Category NB1
	4000

	Category NB2
	8000


Table 4.1C-5: Half-duplex FDD operation type set by the field ue-Category-NB for a half-duplex FDD capable UE

	UE Category
	Half-duplex FDD operation type

	Category NB1
	Type B

	Category NB2
	Type B


4.1A
ue-CategoryDL and ue-CategoryUL
The fields ue-CategoryDL and ue-CategoryUL define downlink/uplink capability respectively. The parameters set by the UE DL/UL Categories are defined in clause 4.2. Tables 4.1A-1 and 4.1A-2 define the downlink and, respectively, uplink physical layer parameter values for each UE DL/UL Category. Table 4.1A-4 defines the minimum capability for the maximum number of bits of a MCH transport block received within a TTI for an MBMS capable UE capable of reception via MBSFN. Table 4.1A-6 defines the only combinations for UE UL and DL Categories that are allowed to be signalled with ue-CategoryDL and ue-CategoryUL. Table 4.1A-6 also defines which UE Categories a UE shall indicate in addition to the combinations for UE UL and DL Categories. For a BL UE, Table 4.1A-7 defines the only combinations for UE UL and DL Categories that are allowed to be signalled with ue-CategoryDL and ue-CategoryUL, and which UE Categories a UE shall indicate in addition to the combinations for UE UL and DL Categories. A UE indicating DL category 13 may indicate category 9 or 10 in ue-Category-v1170. A UE indicating Category M2 shall also indicate Category M1.
Table 4.1A-1: Downlink physical layer parameter values set by the field ue-CategoryDL
	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
	1000
	1000
	25344
	1

	DL Category M2
	4008
	4008
	73152
	1

	DL Category 0 (Note 2)
	1000
	1000
	25344
	1

	DL Category 1bis
	10296
	10296
	250368
	1

	DL Category 4
	150752
	75376
	1827072
	2

	DL Category 6
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4

	DL Category 7
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4

	DL Category 9
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4

	DL Category 10
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4

	DL Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	DL Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	DL Category 13
	391632
	195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	DL Category 14
	3916560
	391656 (8 layers, 256QAM)
	47431680
	8

	DL Category 15
	749856-807744 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	9744384
	2 or 4

	DL Category 16
	978960 -1051360 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	12789504
	2 or 4

	DL Category 17
	25065984
	391656 (8 layers, 256QAM)
	303562752
	8

	DL Category 18
	1174752-1211616 (Note 3)
	299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	14616576
	2 or 4 or 8

	DL Category 19
	1566336 -1658272 (Note 3)
	299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	19488768
	2 or 4 or 8

	DL Category 20
	1948064 - 2019360 (Note 3)
	299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM),

502624 (8 layers, 1024QAM)
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

125808 (2 layers, 1024QAM)
	24360960
	2 or 4 or 8

	DL Category 21
	1348960 - 1413120 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
	17052672
	2 or 4

	DL Category 22
	2349504 – 2562784
	299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)

502624 (8 layers, 1024QAM)
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

251640 (4 layers, 1024QAM)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

125808 (2 layers, 1024QAM)
	29233152
	2 or 4 or 8

	DL Category 23
	2695968 – 2869920
	299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)

502624 (8 layers, 1024QAM)
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

251640 (4 layers, 1024QAM)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

125808 (2 layers, 1024QAM)
	34105344
	2 or 4 or 8

	DL Category 24
	2936880 – 3028608
	299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)

502624 (8 layers, 1024QAM)
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

251640 (4 layers, 1024QAM)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

125808 (2 layers, 1024QAM)
	36541440
	2 or 4 or 8

	DL Category 25
	3132672 – 3316544
	299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)

502624 (8 layers, 1024QAM)
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

251640 (4 layers, 1024QAM)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

125808 (2 layers, 1024QAM)
	38977536
	2 or 4 or 8

	DL Category 26
	3422400– 3531888
	299856 (8 layers, 64QAM)

391656 (8 layers, 256QAM)

502624 (8 layers, 1024QAM)
149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

251640 (4 layers, 1024QAM)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)

100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported)

125808 (2 layers, 1024QAM)
	42631680
	2 or 4 or 8

	NOTE 1:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.
NOTE 2:
Within one TTI, a UE indicating category 0 shall be able to receive up to 1000 bits for a transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI/P-RNTI/SI-RNTI/RA-RNTI and up to 2216 bits for another transport block associated with P-RNTI/SI-RNTI/RA-RNTI.

NOTE 3:
The UE indicating category x shall reach the value within the defined range indicated by "Maximum number of DL-SCH transport block bits received within a TTI" of category x. The UE shall determine the required value within the defined range indicated by "Maximum number of DL-SCH transport block bits received within a TTI" of the corresponding category, based on its capabilities (i.e. CA band combination, MIMO, Modulation scheme). If the UE capability of CA band combination, MIMO and modulation scheme supported can exceed the upper limit of the defined range, the UE shall support the maximum value of the defined range indicated by "Maximum number of DL-SCH transport block bits received within a TTI" of the corresponding category.


Table 4.1A-2: Uplink physical layer parameter values set by the field ue-CategoryUL

	UE UL Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL
	Support for 256QAM in UL

	UL Category M1

(Note 1)
	1000 or 2984
	1000 or 2984
	No
	No

	UL Category M2
	6968
	6968
	No
	No

	UL Category 0
	1000
	1000
	No
	No

	UL Category 1bis
	5160
	5160
	No
	No

	UL Category 3
	51024
	51024
	No
	No

	UL Category 5
	75376
	75376
	Yes
	No

	UL Category 7
	102048
	51024
	No
	No

	UL Category 8
	1497760
	149776
	Yes
	No

	UL Category 13
	150752
	75376
	Yes
	No

	UL Category 14
	9585664
	149776
	Yes
	No

	UL Category 15
	226128
	75376
	Yes
	No

	UL Category 16
	105528
	105528
	Yes
	Yes

	UL Category 17
	2119360
	211936
	Yes
	Yes

	UL Category 18
	211056
	105528
	Yes
	Yes

	UL Category 19
	13563904
	211936
	Yes
	Yes

	UL Category 20
	316584
	105528
	Yes
	Yes

	UL Category 21
	301504
	75376
	Yes
	No

	UL Category 22
	422112
	105528
	Yes
	Yes

	UL Category 23
	527640
	105528
	Yes
	Yes

	UL Category 24
	633168
	105528
	Yes
	Yes

	UL Category 25
	738696
	105528
	Yes
	Yes

	UL Category 26
	844224
	105528
	Yes
	Yes

	NOTE 1:
The UE supports "Maximum number of UL-SCH transport block bits transmitted within a TTI" and "Maximum number of bits of an UL-SCH transport block transmitted within a TTI" of 2984 bits if the UE indicates support of ce-PUSCH-NB-MaxTBS-r14. Otherwise the UE supports 1000 bits. 
	


Table 4.1A-3: Total layer 2 buffer sizes set by the fields ue-CategoryDL and ue-CategoryUL

	UE DL Category
	UE UL Category
	Total layer 2 buffer size [bytes]
	With support for split bearers [bytes]

	DL Category M1 (Note 1)
	UL Category M1
	20 000 or 40 000
	N/A

	DL Category M2
	UL Category M2
	100 000
	N/A

	DL Category 0
	UL Category 0
	20 000
	N/A

	DL Category 1bis
	UL Category 1bis
	150 000
	230 000

	DL Category 4
	UL Category 5
	2 200 000
	3 300 000

	DL Category 6
	UL Category 5
	3 500 000
	6 000 000

	DL Category 6
	UL Category 16
	3 800 000
	6 300 000

	DL Category 7
	UL Category 13
	4 200 000
	6 700 000

	DL Category 7
	UL Category 18
	4 800 000
	7 300 000

	DL Category 9
	UL Category 5
	5 000 000
	7 400 000

	DL Category 9
	UL Category 16
	5 200 000
	7 700 000

	DL Category 10
	UL Category 13
	5 700 000
	8 100 000

	DL Category 10
	UL Category 18
	6 200 000
	8 700 000

	DL Category 11
	UL Category 5
	6 400 000
	11 300 000

	DL Category 11
	UL Category 16
	6 600 000
	11 500 000

	DL Category 12
	UL Category 13
	7 100 000
	12 000 000

	DL Category 12
	UL Category 15
	7 700 000
	12 600 000

	DL Category 12
	UL Category 18
	7 600 000
	12 500 000

	DL Category 12
	UL Category 20
	8 600 000
	13 500 000

	DL Category 13
	UL Category 3
	4 200 000
	7 300 000

	DL Category 13
	UL Category 5
	4 400 000
	7 600 000

	DL Category 13
	UL Category 7
	4 700 000
	7 800 000

	DL Category 13
	UL Category 13
	5 100 000
	8 300 000

	DL Category 13
	UL Category 16
	4 700 000
	7 800 000

	DL Category 13
	UL Category 18
	5 700 000
	8 800 000

	DL Category 14
	UL Category 8
	50 800 000
	76 200 000

	DL Category 14
	UL Category 17
	56 600 000
	82 000 000

	DL Category 15
	UL Category 3
	8 000 000
	13 000 000

	DL Category 15
	UL Category 5
	8 200 000
	13 400 000

	DL Category 15
	UL Category 7
	8 500 000
	13 600 000

	DL Category 15
	UL Category 13
	8 900 000
	14 100 000

	DL Category 15
	UL Category 16
	8 500 000
	13 700 000

	DL Category 15
	UL Category 18
	9 500 000
	14 700 000

	DL Category 16
	UL Category 3
	10 000 000
	17 000 000

	DL Category 16
	UL Category 5
	10 600 000
	17 400 000

	DL Category 16
	UL Category 7
	10 800 000
	17 600 000

	DL Category 16
	UL Category 13
	11 000 000
	18 100 000

	DL Category 16
	UL Category 15
	12 000 000
	18 800 000

	DL Category 16
	UL Category 16
	8 500 000
	13 700 000

	DL Category 16
	UL Category 18
	11 800 000
	18 700 000

	DL Category 16
	UL Category 20
	12 800 000
	19 700 000

	DL Category 17
	UL Category 14
	330 000 000
	530 000 000

	DL Category 17
	UL Category 19
	360 000 000
	530 000 000

	DL Category 18
	UL Category 3
	11 800 000
	21 600 000

	DL Category 18
	UL Category 5
	12 000 000
	21 800 000

	DL Category 18
	UL Category 7
	12 300 000
	22 100 000

	DL Category 18
	UL Category 13
	12 700 000
	22 500 000

	DL Category 18
	UL Category 15
	13 400 000
	23 200 000

	DL Category 18
	UL Category 16
	12 300 000
	22 100 000

	DL Category 18
	UL Category 18
	13 300 000
	23 100 000

	DL Category 18
	UL Category 20
	14 300 000
	24 100 000

	DL Category 19
	UL Category 3
	16 000 000
	28 300 000

	DL Category 19
	UL Category 5
	16 300 000
	28 500 000

	DL Category 19
	UL Category 7
	16 500 000
	28 800 000

	DL Category 19
	UL Category 13
	17 000 000
	29 200 000

	DL Category 19
	UL Category 15
	17 700 000
	29 900 000

	DL Category 19
	UL Category 16
	16 500 000
	28 800 000

	DL Category 19
	UL Category 18
	17 500 000
	29 800 000

	DL Category 19
	UL Category 20
	18 500 000
	30 800 000

	DL Category 19
	UL Category 21
	18 400 000
	30 600 000

	DL Category 20
	UL Category 3
	19 400 000
	35 800 000

	DL Category 20
	UL Category 5
	19 600 000
	36 000 000

	DL Category 20
	UL Category 7
	19 900 000
	36 300 000

	DL Category 20
	UL Category 13
	20 300 000
	36 800 000

	DL Category 20
	UL Category 15
	21 100 000
	37 500 000

	DL Category 20
	UL Category 16
	19 900 000
	36 300 000

	DL Category 20
	UL Category 18
	20 900 000
	37 300 000

	DL Category 20
	UL Category 20
	21 900 000
	38 300 000

	DL Category 20
	UL Category 21
	21 800 000
	38 200 000

	DL Category 21
	UL Category 3
	13 700 000
	23 500 000

	DL Category 21
	UL Category 5
	13 900 000
	23 700 000

	DL Category 21
	UL Category 7
	14 200 000
	24 000 000

	DL Category 21
	UL Category 13
	14 600 000
	24 400 000

	DL Category 21
	UL Category 15
	15 300 000
	25 200 000

	DL Category 21
	UL Category 16
	14 200 000
	24 000 000

	DL Category 21
	UL Category 18
	15 200 000
	25 000 000

	DL Category 21
	UL Category 20
	16 200 000
	26 000 000

	DL Category 22
	UL Category 20
	26 600 000
	47 000 000

	DL Category 22
	UL Category 22
	27 500 000
	48 000 000

	DL Category 22
	UL Category 23
	30 500 000
	51 300 000

	DL Category 22
	UL Category 24
	32 400 000
	57 000 000

	DL Category 22
	UL Category 25
	35 000 000
	59 900 000

	DL Category 22
	UL Category 26
	38 000 000
	67 600 000

	DL Category 23
	UL Category 20
	29 500 000
	50 400 000

	DL Category 23
	UL Category 22
	28 500 000
	49 000 000

	DL Category 23
	UL Category 23
	31 500 000
	52 300 000

	DL Category 23
	UL Category 24
	33 300 000
	57 900 000

	DL Category 23
	UL Category 25
	36 000 000
	60 900 000

	DL Category 23
	UL Category 26
	39 000 000
	68 600 000

	DL Category 24
	UL Category 20
	31 400 000
	56 000 000

	DL Category 24
	UL Category 22
	29 500 000
	50 000 000

	DL Category 24
	UL Category 23
	32 400 000
	53 300 000

	DL Category 24
	UL Category 24
	34 300 000
	58 900 000

	DL Category 24
	UL Category 25
	37 000 000
	61 900 000

	DL Category 24
	UL Category 26
	40 000 000
	69 500 000

	DL Category 25
	UL Category 20
	34 100 000
	58 900 000

	DL Category 25
	UL Category 22
	30 500 000
	51 000 000

	DL Category 25
	UL Category 23
	33 400 000
	54 300 000

	DL Category 25
	UL Category 24
	35 300 000
	59 900 000

	DL Category 25
	UL Category 25
	38 000 000
	62 900 000

	DL Category 25
	UL Category 26
	41 000 000
	70 500 000

	DL Category 26
	UL Category 20
	37 000 000
	66 600 000

	DL Category 26
	UL Category 22
	31 500 000
	52 000 000

	DL Category 26
	UL Category 23
	34 400 000
	55 300 000

	DL Category 26
	UL Category 24
	36 300 000
	60 900 000

	DL Category 26
	UL Category 25
	39 000 000
	63 900 000

	DL Category 26
	UL Category 26
	42 000 000
	71 500 000

	NOTE 1:
The UE supports "Total layer 2 buffer size" of 40 000 bytes if the UE indicates support of ce-PUSCH-NB-MaxTBS-r14. Otherwise the UE supports 20 000 bytes.


Table 4.1A-4: Maximum number of bits of a MCH transport block received within a TTI set by the field ue-CategoryDL for an MBMS capable UE capable of reception via MBSFN

	UE DL Category
	Maximum number of bits of a MCH transport block received within a TTI

	DL Category M1
	NA

	DL Category M2
	NA

	DL Category 0
	4584

	DL Category 1bis
	10296

	DL Category 4
	75376

	DL Category 6
	75376

	DL Category 7
	75376

	DL Category 9
	75376

	DL Category 10
	75376

	DL Category 11
	75376 (64QAM)
97896 (256QAM)

	DL Category 12
	75376 (64QAM)
97896 (256QAM)

	DL Category 13
	75376 (64QAM)
97896 (256QAM)

	DL Category 14
	75376 (64QAM)
97896 (256QAM)

	DL Category 15
	75376 (64QAM)
97896 (256QAM)

	DL Category 16
	75376 (64QAM)
97896 (256QAM)

	DL Category 17
	75376 (64QAM)
97896 (256QAM)

	DL Category 18
	75376 (64QAM)
97896 (256QAM)

	DL Category 19
	75376 (64QAM)
97896 (256QAM)

	DL Category 20
	75376 (64QAM)

97896 (256QAM)

	DL Category 21
	75376 (64QAM)

97896 (256QAM)


Table 4.1A-5: Half-duplex FDD operation type set by the field ue-CategoryDL for a half-duplex FDD capable UE

	UE DL Category
	Half-duplex FDD operation type

	DL Category M1
	Type B

	DL Category M2
	Type B

	DL Category 0
	Type B

	DL Category 1bis
	Type A

	DL Category 4
	Type A

	DL Category 6
	Type A

	DL Category 7
	Type A

	DL Category 9
	Type A

	DL Category 10
	Type A

	DL Category 11
	Type A

	DL Category 12
	Type A

	DL Category 13
	Type A

	DL Category 14
	Type A

	DL Category 15
	Type A

	DL Category 16
	Type A

	DL Category 17
	Type A

	DL Category 18
	Type A

	DL Category 19
	Type A

	DL Category 20
	Type A

	DL Category 21
	Type A
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