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Discussion and Decision
1
Introduction
In RAN1#86, it was agreed to introduce FeMTC UE supporting larger channel bandwidth for PDSCH and PUSCH. In addition, the maximum TBS was also increased for UE with maximum 1.4 MHz bandwidth in TDD/HD-FDD. Specifically –
· For Rel-14 FeMTC UEs, the maximum UL TBS for CEMode A UEs with maximum 1.4 MHz bandwidth in TDD/HD-FDD is increased to 2984 bits.

· Idle mode operations reuse the Rel-13 eMTC design.
· Study till next meeting whether there are any issues with a maximum useable PDSCH/PUSCH channel bandwidth which is a multiple of 6 PRBs.
· For Rel-14 FeMTC UEs supporting larger UE channel BW for PDSCH and PUSCH:
· The larger max. DL TBS is at least 2984 bits.

· The larger max. UL TBS is at least 2984 bits.

This contribution addresses the maximum TBS for FeMTC UE.

2
Maximum TBS for 1.4 MHz UE
In RAN1#86, it was agreed to increase the maximum uplink TBS for CEMode A UE with maximum 1.4 MHz bandwidth in TDD/HD-FDD to 2984 bits. This will allow the UE to support peak data rate close to 1 Mbps which is comparable to FDD UE. The signalling method to support this larger TBS, however, has not been decided. Several approaches are possible –
1. Reuse existing DCI format 6-0A. A fixed offset is applied to the IMCS index to derive at the corresponding ITBS value [1]. In [1], an offset value of 6 is used. This would enable the UE to use ITBS values from 6 to 21, which will support up to 2984 bits with 6 PRBs. However, ITBS values 0 to 5 cannot be used. This would make the lowest TBS value 104 bits which would require padding for small packets.
2. Increase the size of the MCS field to 5 bits so that all ITBS fields up to 21 can be allocated to the UE. This is straightforward but will require a different interpretation of the MCS field for FeMTC UE. As idle mode operations reuse Rel-13 eMTC design, eNB would be aware of the new UE capability and there should not be a problem to use a slightly different DCI format for this UE. However, DCI format 6-0A would need to be changed.
3. Use two different IMCS to ITBS mappings or tables. One mapping can be the legacy mapping, while the other can include an offset. A bit in the DCI can be used to dynamically toggle between the two mappings. This can be appended to the end of the current DCI format 6-0A to replace one of the spare bits that are needed to match the size of 6-0A to 6-1A. This allows the same DCI format 6-0A to be used for eMTC and FeMTC albeit with different interpretation.
4. Define a new table that selectively covers ITBS range from 0 to 21 (i.e. using only 16 out of the 22 values). Use this new table for FeMTC TDD/HD-FDD UE that is in connected mode. This is the simplest solution but will eliminate some entries from the table. This means that there would be some loss in inefficiency as the possible MCS levels are reduced.
Table 1 shows the PUSCH TBS table that would be applicable to FeMTC TDD/HD-FDD UE. From the table, it is seen that the step sizes or levels of granularity among different MCS levels are largest for lower ITBS values and generally decreases with increasing ITBS values. For instance, the difference between ITBS values of 20 and 21 is around 0.3 dB. Furthermore, channel knowledge and link adaptation in LTE may not be sufficiently accurate to distinguish between these two levels. Therefore, supporting only a subset of the MCS tables could be sufficient to provide most of the gain compared to using the full table. 
Table 1. PUSCH TBS subset table.
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	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	7
	104
	224
	328
	472
	584
	712

	8
	120
	256
	392
	536
	680
	808

	9
	136
	296
	456
	616
	776
	936

	10
	144
	328
	504
	680
	872
	1032

	11
	176
	376
	584
	776
	1000
	1192

	12
	208
	440
	680
	904
	1128
	1352

	13
	224
	488
	744
	1000
	1256
	1544

	14
	256
	552
	840
	1128
	1416
	1736

	15
	280
	600
	904
	1224
	1544
	1800

	16
	328
	632
	968
	1288
	1608
	1928

	17
	336
	696
	1064
	1416
	1800
	2152

	18
	376
	776
	1160
	1544
	1992
	2344

	19
	408
	840
	1288
	1736
	2152
	2600

	20
	440
	904
	1384
	1864
	2344
	2792

	21
	488
	1000
	1480
	1992
	2472
	2984


Based on the discussion, it is seen that it may be sufficient to use only a subset of the MCS tables for FeMTC TDD/HD-FDD UE. For example, ITBS values of 9, 11, 13, 16, 18, 20 may be removed from Table 1. This will provide 16 ITBS values for FeMTC TDD/HD-FDD UEs while allowing close to full flexibility of MCS levels. Therefore, it is proposed to reused existing DCI format 6-0A with new IMCS to ITBS mapping table.
Proposal 1: Reuse existing DCI format 6-0A for FeMTC TDD/HD-FDD UE. 

Proposal 2: Introduce a new IMCS to ITBS mapping table for FeMTC TDD/HD-FDD UE. The table covers ITBS values from 0 to 21 with some ITBS values not supported.
3
Maximum TBS for 5 MHz UE
In RAN1#86, it was agreed that for Rel-14 FeMTC UE supporting larger UE channel BW, the maximum TBS is at least 2984 bits. In addition, it was also agreed that BL UE in CE mode A can support channel bandwidth of 5 MHz in connected mode. If we look at the existing TBS table for 5 MHz using 16-QAM, the maximum TBS is 7736 bits. However, based on the design in [2], it is preferable that the indication of the allocated resource for larger channel bandwidth is based on eMTC. This means that the maximum useable PDSCH/PUSCH channel bandwidth will be a multiple of 6 PRBs. In this case, in 5 MHz there would be 4 narrowbands available for use. Using the TBS table for 24 PRBs and 16-QAM, the maximum TBS is 7224 bits.
Complexity calculation from [3] indicates overall relative cost saving of 10.5% - 21% compared to Cat-1 UE when both DL and UL peak data rates are reduced to 1 Mbps. If the maximum TBS is increased to 2984 bits, the overall relative cost saving will be 7.5% - 15% compared to Cat-1 UE. If the maximum TBS is increased to 7724 bits (note that this is higher than the maximum UL TBS for Cat-1 UE which is 5160 bits), the overall relative cost saving will be around 1%-2% after accounting for the slight increased complexity in the UL. Thus, it is seen that increasing the maximum TBS to 7724 bits will eliminate 10%-20% in relative cost saving.
One possible approach is to support peak rates of around 5 Mbps which will allow high peak data rates while providing some cost savings. If we use 5160 bits as the maximum TBS size (same as for Cat-1 UE in the uplink), this would provide relative cost saving of approximately 6% - 15%. This is because the majority of the cost savings related to peak data rates are from DL peak reduction (i.e. Turbo decoding and HARQ buffer).
When considered all together, this 5 MHz UE will have 1 Rx antenna, half-duplex operation, peak data rates of approximately 5 Mbps in both DL and UL, and reduced transmission power. The overall cost saving relative to Cat-1 UE will be approximately 60% - 65%. This compares favorably with Cat-M1, which provides a cost saving of approximately 75% - 80%. Therefore, it is proposed that the maximum DL and UL TBS for the 5 MHz FeMTC UE is 5160 bits.
Proposal 3: For Rel-14 FeMTC UEs supporting larger UE channel BW for PDSCH and PUSCH, the maximum DL and UL TBS is 5160 bits. 
4
Conclusions
In this contribution, we consider the maximum TBS values for FeMTC UEs and make the following proposals –

Proposal 1: Reuse existing DCI format 6-0A for FeMTC TDD/HD-FDD UE. 

Proposal 2: Introduce a new IMCS to ITBS mapping table for FeMTC TDD/HD-FDD UE. The table covers ITBS values from 0 to 21 with some ITBS values not supported.
Proposal 3: For Rel-14 FeMTC UEs supporting larger UE channel BW for PDSCH and PUSCH, the maximum DL and UL TBS is 5160 bits. 
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