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1 Introduction
In RAN #72 meeting, new WI proposal on Further Enhanced MTC was agreed [1]. One objection of this WI is support of higher date rates.
· Specify HARQ-ACK bundling in CE mode A in HD-FDD

· Larger maximum TBS

· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios

· Up to 10 DL HARQ processes in CE mode A in FD-FDD

To support higher data rates for MTC UEs, we discuss the potential solutions to support larger maximum TBS and larger PDSCH/PUSCH channel bandwidth in this contribution.
2 Support of Larger maximum TBS
Maximum DL/UL TBS for DL/UL Category 0 and M1 is 1000 bits. To support higher DL and UL data rates, higher maximum TBS should be considered. Value of maximum TBS can be determined according to the modulation scheme, the maximum TBS that SIB(s) requires or traffic model that the MTC UEs support.
If the Rel-14 MTC UEs reuse the same modulation scheme as that of Rel-13, only QPSK and 16QAM modulation can be supported. The maximum TBS can be determined according to the maximum TBS for 16QAM modulation and the channel bandwidth. To reduce the specification impact, maximum TBS can be determined by reusing current IMCS , NPRB and TBS table. If same channel bandwidth is kept as that of Rel-13 (i.e., the channel bandwidth is 1.4 MHz), according to current Table 7.1.7.2.1-1 in TS 36.213, the maximum TBS would be 1736 bits as shown in Table 1. According to current CQI table, to achieve the maximum spectral efficiency (616/1024) for 16QAM modulation, the maximum TBS for NPRB = 6 would be 2079 bits.
Table 1 TBS table for 16QAM and 1.4 MHz channel bandwidth
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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


For larger channel bandwidth such as 5MHz, if current TBS table and CQI table are reused, the maximum TBS would be 7224 bits as shown in Table 2. To achieve the maximum spectral efficiency for 16QAM modulation, the maximum TBS for NPRB = 25 would be 8662 bits.
Table 2 TBS table for 16QAM and 5 MHz channel bandwidth
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536

	14
	256
	552
	840
	1128
	1416
	1736
	1992
	2280
	2600
	2856
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	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	0
	288
	328
	344
	376
	392
	424
	456
	488
	504
	536

	1
	376
	424
	456
	488
	520
	568
	600
	632
	680
	712

	2
	472
	520
	568
	616
	648
	696
	744
	776
	840
	872

	3
	616
	680
	744
	808
	872
	904
	968
	1032
	1096
	1160

	4
	776
	840
	904
	1000
	1064
	1128
	1192
	1288
	1352
	1416

	5
	968
	1032
	1128
	1224
	1320
	1384
	1480
	1544
	1672
	1736

	6
	1128
	1224
	1352
	1480
	1544
	1672
	1736
	1864
	1992
	2088

	7
	1320
	1480
	1608
	1672
	1800
	1928
	2088
	2216
	2344
	2472

	8
	1544
	1672
	1800
	1928
	2088
	2216
	2344
	2536
	2664
	2792

	9
	1736
	1864
	2024
	2216
	2344
	2536
	2664
	2856
	2984
	3112

	10
	1928
	2088
	2280
	2472
	2664
	2792
	2984
	3112
	3368
	3496

	11
	2216
	2408
	2600
	2792
	2984
	3240
	3496
	3624
	3880
	4008

	12
	2472
	2728
	2984
	3240
	3368
	3624
	3880
	4136
	4392
	4584

	13
	2856
	3112
	3368
	3624
	3880
	4136
	4392
	4584
	4968
	5160

	14
	3112
	3496
	3752
	4008
	4264
	4584
	4968
	5160
	5544
	5736
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	21
	22
	23
	24
	25

	0
	568
	600
	616
	648
	680

	1
	744
	776
	808
	872
	904

	2
	936
	968
	1000
	1064
	1096

	3
	1224
	1256
	1320
	1384
	1416

	4
	1480
	1544
	1608
	1736
	1800

	5
	1864
	1928
	2024
	2088
	2216

	6
	2216
	2280
	2408
	2472
	2600

	7
	2536
	2664
	2792
	2984
	3112

	8
	2984
	3112
	3240
	3368
	3496

	9
	3368
	3496
	3624
	3752
	4008

	10
	3752
	3880
	4008
	4264
	4392

	11
	4264
	4392
	4584
	4776
	4968

	12
	4776
	4968
	5352
	5544
	5736

	13
	5352
	5736
	5992
	6200
	6456

	14
	5992
	6200
	6456
	6968
	7224


Observation 1: To reuse current TBS table design, maximum TBS can be extended to 1736 bits for NPRB = 6 and 7224 bits for NPRB = 25 for MTC.
Observation 2: According to current CQI table, to achieve the maximum spectral efficiency, maximum TBS can be extended to 2079 bits for NPRB = 6 and 8662  bits for NPRB = 25 if 4-bit ITBS is kept for MTC.
3 Support of larger PDSCH/PUSCH channel bandwidth
3.1 Support of larger bandwidth

To support PDSCH/PUSCH channel bandwidth larger than 1.4 MHz in connected mode, the RF bandwidth of MTC UEs should be extended. According to [2], besides data rates, UE bandwidth has impact on UE complexity and UE power consumption.

Compared with 1.4 MHz RF bandwidth UE, power consumption of UE with larger RF bandwidth may be larger due to the higher baseband processing requirements in some of the components, possibly including ADC/DAC, FFT, buffering and DL/UL processing blocks. However, the reception time may become lower thus possibly reducing the power consumption.

As shown in Table 3, to support larger UE bandwidth, UE cost would be significantly increased due to the increase of UE complexity for FFT/IFFT and other baseband processing block. The cost of UEs with bandwidth larger than 5 MHz would be much higher. If the RF bandwidth is extended to 5 MHz and the maximum TBS is extended to NPRB = 25, the UE peak data rate would be larger than 7 Mbps.
Table 3 Cost saving for different UE bandwidth

	UE RF Bandwidth (MHz)
	1.4
	3
	5

	Cost saving
	~ 40%
	~20%
	~10%


Taking UE complexity and power consumption into consideration, the UE bandwidth should not be larger than 5 MHz. For a tradeoff of higher data rate and UE complexity, the UE bandwidth would be 5 MHz.
Proposal 1: Maximum PDSCH/PUSCH channel bandwidth is 5 MHz.
3.2 Definition of wideband
Narrowband with 6 PRB is defined for Rel-13 MTC. If the PDSCH/PUSCH channel bandwidth is extended to 5 MHz, wideband should be defined for MTC UEs with larger bandwidth. Different wideband definition can be considered.
To support larger UE RF bandwidth, non-overlapped wideband definition can be considered to support larger UE RF bandwidth.
· Alt 1: Wideband definition is based on narrowband. The total bandwidth is not larger than 25 PRBs.
For Alt 1, a wideband is composed of 4 adjacent narrowbands and total bandwidth of wideband is not larger than 25 PRBs. Wideband definitions for 5/10/15/20 MHz system bandwidth are described in Figure 1. Widebands and narrowbands are aligned in Alt 1.
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Figure 1 Non-overlapped wideband definition for 5/10/15/20 MHz system bandwidth - Alt 1
· Alt 2: Wideband is defined according to the PRB index. From PRB index 0, every 25 PRBs are divided as a wideband.
For Alt 2, a wideband is composed of 25 adjacent PRBs. Figure 2 shows an example of non-overlapped wideband definition. 
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Figure 2 Non-overlapped wideband definition for 5/10/15/20 MHz system bandwidth - Alt 2

Besides non-overlapped wideband definition, overlapped wideband definition can be considered in order to increase the scheduling flexibility. For example, if an overlapped frequency region has better channel quality than other regions and this frequency region is allocated to the wideband UE, better performance would be achieved.  
Based on non-overlapped wideband definition, additional overlapped widebands can be defined according to overlapped offset as shown in Figure 3 and Figure 4. 
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Figure 3 Example of additional overlapped wideband definition for Alt 1
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Figure 4 Example of additional overlapped wideband definition for Alt 2
Proposal 2: Non-overlapped wideband definition and additional overlapped wideband definition can be considered for system bandwidth larger than 5 MHz.
3.3 Resource allocation of PDSCH/PUSCH with lager bandwidth
For  5/10/15/20 MHz system bandwidth, if the UE RF bandwidth is 5 MHz, scheduling of different resource  block within 5 MHz should be considered. Resource allocation of PDSCH/PUSCH with lager bandwidth can be determined based on the wideband definition. 
· Alt 1: Wideband index + narrowband index within the wideband + resource allocation within the narrowband

· Alt 2: Wideband index + resource allocation within the wideband

· Alt 2.1:Resource allocation type 0/1 is reused for resource allocation within the wideband

· Alt 2.2: Resource allocation type 2 is reused for resource allocation within the wideband.
Table 4 shows the comparison of resource allocation overhead for different alternatives (Note: Table 4 is based on 5 MHz system bandwidth since the overhead of wideband index depends on the wideband definition for system bandwidth larger than 5 MHz and the overheads of wideband index for different alternatives are the same)
Table 4 Comparison of resource allocation overhead for 5 MHz system bandwidth
	Resource allocation
	Overhead (bits)

	Alt 1
	9

	Alt 2.1
	13

	Alt 2.2
	9


Based on the assumption that one wideband is composed of 4 narrowband, 4-bit bitmap can be used to indicate the narrowband allocation within a wideband. For Alt 1, indication of narrowband allocation within the wideband needs 4 bits while indication of resource allocation within the narrowband needs 5 bits. Overhead of Alt 1 is smaller than Alt 2.1. But for Alt 1, resource allocation in different narrowbands should keep the same. It would cause higher scheduling limitation. Compared with Alt 1, resource allocation of Alt 2 is much more flexible. For Alt 2.1, 13 bits are needed if reusing current legacy RBG definition for 5 MHz system bandwidth. Considering that Rel-13 narrowband definition may not be aligned with RGB in some cases, Alt 2.1 still has the RBG alignment issue. Alt 2.2 has the same overhead as Alt 1. But Alt 2.2 can only support continuous resource allocation and may have scheduling limitation. 
Proposal 3: Resource allocation of PDSCH/PUSCH with lager bandwidth can be indicated by wideband index and resource allocation within the wideband.

3.4 DCI format
New DCI format should be introduced in order to support  resource allocation of PDSCH/PUSCH with larger channel bandwidth.
DCI format 6-0AW/6-1AW can be defined for resource allocation with wideband index and type 2 resource allocation within the wideband. In order to reduce the impact on Rel-13 MTC UEs, wideband transmission and narrowband transmission can be TDM by subframe level. The subframes for wideband transmission can be indicated by RRC signaling.
Proposal 4: New DCI format should be introduced in order to support resource allocation of PDSCH/PUSCH with larger channel bandwidth.

3.5 Frequency hopping
For the UE with larger PDSCH/PUSCH channel bandwidth, frequency hopping also can bring frequency selective gain for repetitions of PDSCH/PUSCH. However, for larger PDSCH/PUSCH channel bandwidth, frequency hopping would cause much higher complexity. For example, when the resource allocation for PDSCH/PUSCH with larger channel bandwidth spans more than one narrowband, to reuse the narrow band frequency hopping pattern, one of the narrowbands may hop out of range of UE RF bandwidth. More complex scheduling algorithm may be needed to support frequency hopping for larger PDSCH/PUSCH channel bandwidth. Scheduling impact caused by frequency hopping needs further study.

Proposal 5: Frequency hopping can be supported for UEs with larger PDSCH/PUSCH channel bandwidth.
· Further study on scheduling impact is needed to support frequency hopping.
3.6 CSI feedback

In Rel-13 eMTC, CSI measurement is performed on the NBs used for M-PDCCH monitoring and wideband CQI is obtained by using all the NBs used for M-PDCCH monitoring. To support larger maximum PDSCH channel bandwidth, current CSI measurement and reporting scheme for Rel-13 eMTC may not enough since CSI information out of the scope of NBs for M-PDCCH monitoring is needed. Enhancements of CSI measurement and reporting based on larger channel bandwidth should be considered. For example, in order to get much more CSI information, CSI measurement based on a measurement gap can be considered. During the measurement gap, CSI can be measured in the predefined wideband for the MTC UEs with larger RF bandwidth.
Proposal 6: To support larger PDSCH channel bandwidth, enhancements of CSI measurement and reporting need further study. 
To support larger PUSCH channel bandwidth,  there has no standard impact on SRS transmission. SRS transmission scheme related to Rel-13 eMTC can be reused.
Proposal 7: SRS transmission scheme for Rel-13 eMTC UEs can be reused for Rel-14 MTC UEs with larger PDSCH/PUSCH channel bandwidth.
3.7 Simultaneous reception/transmission
Considering that MPDCCH would be transmitted in narrowbands and PDSCH would be transmitted in larger channel bandwidth, cross-subframe scheduling is supported for PDSCH transmission. Multiplexing of MPDCCH and un-associated PDSCH with larger channel bandwidth in the same subframe to the same UE can be supported.
For the UE with larger RF channel bandwidth, the UE can simultaneously receive the unicast and broadcast/multicast transmission scheduled in different narrowbands.
For Rel-14 MTC UEs in CE mode A, PUCCH and PUSCH transmission with larger channel bandwidth in the same subframe reuses the same rule as Rel-13 MTC UEs. UCI shall be transmitted on PUCCH if the UE is not transmitting PUSCH in the subframe or if the UE is transmitting PUSCH in the subframe but the number of PUCCH/PUSCH repetitions is larger than 1. UCI shall be piggybacked on PUSCH if the number of PUCCH/PUSCH repetitions is equal to 1 and the PUSCH is not corresponding to RAR Grant.
Proposal 8: Multiplexing of MPDCCH and un-associated PDSCH with larger channel bandwidth in the same subframe to the same UE can be supported.
Proposal 9: For Rel-14 MTC UEs in CE mode A, PUCCH and PUSCH transmission with larger channel bandwidth in the same subframe reuses the same rule as Rel-13 MTC UEs.
4 Conclusions
In this contribution, we have discussed the solutions to support larger maximum TBS and larger PDSCH/PUSCH channel bandwidth. We make the following proposals:
Observation 1: To reuse current TBS table design, maximum TBS can be extended to 1736 bits for NPRB = 6 and 7224 bits for NPRB = 25 for MTC.

Observation 2: According to current CQI table, to achieve the maximum spectral efficiency, maximum TBS can be extended to 2079 bits for NPRB = 6 and 8662  bits for NPRB = 25 if 4-bit ITBS is kept for MTC.
Proposal 1: Maximum PDSCH/PUSCH channel bandwidth is 5M Hz.
Proposal 2: Non-overlapped wideband definition and additional overlapped wideband definition can be considered for system bandwidth larger than 5 MHz.
Proposal 3: Resource allocation of PDSCH/PUSCH with lager bandwidth can be indicated by wideband index and resource allocation within the wideband.
Proposal 4: New DCI format should be introduced in order to support resource allocation of PDSCH/PUSCH with larger channel bandwidth.
Proposal 5: Frequency hopping can be supported for UEs with larger PDSCH/PUSCH channel bandwidth.
· Further study on scheduling impact is needed to support frequency hopping.
Proposal 6: To support larger PDSCH channel bandwidth, enhancements of CSI measurement and reporting need further study. 
Proposal 7: SRS transmission scheme for Rel-13 eMTC UEs can be reused for Rel-14 MTC UEs with larger PDSCH/PUSCH channel bandwidth.

Proposal 8: Multiplexing of MPDCCH and un-associated PDSCH with larger channel bandwidth in the same subframe to the same UE can be supported.

Proposal 9: For Rel-14 MTC UEs in CE mode A, PUCCH and PUSCH transmission with larger channel bandwidth in the same subframe reuses the same rule as Rel-13 MTC UEs.
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