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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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).
This document proposes a design for NB-PDSCH which is used to carry downlink unicast data, some control information, and broadcast system information (SIBs). 
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.
Modulation and coding
QPSK modulation is used as a baseline. Support for 16QAM can be left for further study.
The tail biting convolutional coding (TBCC) from LTE as described in sub-clause 5.1.3.1 of TS 36.212 [4] is reused.
The LTE rate matching as described in sub-clause 5.1.4.2 of TS 36.212 [4] is reused. Support for RV can be considered if gains are shown. It should also be noted that, unlike in the uplink where the RV in LTE can be reused, there is currently no support for RV in the existing TBCC in LTE. Hence the amount of specification work for RV should also be taken into account.
Proposal 2: QPSK modulation is used as a baseline for NB-PDSCH.
Proposal 3: The rate matching for TBCC as in LTE is used for NB-PDSCH.
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. See [6] for the design of NB-PSS/NB-SSS, [7] for the design of NB-PBCH, [8][9] for the design of NB-PDCCH, and [10] for the design of NB-RS.
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. On the duration of the LTE control region, NB-IoT can re-use an eMTC agreement (applicable there to SIB1bis, but more generally here) of a fixed value equal to the maximum LTE CFI value for the given system configuration (TDD/FDD, system bandwidth). The exact detail of this refers to Table 6.7-1 of TS 36.211.
The mapping is done in frequency domain first, and then in time domain.
Data transmission and retransmission
As agreed in RAN2#91bis, “1 HARQ process for dedicated transmissions (1 for UL and 1 for DL)” is supported [5]. RAN1 should design according to this agreement.
Further, since the time interval between initial transmission and retransmissions varies at least between coverage classes, asynchronous HARQ should be supported.
Proposal 4: Asynchronous single HARQ process is supported for NB-IoT downlink data transmissions.
Due to the limitation of at most 12-subcarrier (i.e., up to a single PRB) transmission, the downlink TTI for NB-IoT is expected to be much greater than in LTE. TTI bundling can be used to support the required max TBS size.
Proposal 5: TTI bundling is supported on NB-PDSCH.
Multiplexing of user data and/or control signaling
In extreme coverage areas, NB-PDSCH transmissions may last for hundreds of milliseconds or even longer. As shown in Table 1, most of the results show that the transmission of 65*8=520 bits over SNDCP takes >1 second, even without considering the subframes occupied by synchronization and broadcast channels/signals (i.e. NB-PSS, NB-SSS and NB-PBCH). If full subcarrier allocation is always used in the downlink, any such downlink transmission can block all other downlink transmissions for up to >1 second.
[bookmark: _Ref430783054]Table 1: NB-PDSCH performance in in-band operation (taken from Table 2.3-12 of [12] except the last row)
	
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5

	DL Numerology
	15kHz subcarrier spacing (R1-157252)
	15kHz subcarrier spacing (R1-157538)
	15kHz subcarrier spacing (R1-156802)
	15kHz subcarrier spacing (R1-156971)
	15kHz subcarrier spacing (R1-155806)

	DL Channel
	M-PDSCH
	NB-PDSCH
	N-PDSCH
	M-PDSCH
	E-PDSCH

	MCL
	165.8
	164
	164.1
	164.0
	164.0

	Data rate above SNDCP (kbps) 
	0.44
	0.36
	0.667
	0.45
	0.47

	Time required for a 520-bit block above SNDCP (s)
	1.18
	1.44
	0.78
	1.16
	1.11



The above problem can be alleviated by allowing the allocation of less than 12 subcarriers to one UE for data transmission (i.e. “FDM” between different UEs within one PRB for data transmission and/or control signaling). Note that the support for FDM does not exclude the (special) case of full subcarrier allocation, depending on the traffic characteristics and base station scheduling.
One may argue that the base station should allocate as many resource elements as possible to the UE in extreme coverage in order to minimize the overall latency, and so there is no need for FDM. However, the strict latency requirement applies only to the (rarely occurring) “Mobile Autonomous Reporting (MAR) exception reports”, but not to the (most commonly occurring) “Mobile Autonomous Reporting (MAR) periodic reports”, see Annex A for a brief summary of the traffic models defined in TR 45.820 [12]. In fact, if there is an ongoing transmission of a MAR periodic report from an extreme-coverage UE when a MAR exception report comes from a another UE of any depth of coverage, the only way to ensure the latency performance of the latter is FDM between the two UEs for both uplink and downlink so that the (urgent) MAR exception report is not blocked by the MAR periodic report.
Another example for the necessity of FDM is that, if a random access request comes in during a long data transmission, the corresponding RAR may be completely blocked for > 1 second if there is no FDM. The failure to send RAR in time may cause NB-PRACH retransmission, and eventually increase UE power consumption and decrease the overall NB-PRACH capacity.
Proposal 6: FDM within one PRB is supported for the multiplexing of user data and/or control signaling.
[bookmark: _Ref129681832]
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: QPSK modulation is used as a baseline for NB-PDSCH.
Proposal 3: The rate matching for TBCC as in LTE is used for NB-PDSCH.
Proposal 4: Asynchronous single HARQ process is supported for NB-IoT downlink data transmissions.
Proposal 5: TTI bundling is supported on NB-PDSCH.
Proposal 6: FDM within one PRB is supported for the multiplexing of user data and/or control signaling.
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Annex A [bookmark: _Ref438890703]Traffic models defined in TR 45.820
As described in Annex E.2 of TR 45.820, four different traffic models are defined to reflect the traffic characteristics of applications expected to be supported using Cellular IoT:
1. Mobile Autonomous Reporting (MAR) exception reports (Annex E.2.1 of TR 45.820). Such reports “are expected to be generally rare, typically occurring every few months or even years”, however, once occurred, the latency requirement for such events is very strict: “It is required that such reports are delivered in near real time, with a latency target of 10s”.
2. Mobile Autonomous Reporting (MAR) periodic reports (Annex E.2.2 of TR 45.820). “Periodic uplink reporting is expected to be common for cellular IoT applications such as smart utility (gas/water/electric) metering reports, smart agriculture, smart environment etc.” No specific latency requirement applies for MAR periodic, see sub-clause 5.3.2 of TR 45.820.
3. Network Command (Annex E.2.3 of TR 45.820). “The Network Command (NC) traffic model is used to model applications where an application server generates an application layer command to the device to perform an action without the need for an uplink response from the device e.g. command to switch on the lights or to trigger the device to send an uplink report as a result of the network command e.g. request for a smart meter reading.”
4. Software update/reconfiguration model (Annex E.2.4 of TR 45.820). This is to model the application layer software update/reconfiguration activities of the devices. The periodic inter-arrival time of such events is 180 days.
It can be seen that the most common traffic in CIoT is MAR periodic and Network command while MAR exception and Software update/reconfiguration only rarely occur. Amongst MAR periodic and Network command, the split of devices is “MAR periodic (80%) and Network Command (20%)”, see sub-clause 5.2.2 of TR 45.820.
Regarding latency requirement, the 10s latency target is defined only for MAR exception, and no specific latency requirement applies for other traffic models, see sub-clause 5.3.2 and 5.3.3 of TR 45.820.

