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1. Introduction

In RAN#69 meeting, narrow band Internet of Things (NB-IoT) has been approved as a new work item [1], and following agreements are made in RAN1#84 meeting [2]. 
	RAN1#84 agreements:
· Error detection through 24-bit Cyclic Redundancy Check (CRC) for NB-PDSCH follows Section 5.3.2.1 in TS 36.212

· Note that it does not have impact on the discussion of potential support of data over physical control channel

· Clarify that the Tail biting convolutional encoding  agreed for NB-PDSCH is according to section 5.1.3.1 in TS 36.212

· 16QAM is not supported for NB-PDSCH

· The maximum TBS for NB-PDSCH is 680 bits

· Redundancy versions (RVs) for NB-PDSCH are not supported

· Note that the number(s) of subframes that a TB can be mapped onto for NB-PDSCH is FFS

· Sub-PRB allocations of the NB-PDSCH are not supported

· In in-band FDD operation, NB-PBCH and NB-PSS/NB-SSS is not located in a RB that contains LTE PBCH/PSS/SSS.

· NB-PDSCH for paging is always scheduled by a control channel

· Multiple NB-IoT carriers

· The UE in RRC_IDLE camps on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions

· The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a PRB, for all unicast transmissions (not intended to excluding SC-PTM, if supported), different than the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions

· If the different PRB is not configured for the UE, all transmissions occur on the NB-IoT carrier on which the UE has received NB-PSS/SSS, NB-PBCH and SIB transmissions
· The UE is not expected to receive NB-PBCH, and NB-PSS/SSS and any transmissions other than unicast transmissions in the configured PRB 


This contribution discusses details on NB-PDSCH for NB-IoT. Especially, downlink TBS table and repetition method is discussed in the contribution.
2. Discussions
2.1. TBS table and signalling for resource allocation

TBS considering TBCC is considered for NB-PDSCH. Legacy downlink PDSCH TBS is calculated based on the coding rate from CQI table in [3]. For NB-IoT, QPSK is used only for downlink, therefore coding rate in consideration is MCS index from 1 to 6, correspond to TBS index 2 to 9.
Each entry of the TBS table for the legacy LTE does not represent the coding rate in [3] well, due to the QPP interleaver size in [4] for turbo code, especially for the low TBS index. For example, 
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=1 in legacy LTE correspond to the TBS size of 16, and considering 24 CRC bits, its coding rate is 0.167, which is 42% larger than the target coding rate 0.117, correspond to the CQI index 2. In this case appropriate TBS for the target coding rate is 4 bits with coding rate 0.117. Since NB-PDSCH uses TBCC instead of turbo code, this interleaver size does not have to be considered for the TBS, and TBS computed accordingly for the target coding rate can be adopted for the NB-PDSCH TBS. Example of NB-IoT TBS table is shown below. TBS entries over 680 bits are represented with red letters.
Table 1. TBS table for TBCC, NB-IoT downlink
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	1
	2
	3
	4
	5
	6
	7
	8

	0
	4
	32
	60
	89
	117
	145
	173
	201

	1
	13
	49
	86
	123
	159
	196
	233
	269

	2
	21
	66
	112
	157
	202
	247
	293
	338

	3
	35
	93
	152
	211
	270
	328
	387
	446

	4
	48
	120
	193
	265
	337
	409
	481
	554

	5
	65
	153
	242
	331
	420
	508
	597
	686

	6
	81
	186
	292
	397
	502
	607
	713
	818

	7
	99
	222
	345
	469
	592
	715
	838
	961

	8
	117
	258
	399
	540
	681
	823
	964
	1105

	9
	135
	294
	453
	613
	772
	931
	1090
	1249


In the above table, 
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 does not hold the conventional meaning which is the PRB number allocated for the UE since PRB number for the NB-IoT UEs are 1. Instead, this index is used for the indication of TTI extension, which is considered for the NB-IoT to compensate the restricted frequency resource, and is expected to be used for the NB-IoT TBS table as well. Legacy TBS table is given for comparison below. In table 7.1.7.2.1-1, TBS entries having more than 10 % deviation to above TBCC TBS table in terms of coding rate are highlighted with shade. This relatively large deviation of the coding rate may give negative impact on system performance. 
Table 7.1.7.2.1-1: Transport block size table (dimension 27×110) (partial)
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	1
	2
	3
	4
	5
	6
	7
	8

	0
	16
	32
	56
	88
	120
	152
	176
	208

	1
	24
	56
	88
	144
	176
	208
	224
	256

	2
	32
	72
	144
	176
	208
	256
	296
	328

	3
	40
	104
	176
	208
	256
	328
	392
	440

	4
	56
	120
	208
	256
	328
	408
	488
	552

	5
	72
	144
	224
	328
	424
	504
	600
	680

	6
	328
	176
	256
	392
	504
	600
	712
	808

	7
	104
	224
	328
	472
	584
	712
	840
	968

	8
	120
	256
	392
	536
	680
	808
	968
	1096

	9
	136
	296
	456
	616
	776
	936
	1096
	1256


Proposal 1 : TBS table for TBCC is considered for NB-PDSCH
2.2. Repetition for NB-PDSCH
UEs in coverage enhance mode may uses repetition for robust transmission. As agreed, one TB can be scheduled over more than 1 subframe. In terms of mapping data in one repetition, there could be a few approaches. 
· Option 1: First map one TB over multiple subframes, and then perform repetition
A simple repetition method, which is depicted in Figure 1, can be considered for NB-IoT repetition. In Figure 1, subframes with same color represent an extended TTI where one TB is mapped first, and is repeated, depicted as TTIs with different colors. For example, if one TB is mapped to four subframes, first four subframes carrying one TB is transmitted, and then multiple repetitions of 4 subframes follow. In other words, one repetition unit can consists of multiple subframes containing a TB depending on scheduling.
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Figure 1. First map one TB over multiple subframes, and then perform repetition
· Option 2: subframe-level repetition for I/Q combining
In eMTC, without TTI extension, Option 1 is used. However, to allow I/Q combining, scrambling, RV cycling, etc. are repeated over 4 consecutive subframes. In NB-IoT, in consideration of TTI extension, some changes to allow mapping of symbols to be combined close each other would be necessary for I/Q combining benefits, in case a UE is scheduled with a TB over multiple subframes. Therefore, subframe-level repetition, as depicted in figure 2, can be introduced for the I/Q combining. For option 2, partial TB in each subframe can be repeated for given repetition number, e.g., 4 times in figure 2, and the next partial TB can be repeated over the next subframes, and so on. 
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Figure 2. subframe-level repetition for I/Q combining.
However, this approach may not effectively support early termination at the UE side as it needs to receive all partial TBs across the large number of subframes. Particularly, if the repetition number is large, for example, for paging transmission, this would be very inefficient for UEs in relatively good coverage levels. 
· Option 3 : subframe-level repetition with repetition period
For option 3, repetition period to allow I/Q combining denoted as N is defined as figure 3, in addition to option 2 repetition scheme. A partial TB can be repeated over N subframes first (rather than repetition number), and the next partial TB will be repeated over the next N subframes, and so on. Thus, a UE is able to receive at least N repetition of one TB within N * M subframes where M is the number of subframes scheduled for one TB. Similar performance gain is expected as option 2, and in this option, UEs may try early decoding after N * M subframes, e.g., 8 subframes in figure 3, and may save reception time and battery power compared to option 2. 
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Figure 3. subframe-level repetition with repetition period.
On discussed points on TTI extension above, we prefer option 3 for repetition for NB-PDSCH.
Proposal 2: Consider subframe-level repetition scheme with repetition period for I/Q combining.

3. Conclusion
This contribution discusses some aspects related on downlink design for NB-IoT. The following captures our proposals. 
Proposal 1 : TBS table for TBCC is considered for NB-PDSCH
Proposal 2: Consider subframe-level repetition scheme with repetition period for I/Q combining.
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