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1
Introduction
In the NB-IoT adhoc, it was agreed that –

· 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
In this contribution, we consider further NB-PDSCH design for NB-IoT.
2

NB-PDSCH
Downlink transmission will use 15 kHz subcarrier spacing for all the operation modes. However, the basic schedulable resource unit has not been decided. In this case, two options are possible:  

· 12 subcarriers and 1ms: This will allow TDM only of NB-PDSCH from different users, and NB-PDSCH with NB-PDCCH. This option is in line with legacy LTE and may be simpler from an implementation and specification perspective.
· 6 subcarriers and 1ms: This will allow FDM of NB-PDSCH from different users, and NB-PDSCH with NB-PDCCH. Furthermore, for small packet sizes, it would be more efficient to define a smaller resource unit. 
With respect to small packet sizes, it is not expected that the eNB will have many messages that are very small. For example, the RAR message is 56 bits while the paging messages can be up to 80 bits. Typical data on the downlink would be TCP/IP ACK or network command. These messages are at least 20 bytes. Therefore, we do not expect meaningful benefit from having a smaller resource unit in this regard.
It is claimed that multiplexing of NB-PDSCH/NB-PDSCH and NB-PDSCH/NB-PDCCH in the frequency domain may reduce latency, especially for exception reporting. However, if the resource unit is halved, the transmission time for the information would be double. In this case, for UEs in extreme coverage, latency may actually increase since the addition transmission time is significantly longer than the wait time. This is shown in Figure 1 where, if 12 subcarriers and TDM are used, although the wait time may be longer, the overall latency can be shorter for UEs. For UEs in good radio conditions, there is no latency issue with exception reporting.
[image: image1.emf]UE1 –NB-PDSCH

UE2 –NB-PDSCH

UE1 –NB-PDSCH UE2 –NB-PDSCH

UE2 –NB-PDCCH

UE2 –

NB-

PDCCH

(a) FDM

Wait Time

Data arrives

(b) TDM


Figure 1. Comparison of FDM and TDM for NB-PDSCH/NB-PDCCH.
In addition, it is claimed that multiplexing of NB-PDSCH and NB-PDCCH may reduce blocking on the NB-PDCCH. However, a similar argument as above also applies here and it is not always true that FDM will lead to lower blocking. In addition, discontinuous transmission has been proposed in [1] to allow for transmission gaps in order reduce NB-PDCCH blocking.
Since FDM solution introduces additional complexity to both UE and network without clear benefits, TDM would be a better choice for multiplexing of data channels. Therefore, it is proposed that the basic resource unit for NB-PDSCH consists of 12 subcarriers and 1 ms.
Proposal 1: One resource unit for NB-PDSCH consists of 12 subcarriers and 1 ms.
If scheduling can be done only per resource unit, only small TBS can be selected. Using the current TBS table, for QPSK modulation, the maximum TBS value is 136 bits. This is quite small considering some typical downlink data packets (e.g. TCP/IP ACK). As a result, NB-PDCCH and segmentation overhead can be quite large. Therefore, it is proposed that multiple resource units can be used for NB-PDSCH. This means that the transport block can be coded and rate-matched according to the number of scheduled resource units. To allow efficient time-domain multiplexing of different resource units, it is proposed that NB-PDSCH can be scheduled in {1, 2, 4, 8} resource units. The transport block will be coded and rate-matched based on the number of REs available within the assigned transmission time interval. The number of resource units is indicated by the DCI for unicast transmission.
Proposal 2: NB-PDSCH can be scheduled in {1, 2, 4, 8} resource units. 
Also note that the max TBS for NB-IoT in DL is no less than 520bits but the final value is still to be decided. However, since the UE is half-duplex and only 1 HARQ process is supported, it would be beneficial to support max TBS of up to 1000 bits. This would allow peak rate to be potentially up to ~70 kbps.
Proposal 3: Support maximum transport block size of 1000 bits. 
Supporting 16-QAM would allow higher throughput by the UE while taking up less downlink resources. The increase in UE complexity is small. For stand-alone deployment, spectral shaping would be required in order to satisfy the GSM spectrum emission mask. In this case, we use a 27-tap FIR Tx filter to keep the PSD within the GSM SEM. The PSD of the filtered NB-IoT signal is shown in Figure 2 where it is seen that the PSD is well within the GSM SEM requirement. Assuming practical MSR base station, even with crest factor reduction the EVM can be kept well below 12.5% which is sufficient to support even 16QAM for NB-IoT based on the requirements defined in TS 36.104. Therefore, it is proposed that 16-QAM is supported for NB-PDSCH.
Proposal 4: Support 16-QAM for NB-PDSCH.
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Figure 2. PSD of NB-IoT signal. 
If the existing MCS table from 36.213 is reused, then Table 1 provides potential TBS values for different TTIs (where the TBS’s have been selected based on the equivalent number of PRBs used). Note that the table contains entries for both QPSK and 16-QAM. From a specification perspective, it would be easier to reuse the existing table.
Table 1. Transport block size table.
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	Resource Unit

	
	1
	2
	4
	8

	0
	16
	32
	88
	208

	1
	24
	56
	144
	256

	2
	32
	72
	176
	328

	3
	40
	104
	208
	440

	4
	56
	120
	256
	552

	5
	72
	144
	328
	680

	6
	328
	176
	392
	808

	7
	104
	224
	472
	968

	8
	120
	256
	536
	1096

	9
	136
	296
	616
	1256

	10
	144
	328
	680
	1384

	11
	176
	376
	776
	1608

	12
	208
	440
	904
	1800

	13
	224
	488
	1000
	2024

	14
	256
	552
	1128
	2280

	15
	280
	600
	1224
	2472


In LTE, only Chase combining is supported for TBCC. However, incremental redundancy (IR) can provide significant coding gain, especially for high initial code rates as shown in [2]

 REF _Ref442270081 \n \h 
 \* MERGEFORMAT [3]. Therefore, it is proposed that IR should be supported for TBCC and redundancy version should be defined. In LTE, the circular buffer of length for TBCC is generated as follows: 
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Rate matching then starts from k=0. To implement a simple incremental redundancy scheme, different redundancy version can have a different staring k depending on E, the the rate matching output sequence length. For example, the starting points can be k=0,E,2E,3E mod 3
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for RV 0,1,2,3.
Proposal 5: Support incremental redundancy and redundancy version with TBCC.

Finally, it has been agreed that, in FDD mode, NB-PBCH is transmitted in subframe 0 in every radio frame. Furthermore, the NB-PSS uses the last 11 OFDM symbols of subframes in which NB-PSS occurs for normal CP and occupies either 11 or 12 subcarriers. The NB-PSS/NB-SSS is also likely to occupy subframe 5. Therefore, in in-band FDD operation, the PRB containing NB-PBCH and NB-PSS/NB-SSS cannot be in the center 6 PRBs as they will collide with legacy LTE signals.
Proposal 6: In in-band FDD operation, the PRB containing NB-PBCH and NB-PSS/NB-SSS cannot be in the center 6 PRBs.

3
Conclusion
In this contribution, we consider NB-PDSCH design for NB-IoT. Based on our analysis, we make the following proposals –

Proposal 1: One resource unit for NB-PDSCH consists of 12 subcarriers and 1 ms.
Proposal 2: NB-PDSCH can be scheduled in {1, 2, 4, 8} resource units. 
Proposal 3: Support maximum transport block size of 1000 bits.

Proposal 4: Support 16-QAM for NB-PDSCH.

Proposal 5: Support incremental redundancy and redundancy version with TBCC.
Proposal 6: In in-band FDD operation, the PRB containing NB-PBCH and NB-PSS/NB-SSS cannot be in the center 6 PRBs.  
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