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In RANP#72, Further Enhanced MTC for LTE WI was approved [1] that included a task to support the higher data rate than 1Mbps for voice capable wearable devices and health monitoring devices. In this contribution, we discuss the DCI design and scheduling method for higher data rates. 
· In the RAN1 meeting the following was agreed [2][3]: 
	RAN1#86
Agreement:
· The wider bandwidth operation is enabled by eNB.
· Wider bandwidth PDSCH/PUSCH is cross subframe scheduled by MPDCCH.
· MPDCCH follows Rel-13 design, which implies that it can be decoded by a UE operating in narrowband operation (6RB).
· If a new grant is introduced for wideband PDSCH/PUSCH, the number of blind decodings of MPDCCH does not increase with respect to Rel-13 eMTC.

Agreement:
· For Rel-14 BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is 5 MHz.
· For Rel-14 non-BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is (FFS: 5 or 20) MHz.

RAN1#86bis
Agreement:
· FeMTC UEs use Rel-13 DCI formats for MPDCCH Type-0/1/2 CSS transmissions.

Agreement:
· Supported modulation schemes for Rel-14 BL/CE UEs:
· PDSCH: QPSK, 16QAM
· PUSCH: QPSK, 16QAM
Agreement:
· Max TBS for 5-MHz Rel-14 BL/CE UEs:
· PDSCH: 4008 bits
· PUSCH: 4008 bits

Agreement:
· The following FeMTC features:
1. HARQ-ACK bundling
2. Larger maximum TBS for 1.4MHz operation
3. Larger maximum TBS for 5MHz operation
4. Support of larger bandwidth
5. 10 HARQ processes for downlink
are enabled as follows:
· The UE reports capability to support a given feature
· FFS: The eNB enables the larger bandwidth and larger TBS by RRC reconfiguration
· The eNB enables the other features by RRC reconfiguration
· FFS: dependency between different features
E.g. a UE that supports 5MHz operation shall support larger maximum TBS.

Agreement:
· The larger maximum UE channel BW for PDSCH is supported for both CE mode A and CE mode B.
· The larger maximum UE channel BW for PUSCH is not supported for CE mode B.
· For the 5-MHz BL UE,
· The maximum reception bandwidth is 25 PRBs.
· The maximum allocatable PDSCH channel bandwidth is [FFS between 24 or 25] PRBs.
· The maximum transmission bandwidth is 25 PRBs.
· The maximum allocatable PUSCH channel bandwidth is [FFS between 24 or 25] PRBs.



DCI format for higher data rate
Many agreements related to the DCI are made; however, the DCI aspects related to the format, configuration, RB assignment and detail design of MCS/TBS table are yet to be decided. In this paper we present our views regarding the above remaining DCI features. 
Configuration of larger maximum TBS size and larger maximum bandwidth
In the previous meeting, we discussed if larger maximum TBS size and larger maximum bandwidth should be configured by RRC reconfiguration. When UE receive RRC reconfiguration, UE receives only the specific DCI format. Therefore, the number of MPDCCH blind decodings will not increase even if a new DCI format is introduced for FeMTC UE. In [4], in order to differentiate the legacy DCI from the Rel-14 DCI a different scrambling sequence is proposed. However, changing the scrambling sequence would change the search space which depends on the RNTI. To avoid such a change, the larger maximum TBS size and larger maximum bandwidth should be configured by RRC reconfiguration.
Proposal 1: Larger maximum TBS size and larger maximum bandwidth should be configured by RRC reconfiguration.

MCS/TBS table for larger maximum TBS/bandwidth
RAN1 agreed to support a larger maximum TBS of 4008 bits and 16QAM modulation. RAN1 did not agree to support 64 QAM in order to avoid higher receiver complexity. In order to represent a larger number of ITBS values in the TBS table (shown in Appendix below) we propose to increase the number of bits from 4 to 5 for the MCS field in DCI format 6-0A6-1A/6-0B/6-1B. The bit-size increase of the MCS field allows the eNB to perform scheduling assignments for the larger number of ITBS that are supported for the wider bandwidth. 
Proposal 2: The MCS index field in DCI Format 6-0A/6-1A/6-0B/6-1B should be increased by 1 bit to 5 bits for larger maximum TBS. 

Granularity of RB assignments
CE mode A
Several companies have shared their proposals to manage the RB mapping to indicate by DCI [4][5][6][7][8][9]. Considering the reuse of the legacy DCI or defining a new DCI, we should decide how the granularity of RB assignments should be represented in the DCI since a larger maximum bandwidth will be supported in Rel-14. Based on the listed contributions we’ve categorized the granularity proposals into two main categories, namely, NB-based and RB-based. 
· 
NB-based 
NB-based resource assignment stands for allocating resource in units of 6PRB assignments [4] such as {6, 12, 18, 24} PRBs. Therefore, flexibility of RB assignment would be limited. On the other hand, the   resource assignment in the DCI format 6-0A and 6-1A has a variable field size (+5 bits.) which already depends upon the system bandwidth used. Hence, if RAN1 agrees to support the NB-based resource assignment, then it is reasonable to reuse the Rel-13 DCI format for CE mode A since there are enough bits for NB-based resource assignments. 
· RB-based
Unlike NB-based the RB-based resource assignment granularity has the advantage of being more flexible. The RB-based resource assignment allows scheduling by multiplexing with the non-MTC UEs and Rel-13 eMTC UE in the same NB. We’ve listed the pros and cons of some of the RB assignment methods discussed in various contributions [5][6][7][8][9] in the table 2 below. Several of the methods require an increase in the size of the fields to provide more flexibility in the resource mapping. This forces us to introduce a new DCI format in Rel-14. 
Table 2 Feature of each RB-based method
	RB-based method
	Pros
	Cons

	NB index + common PRB mapping within NBs
	· Multiplexing with non-MTC and Rel-13 eMTC UE within same NB
	· More bits
· Need more standardization  effort for UL

	NB location + contiguous PRB mapping
	· Multiplexing with non-MTC and Rel-13 eMTC UE within same NB
· No more bits (only for BL/CE UE)
	· Non multiplexing with Rel-14 BL/CE FeMTC UE within same NB

	NB location + contiguous NB + PRB mapping
	· Multiplexing with non-MTC and Rel-13 eMTC UE within same NB
	· More bits
· Non multiplexing with Rel-14 BL/CE FeMTC UE within same NB

	Increase the RBG size
(Not type 2 for PDSCH)
	· Multiplexing with all category of UEs within same NB
	· More bits

	New table of combination of NBs and PRB
	(Possible)
· Multiplexing with non-MTC and Rel-13 eMTC UE within same NB
· No more bits 
	


 In the “NB location + contiguous PRB mapping” and “NB location + contiguous NB + PRB mapping” methods the eNB cannot multiplex Rel-14 FeMTC UEs in the same NB since the start of RB assignment always allocated in the lowest RB within the NB. It would require an additional bit for reversing the start location of NBs and then the Rel-14 FeMTC UEs would be multiplex within the same NBs as shown in the figure 2. 
After reviewing various methods and the related pros/cons of each method we prefer Rel-14 should support RB-based resource assignment. The RB-base resource assignment provides better scheduling flexibility in multiplexing MTC and non-MTC Rel-13 UEs

Proposal 3: RB-based resource assignment should be supported for Rel-14 UE in CE mode A.



Figure 1 RB-based resource allocation method in 5MHz system bandwidth


Figure 2 1-bit for reversing start location of NB 

CE mode B
In the previous meeting as agreed and similar to CE mode A, a larger maximum PDSCH for CE mode B will be supported in Rel-14. Therefore, we support the NB-based resource assignment or NB-based resource assignment + common PRB assignment within NBs for CE mode B as well. In addition, we should define a new DCI format because there are not enough bits to indicate the multiple NBs in legacy DCI format 6-1B.
Proposal 4: New DCI format should be introduced for Rel-14 UE in CE mode B.

Proposal 5: NB-based resource assignment or NB-based resource assignment + common PRB assignment within NBs should be supported for Rel-14 UE in CE mode B.

Same subframe scheduling
According to the meeting agreements, cross subframe scheduling by MPDCCH was agreed for wider bandwidth PDSCH/PUSCH. In the Rel-13 eMTC, cross-subframe scheduling is applied because the number of RBs within NBs is quite limited which does not allow same-subframe scheduling. However, if UE can receive more than 6RBs due to support for wider channel bandwidth then there are enough resources to transmit MPDCCH and PDSCH in the same subframe. Furthermore, in Rel-13 “n+2” subframe delay between the MPDCCH and PDSCH was supported to allow the decoding of the scheduling assignment without having to buffer the received signal, thereby enabling lower device complexity. However, this does not need to be the case in Rel-14 because the FeMTC UEs will be much more capable such as higher processing-power. Therefore, the same-subframe scheduling should be supported in Rel-14 since it is more efficient as it decreases the latency, especially in the low repetition cases (CE mode A with Nrep={1, 2,4,…,32}). If the same subframe scheduling is applied for the last subframes of the MPDCCH repetitions then there is no need for buffering of the PDSCH data. There is a possibility some devices will be able to successfully decode the MPDCCH early such that they can start decoding the associated PDSCH early as well. As shown in the Figure 3, the overlapping of K subframes between the MPDCCH and PDSCH repetition subframes should be allowed where the value of K is configurable by the eNB. It is given the total bandwidth including the gap between the MPDCCH and PDSCH in the same subframe has to be less than UE capability such as 5MHz. 
Proposal 6: Rel-14 BL UE should be considered to support same subframe scheduling. 


Figure 3: Overview of same subframe scheduling for FeMTC

Conclusions
In this contribution, we provided our views on DCI design and scheduling method. We have following proposals:
Proposal 1: Larger maximum TBS size and larger maximum bandwidth should be configured by RRC reconfiguration.

Proposal 2: The MCS index field in DCI Format 6-0A/6-1A/6-0B/6-1B should be increased by 1 bit to 5 bits for larger maximum TBS. 

Proposal 3: RB-based resource assignment should be supported for Rel-14 UE in CE mode A.

Proposal 4: New DCI format should be introduced for Rel-14 UE in CE mode B.

Proposal 5: NB-based resource assignment or NB-based resource assignment + common PRB assignment within NBs should be supported for Rel-14 UE in CE mode B.

Proposal 6: Rel-14 BL UE should be considered to support same subframe scheduling. 
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Appendix
Colored parts are candidate of TBS for 5MHz. 
Table 7.1.7.2.1-1: Transport block size table [10]
	

	


	
	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

	15
	280
	600
	904
	1224
	1544
	1800
	2152
	2472
	2728
	3112

	16
	328
	632
	968
	1288
	1608
	1928
	2280
	2600
	2984
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2536
	2856
	3240
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	2792
	3112
	3624
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	2984
	3496
	3880
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3240
	3752
	4136
	4584

	21
	488
	1000
	1480
	1992
	2472
	2984
	3496
	4008
	4584
	4968

	22
	520
	1064
	1608
	2152
	2664
	3240
	3752
	4264
	4776
	5352

	23
	552
	1128
	1736
	2280
	2856
	3496
	4008
	4584
	5160
	5736

	24
	584
	1192
	1800
	2408
	2984
	3624
	4264
	4968
	5544
	5992

	25
	616
	1256
	1864
	2536
	3112
	3752
	4392
	5160
	5736
	6200

	26
	712
	1480
	2216
	2984
	3752
	4392
	5160
	5992
	6712
	7480

	

	


	
	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

	15
	3368
	3624
	4008
	4264
	4584
	4968
	5160
	5544
	5736
	6200

	16
	3624
	3880
	4264
	4584
	4968
	5160
	5544
	5992
	6200
	6456

	17
	4008
	4392
	4776
	5160
	5352
	5736
	6200
	6456
	6712
	7224

	18
	4392
	4776
	5160
	5544
	5992
	6200
	6712
	7224
	7480
	7992

	19
	4776
	5160
	5544
	5992
	6456
	6968
	7224
	7736
	8248
	8504

	20
	5160
	5544
	5992
	6456
	6968
	7480
	7992
	8248
	8760
	9144

	21
	5544
	5992
	6456
	6968
	7480
	7992
	8504
	9144
	9528
	9912

	22
	5992
	6456
	6968
	7480
	7992
	8504
	9144
	9528
	10296
	10680

	23
	6200
	6968
	7480
	7992
	8504
	9144
	9912
	10296
	11064
	11448

	24
	6712
	7224
	7992
	8504
	9144
	9912
	10296
	11064
	11448
	12216

	25
	6968
	7480
	8248
	8760
	9528
	10296
	10680
	11448
	12216
	12576

	26
	8248
	8760
	9528
	10296
	11064
	11832
	12576
	13536
	14112
	14688

	

	


	
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	0
	568
	600
	616
	648
	680
	712
	744
	776
	776
	808

	1
	744
	776
	808
	872
	904
	936
	968
	1000
	1032
	1064

	2
	936
	968
	1000
	1064
	1096
	1160
	1192
	1256
	1288
	1320

	3
	1224
	1256
	1320
	1384
	1416
	1480
	1544
	1608
	1672
	1736

	4
	1480
	1544
	1608
	1736
	1800
	1864
	1928
	1992
	2088
	2152

	5
	1864
	1928
	2024
	2088
	2216
	2280
	2344
	2472
	2536
	2664

	6
	2216
	2280
	2408
	2472
	2600
	2728
	2792
	2984
	2984
	3112

	7
	2536
	2664
	2792
	2984
	3112
	3240
	3368
	3368
	3496
	3624

	8
	2984
	3112
	3240
	3368
	3496
	3624
	3752
	3880
	4008
	4264

	9
	3368
	3496
	3624
	3752
	4008
	4136
	4264
	4392
	4584
	4776

	10
	3752
	3880
	4008
	4264
	4392
	4584
	4776
	4968
	5160
	5352

	11
	4264
	4392
	4584
	4776
	4968
	5352
	5544
	5736
	5992
	5992

	12
	4776
	4968
	5352
	5544
	5736
	5992
	6200
	6456
	6712
	6712

	13
	5352
	5736
	5992
	6200
	6456
	6712
	6968
	7224
	7480
	7736

	14
	5992
	6200
	6456
	6968
	7224
	7480
	7736
	7992
	8248
	8504

	15
	6456
	6712
	6968
	7224
	7736
	7992
	8248
	8504
	8760
	9144

	16
	6712
	7224
	7480
	7736
	7992
	8504
	8760
	9144
	9528
	9912

	17
	7480
	7992
	8248
	8760
	9144
	9528
	9912
	10296
	10296
	10680

	18
	8248
	8760
	9144
	9528
	9912
	10296
	10680
	11064
	11448
	11832

	19
	9144
	9528
	9912
	10296
	10680
	11064
	11448
	12216
	12576
	12960

	20
	9912
	10296
	10680
	11064
	11448
	12216
	12576
	12960
	13536
	14112

	21
	10680
	11064
	11448
	12216
	12576
	12960
	13536
	14112
	14688
	15264

	22
	11448
	11832
	12576
	12960
	13536
	14112
	14688
	15264
	15840
	16416

	23
	12216
	12576
	12960
	13536
	14112
	14688
	15264
	15840
	16416
	16992

	24
	12960
	13536
	14112
	14688
	15264
	15840
	16416
	16992
	17568
	18336

	25
	13536
	14112
	14688
	15264
	15840
	16416
	16992
	17568
	18336
	19080

	26
	15264
	16416
	16992
	17568
	18336
	19080
	19848
	20616
	21384
	22152
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