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The following was agreed in RAN1#83 (see [1]):
· TBCC as in LTE is used for NB-IoT in all downlink channels
· The max TBS size for NB-IoT in DL is no less than 520bits
· NB-IoT supports a physical downlink shared channel, NB-PDSCH
And at RAN#70, the NB-IoT WID was revised (see [2]) based on the agreed WF from RAN1#83 (see [3]) to state:
· Downlink transmission with 15 kHz subcarrier spacing for all the modes of operation (with normal or extended CP).
And at RAN1 NB-IoT Ad-Hoc, it was agreed that (see [4]):
· For PDSCH: 
· Resource mapping: frequency first, then time.
· QPSK baseline, 16-QAM FFS
· Single process HARQ for PDSCH is realized by adaptive and asynchronous timing transmission
· Channel coding: TBCC
· FFS: RV for NB-PDSCH is supported
This document provides some further design considerations for NB-PDSCH.
Downlink frame structure
Since 15 kHz subcarrier spacing is used for all operation modes, in this document it is assumed that the NB-IoT downlink frame structure, time units (OFDM symbol duration, slot duration and subframe duration etc) are all reused from LTE.
Proposal 1: The NB-IoT downlink symbol duration, slot duration, and subframe duration are re-used from LTE.
Rate matching
One of the remaining issues for NB-PDSCH is whether RV should be supported. It is proposed to not support RV for NB-PDSCH, for the following reasons:
· NB-IoT UEs are very likely to use low code rates in both the uplink and the downlink in order to support coverage extension, but RV cannot provide clear coding gains for low code rates (e.g. <=1/3). 
· Since it was agreed in the RAN1 NB-IoT Ad-Hoc meeting that “single process HARQ for PDSCH is realized by adaptive and asynchronous timing transmission”, see [4], the benefits of RV (if any) can already be achieved by adaptive transmissions.
· If RV is introduced, the rate matching for TBCC for LTE will have to be changed specifically for NB-IoT, significantly reducing the synergy with LTE.  This may add to the difficulty in supporting NB-IoT in some legacy LTE base stations.
Proposal 2: The rate matching for TBCC in LTE is fully reused for NB-IoT in all downlink channels.
Scrambling
Scrambling for NB-PDSCH can reuse that in eMTC.
Proposal 3: The scrambling method for PDSCH in eMTC is reused for NB-PDSCH.
Modulation
QPSK has been fully evaluated for coverage, capacity, latency and energy consumption, link level coexistence etc (see [5]) and has been shown to fulfill the performance targets set in [6], while 16QAM has never been assumed for NB-IoT downlink in the RAN1 evaluations (it was only assumed for LTE downlink when evaluating the link level coexistence of NB-IoT and LTE, see [5]). Furthermore, 16QAM may impose high EVM requirements for ultra-low cost UEs. It is thus proposed to leave 16QAM for further study in future releases.
Proposal 4: 16QAM is not supported for NB-PDSCH in Rel-13.
Resource mapping
For standalone and guard-band operations, all downlink resource elements not occupied by other NB-IoT downlink physical channels and signals (i.e. NB-PSS, NB-SSS, NB-PBCH, NB-PDCCH, NB-RS) can be allocated to NB-PDSCH.
In in-band operation, the NB-IoT UE can assume that NB-PDSCH is not allocated to the LTE control region, and is rate-matched around LTE CRS. The CFI for NB-IoT is proposed to be fixed to 3, see [7] for more details. 
MCS and TBS
The max TBS is not expected to be greater than that in eMTC (i.e. 1000 bits). A sensible option is to allow transmission of the data for an exception report as defined in TR 45.820 without fragmentation at physical layer on both the uplink and the downlink. This means 65*8+15*8=520+120=640 bits for the downlink application ACK. The max TBS for NB-PDSCH does not need to be significantly higher than 640 bits.
Since QPSK and TBCC are both reused from LTE, the MCS table for NB-PDSCH can also reuse a subset of that in LTE, specifically the first ten rows of Table 7.1.7.1-1 of TS 36.213 [8]. Moreover, considering the measurement in NB-IoT is less accurate than that in LTE, the MCS table for NB-IoT can be further refined by only reusing the even MCS indices for QPSK modulation for LTE PDSCH. The MCS index can be comprised of 3 bits to indicate 5 MCS levels, leaving 3 more levels for future extension. Accordingly, the even TBS indices for QPSK modulation for LTE PDSCH are also reused, as shown in Table 1.
[bookmark: _Ref441849884]Table 1: Modulation and TBS index table for NB-PDSCH
	
MCS Index

	
Modulation Order

	
TBS Index


	0 (01)
	2
	0 (02)

	1 (21)
	2
	1 (22)

	2 (41)
	2
	2 (42)

	3 (61)
	2
	3 (62)

	4 (81)
	2
	4 (82)


Note 1: IMCS in Table 7.1.7.1-1 of TS 36.213.
Note 2: ITBS in Table 7.1.7.1-1 of TS 36.213.
Proposal 5: NB-PDSCH reuses MCS indices 0, 2, 4, 6, and 8 from LTE PDSCH.
[bookmark: _Ref129681832]NB-PDSCH can also reuse the minimum scheduling unit of one PRB in LTE. Since only one PRB is available for NB-PDSCH transmission in frequency domain, the NB-PDSCH transmission with large TBS or low code rate has to spread across multiple subframes. Otherwise, the transport block needs to be segmented into lots of pieces at higher layers, which increases the overhead significantly. 
Proposal 6: The resource unit for NB-PDSCH is 12 subcarriers by 1 subframe.
Proposal 7: Transmission of one transport block over multiple subframes is supported for NB-PDSCH.
Table 7.1.7.2.1-1 of TS 36.213 with ITBS=0, 2, 4, 6 and 8 are reused as the baseline of the TBS table for NB-PDSCH with ‘NPRB’ being replaced by ‘Nsubframe’, as shown in Table 2, below. This also implies that the max TBS for NB-PDSCH is 648 bits.
[bookmark: _Ref441742633]Table 2: Proposed TBS table for NB-PDSCH
	

	Nsubframe

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0 (01)
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1 (21)
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	2 (41)
	56
	120
	208
	256
	328
	408
	488
	552
	632
	-

	3 (61)
	88
	176
	256
	392
	504
	600
	-
	-
	-
	-

	4 (81)
	120
	256
	392
	536
	-
	-
	-
	-
	-
	-

	

	Nsubframe

	
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	0 (01)
	288
	328
	344
	376
	392
	424
	456
	488
	504
	536

	1 (21)
	472
	520
	568
	616
	648
	-
	-
	-
	-
	-

	

	 Nsubframe

	
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	0 (01)
	568
	600
	616
	648
	-
	-
	-
	-
	-
	-


Note 1: ITBS in Table 7.1.7.2.1-1 of TS 36.213.
Proposal 8: NB-PDSCH reuses TBS indices 0, 2, 4, 6, and 8 from LTE PDSCH.
Repetitions
Repetitions are proposed to be applied at TTI level. The proposed options for the number of repetitions for NB-PDSCH are {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}.
Proposal 9: The number of repetitions for a NB-PDSCH transmission is selected from {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}.
Discontinuous transmission
To prevent the downlink PRB from being blocked during a long NB-PDSCH transmission for a UE in extreme coverage areas, a NB-PDSCH transmission can be split over multiple blocks with a configurable period. There are two alternatives to define the time units.
One way is to use relative time units. Each block consists of multiple repetitions. The number of repetitions in each block and the period are indicated in DCI. An example is shown in Figure 1. The illustrated NB-PDSCH transmission consists of a total of 8 repetitions, with two repetitions in each block and a period of 8 times the duration of one repetition.


[bookmark: _Ref441758957]Figure 1 Discontinuous transmission of NB-PDSCH with relative time units
The other way is to use absolute time units. The basic unit for Tperiod and Tblock can be frame and subframe, respectively. An example is shown in Figure 2. The illustrated NB-PDSCH transmission consists of 3 repetitions, with 20 subframes in each repetition. The duration of a block is set to 30 subframes, which includes one and a half repetitions. The period of the block is 10 frames.


[bookmark: _Ref441822914]Figure 2 Discontinuous transmission of NB-PDSCH with absolute time units
The discontinuous transmission with relative time unit is more complicated for scheduling, as the duration of a single repetition is different for different NB-PDSCH transmissions. In other words, results in more serious fragmentation problem for resource allocation. Consequently, discontinuous transmission with absolute time unit is preferred.
For the configuration for NB-PDSCH discontinuous transmission, there can be 8 and 32 options for Tperiod and Tblock, respectively. The 8 options for Tperiod vary from 1 frame to 8 frames. The 32 options for Tblock vary from 2 subframes to 64 subframes by the step of 2 subframes. Overall 8 bits are required for indication of the configuration. The configuration of NB-PDSCH discontinuous transmission can be indicated to UE by higher layer signaling.
Proposal 10: Discontinuous transmission is supported for NB-PDSCH.
Proposal 11: The configuration of NB-PDSCH discontinuous transmission can be indicated to the UE by higher layer signaling.
Conclusions
In this contribution, a design for NB-PDSCH is described. The key design principles are summarized through the following proposals:
Proposal 1: The NB-IoT downlink symbol duration, slot duration, and subframe duration are re-used from LTE.
Proposal 2: The rate matching for TBCC in LTE is fully reused for NB-IoT in all downlink channels.
Proposal 3: The scrambling method for PDSCH in eMTC is reused for NB-PDSCH.
Proposal 4: 16QAM is not supported for NB-PDSCH in Rel-13.
Proposal 5: NB-PDSCH reuses MCS indices 0, 2, 4, 6, and 8 from LTE PDSCH.
Proposal 6: The resource unit for NB-PDSCH is 12 subcarriers by 1 subframe.
Proposal 7: Transmission of one transport block over multiple subframes is supported for NB-PDSCH.
Proposal 8: NB-PDSCH reuses TBS indices 0, 2, 4, 6, and 8 from LTE PDSCH.
Proposal 9: The number of repetitions for a NB-PDSCH transmission is selected from {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}.
Proposal 10: Discontinuous transmission is supported for NB-PDSCH.
Proposal 11: The configuration of NB-PDSCH discontinuous transmission can be indicated to the UE by higher layer signaling.
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