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1. Introduction
The Rel-14 WI on “shortened TTI and processing time for LTE” [1] led by RAN1 is in progress and, per WI objective, it was already agreed that a reduced TTI length of 1ms to 2, 4, or 7 symbols for FDD (4 symbol is only applicable to UL) and 7 symbols for TDD will be supported. 
Most of the impact of short TTI is at physical layer. However, there is also some MAC impact as discussed in RAN2#96 and we further elaborate on these in this contribution. 
2. Discussion
For the initial scope of RAN2 work on this WI, RAN2#96 has agreed to the following [2]:

· RAN2 will study the impacts of dynamic switching between legacy and sTTI on the MAC

· FFS if LCP procedures need to be changed and if multiplexing restrictions will be needed.  Wait for RAN1 to progress

· FFS if some logical channel should be given priority to use the sTTI and the mechanisms to achieve this

· Mac-ContentionResolutionTimer is in number of subframes regardless of which TTI length is used

· The unit for HARQ RTT timer counting is the TTI length of the TB that starts the timer

It is informative to also look at the NR discussion on multiple numerologies as the short TTI(s) can be considered as a new numerology (even though they use the legacy LTE tone spacing). It is also reasonable and beneficial to align the LTE and NR design on these similar paths to allow a unified implementation and specification structure. 
RAN2-NR-AH in Spokane has agreed to the following for supporting multiple numerologies in NR [3]:

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

2: ARQ can be performed on any numerologies/TTI lengths that the LCH is mapped to. 

3: The RLC configuration is per logical channel without dependency on numerology/TTI length.

4: Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.

5:
RAN2 will leave RAN1 to decide whether HARQ retransmission can be performed across different numerologies and/or TTI durations. 

6: wait for more details from RAN1 to decide whether HARQ configuration, if any, needs to be numerology/TTI duration specific.

7: a single MAC entity can support one or more numerology/TTI durations. 

8: LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase

For NR, the UE will be supporting multiple numerologies simultaneously and thus can be configured so. For short TTI (sTTI), RAN1#87 has also agreed to joint handling of legacy and sTTI transmissions in the subframe as follows:

· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI unicast PDSCH
· If the UE is indicating the capability of decoding PDSCH and sPDSCH assigned with C-RNTI/SPS C-RNTI in the same subframe for a given carrier

· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the PDSCH in addition to sPDSCH

· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH

· No special consideration is specified for overlapping of sPDSCH and PDSCH

· Otherwise
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the sPDSCH and is not required to decode PDSCH

· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH

From RAN2 perspective, the important impact is that MAC now needs to handle two types of TTIs simultaneously. 

The first question is whether a separate MAC entity is needed for sTTI. The MAC entity handles all the transport channels as described in 36.321. In LTE, there is one MAC entity at the UE and one in E-UTRAN except for Dual Connectivity where there are two at the UE wherein a separate one for MCG and SCG operate independently for each link (to MeNB and SeNB).

For the MAC entity, no distinction between the TTIs are needed as it only needs to be aware of the data reception and grants available on the transport channels. A single MAC entity currently handles multiple serving cells (including unlicensed) with multiple DL-SCH, UL-SCH and RACH whose operation are not that different than multiple TTIs. Also, if separate MAC entities were introduced for legacy and short TTI, there would be a large degree of inter-dependence between them, which will be more difficult to handle at least from specification point of view. Therefore, a single MAC entity should be retained with short TTI.

This is also in line with the NR agreement for single entity supporting multiple numerologies (even though it is not clear what MAC entity entails in the NR design).
Proposal 1: A single MAC entity will support both legacy and short TTIs.

For HARQ, the main question is whether a single HARQ entity can support transmissions on different TTIs. Note that this situation will arise even when a single TTI is supported at a time during TTI switching.  If the HARQ processes are not shared between different TTIs, then using a single HARQ entity will complicate the specification since now the HARQ entity needs to be aware of which process is associated with which type of TTI. The sharing of HARQ processes allow performing retransmissions on different TTIs; for example if a first transmission fails on short TTI, the second attempt can go on legacy TTI. However, the actual benefit of retransmissions on different TTIs seem limited and it will require a significant implementation and specification cost. Also it should be noted that such retransmissions are only possible if the grant sizes are comparable which will not always be valid due to the capacity of short TTI. However, the final decision on this issue belongs to RAN1. From RAN2 perspective, it is clear that separate HARQ entities will be easier to specify.
Proposal 2: Separate HARQ entities should be used for legacy and short TTIs, pending RAN1 agreement on HARQ retransmissions on different TTIs.
For logical channel to TTI mapping, there are two basic options: 1-) Configuring if a bearer can use sTTI or not 2-) RRC configuration of a bearer to either or both TTIs. 
The first option was adopted in LAA with the justification that some data (such as SRB or VoLTE) should not be transmitted over less reliable unlicensed channel. For sTTI, the situation is different as the reliability will be similar to legacy with the only difference of having a lower latency. Even though some bearers may not accommodate the possibly larger latency on legacy TTI, it is better to give the network the option to have the flexibility of Option 2 since for many applications, the latency could be desired but not an absolute requirement and the possibility of transmitting on both TTIs are beneficial. This was also the decision for supporting logical channels on multiple numerologies in NR.
Proposal 3: A logical channel can be mapped to either or both legacy and short TTIs.

When the UE is configured for short TTI, the same LCP rules of legacy LTE can be used as there is no reason why the TTI duration should have an impact on how data from multiple logical channels are multiplexed. Naturally, the logical channel to TTI mapping should be taken into account during this process.
Proposal 4: Legacy LTE LCP can be used for short TTI while taking into account the logical channel to TTI mapping.
The TTI length also impacts the DRX operation due to several DRX related timers being defined in subframes or PDCCH subframes. At a high level, there are two options: 1-) Use a common DRX state with possible modifications to accommodate the existence of short TTI 2-) Separate DRX state per TTI. 
If the second option is adopted, the DRX procedures should be configured for aligning the “ON” durations in order to provide better UE power savings (e.g. by making the DRX cycles to be integer multiple of each other and use the same time offset). 
Both options are feasible from specification point of view and it is not immediately obvious which option can provide better power savings since this depends on the DRX configurations and data activity on different TTIs. The second option will be cleaner and probably more amenable to future improvements by having two separate configurations. In the first option, PDCCH scheduling design (two step grant as being discussed in RAN1 etc.) on short TTI may make the DRX operation more complicated (for example monitoring sTTI PDCCH even if the DRX is off according). As before, it would be good to align the design with NR where a similar discussion is happening on multiple numerologies.
Proposal 5: RAN2 to discuss whether to use a common or separate DRX states for legacy and short TTI.
3. Conclusion
In this contribution, we discussed MAC impacts of short TTI and propose the following:
Proposal 1: A single MAC entity will support both legacy and short TTIs.

Proposal 2: Separate HARQ entities should be used for legacy and short TTIs, pending RAN1 agreement on HARQ retransmission on different TTIs.

Proposal 3: A logical channel can be mapped to either or both legacy and short TTIs.

Proposal 4: Legacy LTE LCP can be used for short TTI while taking into account the logical channel to TTI mapping.

Proposal 5: RAN2 to discuss whether to use a common or separate DRX states for legacy and short TTI.
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