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1. Introduction
In RAN1#84, the following agreements have been made: 

Agreements:
· 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


In this contribution, we provide our view on the data channel for NB-IoT.

2. Maximum NB-PDSCH data rate
RAN1 has already agreed that: 
· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment
· The start of UL A/N transmission is >=12ms later than the end of the corresponding NB-PDSCH transmission 
· Single process HARQ for PDSCH is realized by adaptive and asynchronous timing transmission

Considering that the maximum TBS for NB-PDSCH is up to 680 bits and 16QAM is not supported, the above agreements impact the achievable maximum downlink data rate in NB-PDSCH. Assuming that 1msec is needed to switch from DL to UL and vice versa, the maximum NB-PDSCH data rate is given by:
· 1/3 TBCC:  = 8ms680/(17+8) = 27.2 kbps
· 2/3 TBCC:  = 4ms680/(17+4) = 32.38 kbps
Where we assumed 24 bits for CRC as agreed in RAN1. Also the above calculation assumes an in-band deployment with 2 OFDM symbols for legacy PDCCH, and 2 antenna ports with no NB-RS resource element. As the calculation shows, 8 subframes is needed for cross-SF channel coding, and 17 msec is needed to satisfy today’s NB-IoT requirements, as shown in Figure 1.
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Figure 1. Timeline for maximum NB-PDSCH data rate with 1/3 TBCC and TBS 680 bits.
If we relax the NB-PDSCH and UL A/N transmission times, we can enhance the maximum data rate. More precisely, we propose:
Proposal 1: We propose NB-PDSCH transmission starts 2ms (instead of >=4ms) later than the end of its associated DL assignment, and UL A/N transmission is 4ms (instead of >=12ms) later than the end of the corresponding NB-PDSCH transmission.
With that proposal, the achievable maximum data rate is  
· 1/3 TBCC:  = 8ms680/(7+8) = 45.3 kbps
· 2/3 TBCC:  = 4ms680/(7+4) = 61.8 kbps

3. Control-less downlink data transmission
For IoT applications the data transmission usually contains a small number of bytes (e.g. alarm information, measurement, or some short commands). Thus, transmitting a control channel associated with a short data packet might incur in a very large overhead. It is desirable to have the possibility of transmitting a data packet without any control associated with it. Also, note that it is agreed to use TBCC for all downlink channels, so the data and control channels are sharing the coding scheme.
In order to achieve this control-less data transmission effectively and with a reasonable complexity, some constraints have to be introduced in the data transmission. 
· Keep transport block to have same size as DCI: A UE would monitor a single payload size (otherwise the UE would need to perform additional blind decodings). Data and control can be differentiated by having a different redundancy check (e.g. data having a CRC of different size, or same size but different RNTI).
· Reduced MAC header: Some fields, like logical channel ID, reserved, etc. can be removed from the MAC header to reduce the overhead of data transmitted over NB-PDCCH.
Proposal 2: Allow transmission of data directly over the control channel to avoid large overhead for small payload sizes.
4. Downlink Power Adjustment
For NB-IoT and with introducing NB-RS reference signal, different power offsets need to be configured. Consider for example NB-PDSCH assignment within an in-band deployment, where within each slot there are OFDM symbols with CRS and PDSCH (symbols 0 and 4), OFDM symbols with NB-RS and PDSCH (symbols 5 and 6), and OFDM symbols not-containing NB-RS and legacy CRS (symbols 1, 2, and 3). Thus, based on absence or presence of NB-RS and CRS symbols, there are four different relative powers in different OFDM symbols:
1. ρNA: ratio of N-PDSCH EPRE to NB-RS EPRE within OFDM symbols containing neither legacy CRS nor NB-RS
2. ρB: ratio of N-PDSCH EPRE to CRS EPRE within OFDM symbols containing legacy CRS (similar to its legacy definition)
3. ρC: ratio of NB-RS EPRE to legacy CRS EPRE
4. Ratio of N-PDSCH EPRE to NB-RS EPRE within OFDM symbols containing NB-RS
[bookmark: _GoBack]We note that with configuring 3 relative powers ρNA, ρB, and ρC, all power offsets are determined. Also we note that ρNA can be configured for the NB-IoT UE, similar to the same approach that legacy ρNA is configured for legacy UE, i.e. using RRC signalling of parameter PA. Moreover, ρB can be configured exactly same as legacy, i.e. from the cell-specific parameter PB and ρB = ρNA PB. Configuring ρC can be done explicitly (e.g. RRC configured or signaled in grant) or implicitly (e.g. based on coverage enhancement level). For example: UE may assume the ratio of PDSCH EPRE to NB-RS EPRE within each OFDM symbol containing NB-RS is 0 dB for normal coverage and -3 dB for extended coverage 
Proposal 3: PA and PB can be signalled same as legacy to NB-IoT UE for in-band deployment; consider either using fixed or configurable value for ρC. 
· For guard-band deployment, only PA and PB are needed to be signalled to NB-IoT UE (same as legacy)
· For standalone deployment, only PA is needed to be signalled to NB-IoT UE 

5. Conclusion
Proposal 1: We propose NB-PDSCH transmission starts 2ms (instead of >=4ms) later than the end of its associated DL assignment, and UL A/N transmission is 4ms (instead of >=12ms) later than the end of the corresponding NB-PDSCH transmission.
Proposal 2: Allow transmission of data directly over the control channel to avoid large overhead for small payload sizes.
Proposal 3: PA and PB can be signalled same as legacy to NB-IoT UE for in-band deployment; consider either using fixed or configurable value for ρC. 
· For guard-band deployment, only PA and PB are needed to be signalled to NB-IoT UE (same as legacy)
· For standalone deployment, only PA is needed to be signalled to NB-IoT UE 
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