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Introduction
RAN2 has discussed how to model MAC when the UE is configured with multiple numerologies/TTI durations. During RAN2#96 the following agreements and FFSs were identified.
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

To this aspect an e-mail discussion was carried out. In this document we provide more information on the topic and proposed to study how to define MAC in an event-triggered fashion.
[bookmark: _Ref178064866]Discussion
The first FFS is whether a single MAC entity is restricted to a single numerology/TTI duration or whether it can support more than one. It can be assumed that if the MAC entity is restricted to a single numerology, the behaviour would be similar to LTE, hence it is of interest to analyse the unrestricted case and investigate the differences.
Three important MAC functions which would be affected are logical channel prioritization and multiplexing, HARQ, and DRX.
Logical Channel Prioritization and Multiplexing
Logical channel prioritization and multiplexing is the process of deciding which logical channel are served in a MAC PDU. It is understood that some logical channels are better served on some numerologies/TTI durations than others. The obvious example is that in order to make the tight latency requirements of URLLC the corresponding logical channels must be served on a short numerology/TTI duration. The MAC PDU can only be transmitted in a single numerology, hence an additional requirement for the LCP must be to take the numerology/TTI duration of the MAC PDU into account. 
[bookmark: _Toc471300911][bookmark: _Toc471463851][bookmark: _Toc471478488][bookmark: _Toc471510670]LCP shall take the numerology/TTI duration of the MAC PDU into account.
We think this can be realized with an additional parameter for the logical channel which would be the "maximum TTI duration". We think this parameter can be used to initially select which channels to serve before applying the LCP from LTE can be reused. The procedure would then be something like this:
For selection of logical channels to serve for a UL transmission with a TTI duration t:
1.	Select all logical channels with a maximum TTI duration greater than, or equal to, t.
2.	Apply LTE LCP on the logical channels selected in step 1.
The above procedure implies that an eMBB logical channel which can be served on a TTI of normal duration can also be served on a TTI of "short" duration. We do not think this is a problem, instead it is beneficial to use the complete UL grant of a TTI of "short" duration.
Together with existing parameters used in the prioritization (e.g. QCI) the UE can fulfil QoS while at the same time prevent that URLLC traffic is served on TTIs which are too long. For this to work the LCP must be aware of the TTI duration of the MAC PDU. We think the simplest way is if this information is carried in the uplink grant. This can be done explicitly (i.e. some field in the DCI) or implicitly (e.g. the TTI duration of the UL transmission is the same as the DL transmission of the UL grant). We leave the details for RAN1 to decide. For completeness, we also mention that the UL grant carries the TB size.
[bookmark: _Toc471300912][bookmark: _Toc471463852][bookmark: _Toc471478489][bookmark: _Toc471510671]A logical channel can be configured by RRC with a "maximum TTI duration".
[bookmark: _Toc471300913][bookmark: _Toc471463853][bookmark: _Toc471478490][bookmark: _Toc471510672]For the purpose of LCP, UL grant carries (explicitly or implicitly) information on the TTI duration of the UL transmission. RAN1 can decide on the details.
[bookmark: _Toc471300914][bookmark: _Toc471463854][bookmark: _Toc471478491][bookmark: _Toc471510673]For the purpose of LCP, UL grant carries information on the size of the MAC PDU.
[bookmark: _GoBack]As RAN1 designs the contents of the uplink grants we should inform them and we have drafted an LS in [2]. 
[bookmark: _Toc471510674]Send an LS to RAN1 and inform about our assumptions on the uplink grant.
HARQ entities
With respect to HARQ the situation is a bit more complex. To begin with, we need to consider two different scenarios.
1)	The different numerologies/TTI durations are on different carriers (one numerology per carrier)
2)	The different numerologies/TTI durations are on one carrier
In Scenario 1 where the MAC entity serves multiple carriers and we can reuse the design from carrier aggregation with one HARQ entity per carrier. Having one HARQ entity spanning multiple carriers would give the opportunity to perform HARQ retransmissions on different cells. To make good use of this, the UE must support several activated UL cells something which can be quite costly. The scheduling complexity in the eNB also increases. We do not think the potential gains outweigh the drawbacks.
In Scenario 2 we can analyse any benefits of not restricting the HARQ entity to a single numerology/TTI duration. One benefit is increased flexibility as HARQ retransmissions can be moved from one numerology/TTI duration to another one. This in principle supported in LTE where a HARQ retransmission can be performed in a special subframe of TDD after being transmitted first in a normal subframe and vice versa. Also in LAA the number of OFDM symbols used can be varied to allow for LBT. Restricting a HARQ entity to a single numerology/TTI duration would therefore be a step back from LTE. 
[bookmark: _Toc471300915][bookmark: _Toc471463855][bookmark: _Toc471478492][bookmark: _Toc471510675]The MAC entity has one HARQ Entity per carrier.
[bookmark: _Toc471300916][bookmark: _Toc471463856][bookmark: _Toc471478493][bookmark: _Toc471510676]The HARQ entity is not restricted to a single numerology/TTI duration.
DRX
The overall objective with DRX is to save power. This is further analysed in [1], where we conclude that there would be one DRX state per MAC entity. This does not preclude that the UE is configured with multiple DRX configurations, of which only one is active at the time. As there would be one DRX state per MAC entity and that MAC entity is not restricted to a single numerology/TTI duration the DRX function of the MAC entity is also not restricted to a single numerology/TTI duration. 
[bookmark: _Toc471300917][bookmark: _Toc471463857][bookmark: _Toc471478494][bookmark: _Toc471510677]The DRX function of MAC is not restricted to a single numerology/TTI duration.
MAC entities
From the analysis above we have not identified any major reason which would restrict the MAC entity to a single numerology/TTI duration. 
In LTE the UE has one MAC entity per cell group in the case of dual connectivity. This is reasonable as the UE communicates with multiple eNBs at the other end. Having a MAC entity which would span multiple cell groups in NR would mean a huge increase in specification and implementation complexity with very unclear gains. Hence we think we can stick to restricting the MAC entity to a single cell group. 
[bookmark: _Toc471300918][bookmark: _Toc471463858][bookmark: _Toc471478495][bookmark: _Toc471510678]The UE has one MAC entity per cell group.
[bookmark: _Toc471300919][bookmark: _Toc471463859][bookmark: _Toc471478496][bookmark: _Toc471510679]The MAC entity is not restricted to a single numerology/TTI duration.
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	LCP shall take the numerology/TTI duration of the MAC PDU into account.
Proposal 2	A logical channel can be configured by RRC with a "maximum TTI duration".
Proposal 3	For the purpose of LCP, UL grant carries (explicitly or implicitly) information on the TTI duration of the UL transmission. RAN1 can decide on the details.
Proposal 4	For the purpose of LCP, UL grant carries information on the size of the MAC PDU.
Proposal 5	Send an LS to RAN1 and inform about our assumptions on the uplink grant.
Proposal 6	The MAC entity has one HARQ Entity per carrier.
Proposal 7	The HARQ entity is not restricted to a single numerology/TTI duration.
Proposal 8	The DRX function of MAC is not restricted to a single numerology/TTI duration.
Proposal 9	The UE has one MAC entity per cell group.
Proposal 10	The MAC entity is not restricted to a single numerology/TTI duration.
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