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1 Introduction
In RAN1#83 the following was agreed related to downlink channels:

· NB-IoT supports a physical downlink control channel, NB-PDCCH

· NB-IoT supports a physical downlink shared channel, NB-PDSCH

Even if not explicitly agreed yet by RAN1 we assume in this contribution that there also will be a physical uplink shared channel denoted NB-PUSCH.
RAN2#91bis agreed that the number of HARQ processes for NB-IoT will be one for uplink and one for downlink [1]. 

RAN#92 agreed that a NB-IoT UE only needs to support half duplex operations to reduce device complexity.

This contribution discusses aspects of scheduling and HARQ for NB-IoT. It includes proposals on topics where RAN2 should be able to make agreements regardless of the current agreed physical layer design to speed up the progress of NB-IoT. Contributions to the RAN1 adhoc meeting on NB-IoT including most of the proposals in this document can be found in [2][3][4]. 
2 Discussion
As decided on RAN2#91bis, NB-IoT is based on LTE Rel-13 with the aim to re-use as much as reasonable w.r.t. eMTC/eDRX enhancements [1]. Hence, the baseline for the NB-IoT scheduling and HARQ design should follow this approach as well. For scheduling/HARQ operations we believe that simplifications/optimizations can and should be made compared to eMTC due to the following main reasons:

· the agreement from RAN2#91bis to support only one HARQ process per direction,

· the agreement from RAN2#92 that a NB-IoT UE only needs to support half duplex operations to reduce device complexity,

· the need for battery efficient and low complexity operations for the NB-IoT UE,

· the need for scheduling flexibility to efficiently be able to utilize the UL/DL resources in a NB-IoT cell   
NB-IoT Scheduling

Regardless of the chosen physical layer design, RAN2 should be able to conclude that a physical downlink control channel is present that carries scheduling information for both downlink assignments and uplink grants on a channel denoted NB-PDCCH. The scheduled data is then transmitted on shared downlink/uplink channels denoted NB-PDSCH/NB-PUSCH. The exact naming for these channels are still FFS and pending RAN1 decisions but it is good to set a common agreed terminology for future discussions in RAN2.

Similar to the eMTC design, we assume that only cross-subframe scheduling is used for DL assignments as same-subframe scheduling increases device complexity and is not needed. Further, since the UE operates in half-duplex mode, there is a need for a retuning time in-between the NB-PDCCH and the NB-PUSCH. However, since the time offset from receiving the UL grant until the NB-PUSCH is transmitted is fixed to N+4 for legacy LTE and eMTC we assume that this time offset will not be lower for NB-IoT and thus the re-tuning is included in this. 
It is assumed that different transport block sizes and different repetition/bundling levels must be supported for enhanced coverage and protocol overhead reasons. Thus, it can be assumed that the NB-IoT control/data channel transmission durations are of variable size in terms of number of sub-frames both in the uplink and in the downlink (i.e. for NB-PDCCH/NB-PUSCH/NB-PDSCH). It could be assumed that the transmission duration for the NB-PDCCH is semi-static for a certain coverage level (and thus known to the UE) and that the transmission duration for the NB-PDSCH/PUSCH is derived from the scheduling information sent on the NB-PDCCH (from for example MCS and/or repetition/bundling level and/or TB size etc). The details, i.e. DCI formats etc, is left for RAN1 to decide on. 

The above basic scheduling follows the eMTC/LTE design and is summarized graphically in the figure below followed by four proposals. 
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Proposal 1: Scheduling information for both downlink and uplink data is transmitted on a downlink physical control channel denoted NB-PDCCH. The scheduled uplink and downlink data is transmitted on shared data channels denoted NB-PUSCH and NB-PDSCH respectively. The exact naming of the physical channels is FFS and is the responsibility of RAN1 to decide. 

Proposal 2:  NB-IoT supports only cross-subframe scheduling and no same-subframe scheduling.
Proposal 3: The transmission duration in number of sub-frames for the NB-PDCCH, the NB-PDSCH and the NB-PUSCH is variable. 

Proposal 4: The transmission duration in number of sub-frames is semi-static for the NB-PDCCH and is indicated for the NB-PDSCH/NB-PUSCH as part of the scheduling information transmitted on the NB-PDCCH.  

The downlink radio resources need to be shared between the NB-PDSCH and the NB-PDCCH. To re-use LTE concepts and to reduce the NB-IoT UE complexity it is proposed in RAN1 [5] that the basic scheduling unit in frequency should be 12 subcarriers (i.e. 180 KHz or 1 PRB) and the basic scheduling unit in time should be 1 ms
 for UEs in good coverage. The basic scheduling unit in time depends on the coverage level of the UE, the deployment scenario and the smallest transport block size that is supported, see [5] for more details. 
Since no frequency domain multiplexing (FDM) is used in the downlink, the NB-PDCCH and the NB-PDSCH will thus be multiplexed in time (TDM). As the NB-PDCCH is used to carry scheduling messages for both directions, it cannot be transmitted when there is data on the NB-PDSCH. This in combination with the variable transmission times both for uplink and downlink requires a flexible way to signal when in time an assignment/grant starts. Without this it would not be possible to efficiently schedule multiple UEs with different transport block sizes and/or coverage levels. Thus, the NB-PDSCH/NB-PUSCH start time relative to the NB-PDCCH in number of sub-frames (i.e. the offset) is proposed to be indicated as part of the scheduling message. This is needed to be able to utilize the NB-PDSCH/NB-PUSCH resources efficiently when multiple UEs need to be scheduled simultaneously. The figure below shows an example where the NB-PDSCH/NB-PUSCH start times (or cross-subframe offsets) for various UEs are indicated as arrows. Note that the time unit in the figure is not 1 ms
 and the NB-PDSCH/NB-PUSCH durations (of variable size) and number of uplink allocated subcarriers are dynamically signaled as part of the scheduling message on the NB-PDCCH.
Proposal 5:  The start time of the NB-PDSCH/NB-PUSCH relative to the NB-PDCCH is signaled as part of the scheduling message.
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HARQ operation

No separate/dedicated HARQ feedback channels are assumed to be specified for NB-IoT as existing channels can preferably be used to simplify both work on specifications and implementations, i.e. no PHICH or PUCCH compared to legacy LTE exist to carry HARQ feedback in NB-IoT. Thus, it is proposed that the HARQ feedback information shall be sent on NB-PDCCH for uplink/NB-PUSCH data and on NB-PUSCH for downlink/NB-PDSCH data. 

Proposal 6: HARQ feedback information for downlink data is sent on NB-PUSCH. HARQ feedback information for uplink data is sent on NB-PDCCH. 

When a downlink assignment is received, an uplink time/frequency resource (on NB-PUSCH according to proposal 6) for the HARQ feedback should always be available for the UE without any additional NB-PDCCH signaling. To reduce the complexity the UE should not be required to monitor the NB-PDCCH until after the HARQ feedback has been sent. 

Proposal 7: After a downlink assignment has been received on the NB-PDCCH the UE is not required to monitor the NB-PDCCH again until after the HARQ feedback has been transmitted.

The uplink resource for the HARQ feedback could either be semi-static or dynamically sent as part of the DL assignment message on the NB-PDCCH. It is not good to have it semi-statically configured as the resource might be occupied by other UEs (in potential bad coverage) so having it dynamic and sent as part of the DL assignment is preferred to get scheduling flexibility. Another option would have been to give a separate grant using the NB-PDCCH but that would both waste system resources and UE battery.
Proposal 8: The uplink resource for HARQ feedback is sent as part of the downlink assignment on NB-PDCCH.

In existing LTE the HARQ re-transmission in UL may be either adaptive or non-adaptive. For eMTC it has been decided that only adaptive HARQ shall be supported in the UL and all transmissions should be based on receiving an UL grant in the UE. It is proposed that for NB-IoT adaptive HARQ is supported for both uplink and downlink but non-adaptive HARQ for uplink should be left for FFS until more details on the physical layer is decided. Even if it is assumed that there will not be any PHICH for NB-IoT there could still be an NB-PDCCH DCI format that triggers a non-adaptive re-transmission. In this case the UE will use the same grant as for the previous transmission. In the absence of HARQ feedback on the NB-PDCCH an UL HARQ re-transmission should not be triggered, i.e. an UL HARQ transmission/re-transmission is always triggered by successful reception of something (e.g. new grant or a NACK DCI) on the NB-PDCCH.   

Proposal 7: Adaptive HARQ is supported for downlink and uplink.

Proposal 8:  It is left FFS if non-adaptive HARQ is supported in the uplink.

Proposal 9: UL HARQ re-transmissions should not be triggered by absence of HARQ feedback on the NB-PDCCH. 

In existing LTE the HARQ transmission/re-transmission timing is asynchronous in downlink and synchronous in uplink. For eMTC this has been changed for the uplink so that asynchronous HARQ is used for uplink as well. As there is only one HARQ process in the uplink in NB-IoT, the first transmission should be able to start at any time (but limited to when the UE monitors the NB-PDCCH). Asynchronous HARQ operation is beneficial for scheduling flexibility and efficiency. Furthermore, synchronous operation can be achieved by configuration of drx parameters as a special case of asynchronous operation. Hence, it is proposed to have an aligned design with eMTC to support only asynchronous HARQ for both directions in NB-IoT.    

Proposal 10: The HARQ re-transmissions in both downlink and uplink are asynchronous. 

The figure below summarizes the proposals made in this contribution.
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3 Summary

In this contribution Scheduling and HARQ principles for NB-IoT have been discussed. In section 2 the following proposals can be found:
Proposal 1: Scheduling information for both downlink and uplink data is transmitted on a downlink physical control channel denoted NB-PDCCH. The scheduled uplink and downlink data is transmitted on shared data channels denoted NB-PUSCH and NB-PDSCH respectively. The exact naming of the physical channels is FFS and is the responsibility of RAN1 to decide. 

Proposal 2:  NB-IoT supports only cross-subframe scheduling and no same-subframe scheduling.

Proposal 3: The transmission duration in number of sub-frames for the NB-PDCCH, the NB-PDSCH and the NB-PUSCH is variable. 

Proposal 4: The transmission duration in number of sub-frames is semi-static for the NB-PDCCH and is indicated for the NB-PDSCH/NB-PUSCH as part of the scheduling information transmitted on the NB-PDCCH.  

Proposal 5:  The start time of the NB-PDSCH/NB-PUSCH relative to the NB-PDCCH is signaled as part of the scheduling message.

Proposal 6: HARQ feedback information for downlink data is sent on NB-PUSCH. HARQ feedback information for uplink data is sent on NB-PDCCH.
Proposal 7: Adaptive HARQ is supported for downlink and uplink.

Proposal 8:  It is left FFS if non-adaptive HARQ is supported in the uplink.

Proposal 9: UL HARQ re-transmissions should not be triggered by absence of HARQ feedback on the NB-PDCCH. 
Proposal 10: The HARQ re-transmissions in both downlink and uplink are asynchronous. 
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� Note though that (as described above) the transmission time duration will vary depending on the transport block size and the coverage level of the UE.


� Otherwise there would be a UE processing requirement of less than N+4 between NB-PDCCH and NB-PUSCH.
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