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1. Introduction
In last RAN2 meeting, MAC model supporting multiple numerologies/TTI was discussed, and following agreements were made. 

	Agreements

1. A radio bearer can be configured by the network to be mapped to one or more numerology/TTI duration.

FFS: Whether a single MAC entity can support one or more numerology/TTI durations (modelling issue)

FFS: Whether a single logical channel can be mapped to one or more numerology/TTI duration.

FFS: Whether a single HARQ entity can support one or more numerology/TTI duration


This contribution provides our consideration on the potential MAC HARQ models from three aspects: HARQ characteristic, L1 potential design on scheduling, and three HARQ model options. To simplify the discussion, in this contribution the HARQ model is only focus on single serving cell case. 
2. Discussion
· HARQ characteristics

In legacy R8, only one HARQ entity is used; while in Rel-10, multiple HARQ entities are introduced and each HARQ entity is corresponding to one serving cell and cross carrier retransmission is not allowed. Based on the above description, it can be deduced that one HARQ entity has the following characteristics:
· 1. HARQ process ID is numbered within one HARQ entity;
· 2. HARQ retransmission is only allowed within one HARQ entity;
· 3. Only one HARQ process is processed on each TTI except UL MIMO model, i.e. one PDCCH/PDSCH for DL and one PDCCH/PUSCH for UL, (in UL MIMO, one UL grant can be schedule two TBS transmission  and one for each UL HARQ process) ;
· 4. Max HARQ process number ensures the continuous data transmission, and is calculated based on the HARQ RTT. 
we do not see there is any challenge to keep the current HARQ scheme at least point#1#2#4, so it is proposed:

Proposal 1: HARQ scheme should be based on LTE design, i.e. 

· HARQ process ID is numbered within one HARQ entity;
· HARQ retransmission is only allowed within one HARQ entity;
· Max HARQ process number ensures the continuous data transmission, and is calculated based on the HARQ RTT. 
· NR L1 design on scheduling
According to current RAN1 NR progress, we can have following observations:
· UE can support the transmission on the different numerology in FDM scheme at the same time;

· UE can support the transmission on different TTIs in TDM scheme.
· NR MAC HARQ model
Based on the previous discussion, there are three potential NR HARQ models as below.

· Option 1: HARQ entity is cell specific;

· Option 2: HARQ entity is numerology specific;

· Option 3: HARQ entity is numerology and TTI specific. 
Figure-1 gives an example that one UE is configured with two numerology and two TTI length within each numerology in one cell. 
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Figure-1. Three HARQ models in example (Note: N = numerology)
For Option 1, there is only one HARQ entity, and two HARQ processes within the HARQ entity are processed at same time and one for each numerology transmission. In addition, if some of HARQ related configuration are numerology specific, then UE should dynamically select and apply these parameters according to the scheduled numerology for this HARQ process. 
For Option 2, there are two HARQ entities and one for each numerology. One HARQ entity is only required to process the scheduling and data for one HARQ process at the same time, same as legacy LTE. In addition, the numerology specific HARQ configuration can be configured to the corresponding HARQ entity semi-statically. 
For Option 3, there are four HARQ entities and one for each TTI of each numerology. One HARQ entity is required to process the scheduling and data for at most one HARQ process at a  time. Due to within the different TTI scheduling is TDM scheme within one numerology, so sometimes  some of the HARQ entities are in rest, and UE is not required to have the capability to support the data transmission continuously in all HARQ entities always. 

Stick to the HARQ characteristics and based on RAN1 progress, based on above example, Table-1 gives the explanation on the MAC HARQ model of the three options. 

Table-1. NR MAC HARQ model
	
	Option 1. (Cell specific)
	Option 2. (Numerology specific)
	Option 3. (Numerolgy&TTI specific)

	Process ID 
	Cell specific
	Numerology specific
	Numerology & TTI specific

	HARQ entity identification
	Identified by all NR-PDCCH in the cell
	Identified by NR-PDCCH’s numerology
	Identified by NR-PDCCH’s numerology & TTI

	HARQ retransmission
	Possible to support cross numerology and cross TTI
	Possible to support cross TTI 
	No support cross TTI or cross numerology

	NR-PDCCH number received in one TTI
	Equal to the configured numerology number
	One 
	One

	TBS (PDSCH/PUSCH) number in one TTI
	Equal to the configured numerology number
	One
	One

	Support of continuous data transmission via all HARQ entities
	Yes
	Yes 
	No

	Numerology specific HARQ configuration
	Dynamically select and apply on the process according to the scheduled numerology
	Semi-statically configure to the corresponding HARQ entity.
	Semi-statically configure to the corresponding HARQ entity.


From the above analysis, Option 3 is not reasonable since some of the HARQ entities cannot be used sometimes, which is against the HARQ target for continuous data transmission. Comparing Option 1 and Option 2, Option 2 is more like the legacy LTE HARQ model, and Option 1 maintains the same HARQ entity number of LTE. 
· In case of UE configured with one numerology, Option 1 and Option 2 are same. 
· In case of UE configured with multiple numerologies:

· If HARQ retransmission across numerology is supported, Option 1 should be selected;

· If HARQ retransmission across numerology is not supported, Option 2 is suitable, since it keeps similar HARQ model as LTE.
Proposal 2: TTI specific HARQ entity should not be supported. 
Proposal 3: For cell specific or numerology specific HARQ entity, it should dependent on whether HARQ retransmission across numerology is supported or not. 
3. Conclusion

Based on the analysis in section 2, it is observed:
Proposal 1: HARQ scheme should be based on LTE design, i.e. 

· HARQ process ID is numbered within one HARQ entity;
· HARQ retransmission is only allowed within one HARQ entity;
· Max HARQ process number ensures the continuous data transmission, and is calculated based on the HARQ RTT. 
Proposal 2: TTI specific HARQ entity should not be supported. 

Proposal 3: For cell specific or numerology specific HARQ entity, it should dependent on whether HARQ retransmission across numerology is supported or not. 
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