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1. Introduction & Background

In 3GPP RAN2#95bis and RAN2#96 meetings, supporting multiple numerologies was discussed and following agreements were made [1][2]:

RAN2#95bis
Agreements

· 1
The eNB should have means to control which logical channels the UE may map to which numerology and/or TTIs with variable duration. Details FFS (e.g. whether semi-static or dynamic, hard split/soft split, etc)

· 2
A UE can support multiple numerologies from a single cell. FFS whether this is modelled as 1 or multiple MAC entities.

RAN2#96
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

In this contribution, the impact of TTI length on MAC is discussed and the discussion focuses on one carrier.

2. Discussion
In order to utilize the different kinds of TTI length, there are the following potential options.

2.1. Multiple MAC entities
Because the motivation for short TTI length is mainly to satisfy the requirement of low latency, it seems to be straightforward to map the logical channels with similar QoS requirements to one MAC entity, and schedule with one TTI length, which is called one-to-one mapping. The possible structure for DL is shown in Fig. 2-1. Assuming TTI length 1 is the basic TTI length.
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Fig. 2-1 DL structure with multiple MAC entities
The possible structure for UL is shown in Fig. 2-2. Assuming TTI length 1 is the basic TTI length.
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Fig. 2-2 UL structure with multiple MAC entities
The mapping between the logical channel and TTI length is clear, and the management of the mapping is simple.
However, with the consideration of different subcarrier spacing, slot, mini-slot etc., there would be many kinds of TTI length. Therefore, in the above one-to-one structure, there have to be many MAC entities.
Based on the above structure, there are two alternative schemes:
1) The physical resources share among the MAC entities, therefore some interfaces among MAC entities or one centralized control layer above the MAC layer is necessary. 
2) The physical resources are semi-statically configured among the MAC entities, then RRC signaling or one centralized control layer above the MAC layer is necessary to inform the reconfiguration.
Further, in the case of multiple-to-multiple mapping structure, there are multiple MAC entities and multiple TTI lengths, and multiple TTI lengths can map to one MAC entity, the complex and cost will increase from the point of UE.
Either the mapping structure is one-to-one or multiple-to-multiple, the reconfiguration of TTI length is informed by a higher layer, which adds latency.
Observation 1: Multiple MAC structure is complex and additional latency will be introduced when TTI length is reconfigured with multiple MAC entities.
Besides the multiple MAC entities, the structure could be with one MAC entity. The number of entity is less, and there is no additional latency produced without the additional control layer.
Observation 2: Single MACstructure is simple and flexible when TTI length is reconfigured within one MAC entity.
2.2. Multiple HARQ entities

Based on the same reason that short TTI length is mainly to satisfy the requirement of low latency, it seems to be straightforward to map the logical channels with similar QoS requirements to one HARQ entity scheduled with one TTI length, which makes the RTT aligned. The possible structure for DL is shown in Fig. 2-3. Assuming TTI length 1 is the basic TTI length.
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Fig. 2-3 DL structure with multiple HARQ entities within one MAC
The possible structure for UL is shown in Fig. 2-4. Assuming TTI length 1 is the basic TTI length.
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Fig. 2-4 UL structure with multiple HARQ entities within one MAC
The mapping between the logical channel and TTI length is clear, and the management of the mapping is simple.
On the other side, multiple HARQ entities are applied on CA to deal with different CCs in the LTE-A system. In NR, CA is also supported. Then there would be many HARQ entities considering the number of TTI length and CC.
Observation 3: If different HARQ entities are introduced for different TTI lengths, the total number of HARQ entity would be potentially substantial large, especially in CA scenario.

Observation 4: The benefit for Multiple HARQ is unclear for now: some potential use cases need the decision from RAN1, such as cross TTI HARQ retransmission, etc.; or some use cases need further justification, such as supporting multiple traffics on multiple TTI lengths at the same time, and fast TCP starting, etc.
2.3. Schedule logical channels

If multiple TTI lengths are supported within one HARQ entity and one MAC entity, the scheduler deals with different TTI length by different HARQ process with the legacy structure shown in Fig.2-5 and Fig.2-6[3]. With the assumption that one RB is scheduled with one default TTI length, then if in some case, the RB is scheduled with another TTI length, some conversion with the TTI length informed is needed with the consideration of LCP.
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Fig. 2-5 Layer 2 structure for DL
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Fig. 2-6 Layer 2 structure for UL
Observation 5: In general, one logical channel is scheduled with default TTI length; some conversion is needed when one logical channel is scheduled with different TTI lengths.
3. Conclusion

In this contribution, the impact of different TTI lengths on MAC is discussed with the following observations:

Observation 1: Multiple MAC structure is complex and additional latency will be introduced when TTI length is reconfigured with multiple MAC entities.
Observation 2: Single MACstructure is simple and flexible when TTI length is reconfigured within one MAC entity.
Observation 3: If different HARQ entities are introduced for different TTI lengths, the total number of HARQ entity would be potentially substantial large, especially in CA scenario.

Observation 4: The benefit for Multiple HARQ is unclear for now: some potential use cases need the decision from RAN1, such as cross TTI HARQ retransmission, etc.; or some use cases need further justification, such as supporting multiple traffics on multiple TTI lengths at the same time, and fast TCP starting, etc.
Observation 5: In general, one logical channel is scheduled with default TTI length; some conversion is needed when one logical channel is scheduled with different TTI lengths.
Based on the above observations, we give the following proposals:
Proposal 1: Support only one MAC entity and multiple kinds of TTI length map to one MAC entity.
Proposal 2: Whether supporting multiple HARQ for multiple kinds of TTI length need further justifications and RAN1 feedback.

Proposal 3: One logical channel can be scheduled with different TTI lengths.
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