3GPP TSG RAN WG2 #92
R2-156137
Anaheim, USA, November 16-20, 2015

Agenda Item:
7.16.3.2
Source: 
Ericsson
Title:  
HARQ principles for NB-IoT 
Document for:
Discussion and Decision

1 Introduction
RAN2#91bis agreed that the number of HARQ processes for NB-IoT will be one for uplink and one for downlink [1]. Apart from this no decisions have been made on the HARQ operations for NB-IoT. 

This contribution discusses some further aspects of HARQ for NB-IoT. It includes proposals on HARQ related topics where RAN2 should be able to make assumptions regardless of how the physical layer design looks like. The agreed assumptions could then be aligned with RAN1.  
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] so the baseline for the NB-IoT HARQ design should follow this approach as well. For HARQ operations it is believed that simplifications/optimizations can be made due to the decision to support only one HARQ process per direction and the assumption that the NB-IoT UE only needs to support half duplex operations to reduce device complexity. The latter is not yet assumed by RAN2 so we suggest that this assumption should be agreed by RAN2. 

Proposal 1: An NB-IoT UE only needs to support half duplex operations.

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. This channel is 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 FFS and pending RAN1 decisions but it is good to set a common agreed terminology for future discussions in RAN2.

Proposal 2: 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 channels denoted NB-PUSCH and NB-PDSCH respectively. The exact naming of the physical channels are FFS and the responsibility of RAN1 to decide. 

Similar to the eMTC design we assume that only cross-subframe scheduling is used for DL assignments and UL grants as same-subframe scheduling increases device complexity and is not needed. The NB-PDSCH/NB-PUSCH start time relative to the NB-PDCCH in number of sub-frames is proposed to be signaled as part of the scheduling message to enable an efficient and flexible scheduling solution for NB-IoT. This is needed to be able to utilize the NB-PDSCH/NB-PUSCH resources efficiently when multiple UEs need to be scheduled simultaneously.  
Proposal 3:  Only cross-subframe scheduling is supported and the start time of the NB-PDSCH/NB-PUSCH relative to the NB-PDCCH is signaled as part of the scheduling message.

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/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 4: HARQ feedback information for downlink data is sent on NB-PUSCH. HARQ feedback information for uplink data is sent on NB-PDCCH. 

In existing LTE HARQ re-transmission in UL may be either adaptive or non-adaptive. For eMTC it is still FFS if non-adaptive HARQ shall be supported in the UL. 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 may still be an NB-PDCCH DCI that triggers a non-adaptive re-transmission. In the absence of HARQ feedback on the NB-PDCCH a HARQ re-transmission should not be triggered, i.e. an UL HARQ re-transmission is always triggered by successful reception of something (e.g. new grant or NACK) on the NB-PDCCH.   

Proposal 5: Adaptive HARQ is supported for downlink and uplink.

Proposal 6:  It is left FFS if non-adaptive HARQ is supported in the uplink.

Proposal 7: UL HARQ re-transmissions should not be triggered by absence of HARQ feedback on the NB-PDCCH. 

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 HARQ data channel transmission duration is of variable size in terms of number of sub-frames both in the uplink and in the downlink (i.e. for NB-PUSCH/NB-PDSCH). It could be assumed that this transmission duration is derived from the scheduling information sent on NB-PDCCH (from for example MCS and/or repetition/bundling level and/or TB size etc) but the details here is left for RAN1 to decide on. 

Proposal 8: The transmission duration in number of sub-frames for the NB-PDSCH and the NB-PUSCH is variable and derived from the scheduling information transmitted on NB-PDCCH.  

It can be assumed that the length (in number of sub-frames) of the NB-PDCCH scheduling messages depends on the coverage level of a UE as the amount of repetitions needed for different coverage classes differs.  Thus, the transmission duration of the NB-PDCCH will be of variable size and depends on the coverage class of a UE.

Proposal 9: The transmission duration in number of sub-frames of the NB-PDCCH is variable and depends on the coverage class.   

In existing LTE the HARQ transmission/re-transmission timing is asynchronous in downlink and synchronous in uplink. 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 NB-PDCCH). Asynchronous HARQ operation is beneficial for scheduling flexibility and efficiency. Furthermore, synchronous operation can be achieved by configuration of the retransmission window as a special case of asynchronous operation. Hence, it is proposed to support asynchronous UL HARQ for 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 HARQ principles for NB-IoT have been discussed. In section 2 the following proposals can be found:
Proposal 1: An NB-IoT UE only needs to support half duplex operations.
Proposal 2: 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 channels denoted NB-PUSCH and NB-PDSCH respectively. The exact naming of the physical channels are FFS and the responsibility of RAN1 to decide.

Proposal 3:  Only cross-subframe scheduling is supported and the start time of the NB-PDSCH/NB-PUSCH relative to the NB-PDCCH is signaled as part of the scheduling message.

Proposal 4: HARQ feedback information for downlink data is sent on NB-PUSCH. HARQ feedback information for uplink data is sent on NB-PDCCH. 
Proposal 5: Adaptive HARQ is supported for downlink and uplink.

Proposal 6:  It is left FFS if non-adaptive HARQ is supported in the uplink.

Proposal 7: UL HARQ re-transmissions should not be triggered by absence of HARQ feedback on the NB-PDCCH.

Proposal 8: The transmission duration in number of sub-frames for the NB-PDSCH and the NB-PUSCH is variable and derived from the scheduling information transmitted on NB-PDCCH.

Proposal 9: The transmission duration in number of sub-frames of the NB-PDCCH is variable and depends on the coverage class.

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