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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In order to have proper NB-IoT design, we need the discussion on the scheduling resource granularity. This document discusses PDSCH resource granularity, TB size, and the resource assignment. In addition, we discuss reference signal.

Discussion
The max TB size and mapping length
TB size supported by NB-PDSCH needs to take into account the segmentation and CRC overhead. If we just simply reuse current LTE overhead assumption, it would be 24 bits (CRC) + 8 bits (MAC) + 16 bits (RLC AM) = 48 bits per one packet. 
10% overhead by CRC and protocol overhead corresponds to 0.4 dB additional loss. 5% overhead is 0.2 dB. 20% overhead is 0.8 dB. To limit something 10% order of the overhead would be sensitive choice in order to support various payload sizes. 500 to 1000 bits TB size would be 10% to 5% overhead when segmentation is used. This is in-line with the previous agreement "the max TB size for NB-IoT in DL is no less than 520bits".
The working assumption on the coding method is "TBCC as in LTE is used for NB-IoT all downlink channels". TBCC does not have multiple redundancy versions in the current rate matching algorithm. Reuse current rate matching procedure is attractive to minimize the standardization effort. Therefore, we propose to allow the coding rate around 1/3 is mapped to multiple subframes as the basic principle.
In downlink, in the condition of 2 CRS (Cell-specific Reference Signal) and 3 control OFDM symbols are reserved, 1 subframe x 1 PRB pair has 120 REs. When 10 subframes (1 radio frame) is the one unit of the assignment, it contains 1200 REs. By assuming QPSK and coding rate 1/3, TB size is roughly 800 bits (= 1200*2/3). We think this is something good number which is higher than 520 bits but less than 1000 bits. To map one encoded data over 10 subframes also aligned with the radio frame. This makes the timing counting mechanism simplified.



Figure 1: Mapping of up to around 800 bits with around coding rate 1/3

Proposal 1: No change on the rate matching procedure of TBCC.
Proposal 2: At the transmitter, the output of the rate matching is mapped over multiple subframes.
Proposal 3: The max TB size for NB-IoT in DL is around 800 bits. 
Proposal 4: The max TB size of around 800 bits is allowed to be mapped over 10 subframes (= 1 radio frame).

Supported TB size
Although the study item evaluation was 200bytes, the reality of TB size varies protocol designs and services. Some IoT type service may require relatively large data and some service may require small data. So the system needs to provide generic TBS with certain granularity. We propose to reuse TB size granularity of LTE up to around 800 bits. It means following.
16, 24, 32, 40, 56, 72, 104, 120, 136, 144, 176, 208, 224, 256, 280, 328, 336, 376, 408, 440, 488, 520, 552, 584, 616, 712, 776
Proposal 5: The supported TB size is {16, 24, 32, 40, 56, 72, 104, 120, 136, 144, 176, 208, 224, 256, 280, 328, 336, 376, 408, 440, 488, 520, 552, 584, 616, 712, 776}.

Resource assignment
TDM assignment allows minimizing the wake-up time for the data reception. This is important to reduce power consumption of UE. When the higher layer's TB size is smaller than around 800 bits, only to wake up required period is useful. Therefore, we propose DCI indicates the assigned subframe of PDSCH within 1 radio frame (10 subframes). By such signalling, UE is required to wake up only assigned subframes. As the method of the assignment within 10 subframes, the PRB assignment in the frequency domain in the legacy can be used as the starting point. If we keep full flexibility within 10 subframes, type 0 resource mapping of 10 bits are required. On the other hand, we don't see the need of such full flexibility. To restrict continuous assignment would be useful for the DCI signalling optimization and further UE battery saving. Then it is same as type 2 resource assignment. Type 2 resource assignment of 10 PRB cases support (10x11)/2 = 55 combinations. 6 bits field of DCI can indicate 64 combinations. Some unused entries would be used for some non-continuous assignments and random request trigger.

Proposal 6: The DCI indicates the assigned subframe of PDSCH within 1 radio frame.
Proposal 7: The assigned subframe of PDSCH within 1 radio frame is expressed by 6 bits in DCI.

When more than radio frame repetition is required, the number of the radio frame repetition is signalled in DCI. We think 2 bits could be enough for the number of radio frame indication. The higher layers indicate the set of the radio frame repetition and one of the entries is indicated by DCI. Within the repeated radio frames, the same assigned subframes are repeated. When more than radio frame repetition is required, the repeated subframe bits should be located to the continuous subframe position than 1 radio frame later for better symbol combining performance. This is shown in figure 2. But this requires some more thinking may be required.


 Figure 2: Mapping of 2 radio frame case

Proposal 8: The DCI indicates the number of the radio frames to be repeated. 
Proposal 9: Within the repeated radio frame, the assigned subframes are repeated.

Reference signal
For guard band and standalone deployments, CRS in the legacy can be used as reference channel. For standalone, additional RS would be required as the CRS boosting only for NB-IoT is not possible. If CRS power is boosted/de-boosted, the coverage of legacy CRS is differentiated. Therefore, cell specific reference but different from current CRS is required. We call these references as NB-CRS. NB-CRS uses additional RS than current CRS in standalone.
Proposal 10: In inband, CRS power should not be required to change only from NB-IoT deployment. 
Proposal 11: In inband, NB-CRS where different RE position from CRS should be considered.
Proposal 12: In guard band and standalone, CRS in legacy can be used as NB-CRS.


Conclusion
We propose following.
Proposal 1: No change on the rate matching procedure of TBCC.
Proposal 2: At the transmitter, the output of the rate matching is mapped over multiple subframes.
[bookmark: _GoBack]Proposal 3: The max TB size for NB-IoT in DL is around 800 bits. 
Proposal 4: The max TB size of around 800 bits is allowed to be mapped over 10 subframes (= 1 radio frame).
Proposal 5: The supported TB size is {16, 24, 32, 40, 56, 72, 104, 120, 136, 144, 176, 208, 224, 256, 280, 328, 336, 376, 408, 440, 488, 520, 552, 584, 616, 712, 776}.
Proposal 6: The DCI indicates the assigned subframe of PDSCH within 1 radio frame.
Proposal 7: The assigned subframe of PDSCH within 1 radio frame is expressed by 6 bits in DCI.
Proposal 8: The DCI indicates the number of the radio frames to be repeated. 
Proposal 9: Within the repeated radio frame, the assigned subframes are repeated.
Proposal 10: In inband, CRS power should not be required to change only from NB-IoT deployment. 
Proposal 11: In inband, NB-CRS where different RE position from CRS should be considered.
Proposal 12: In guard band and standalone, CRS in legacy can be used as NB-CRS.
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