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1 Introduction
RAN2#95bis has agreed that 

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)
In [1], we have discussed how to model the MAC-PHY interface to support different numerologies and flexible TTI durations. This contribution continues to discuss how to implement the mapping between a logical channel and the numerologies and/or TTIs with variable durations.
2 Discussion
This paper deals with how to map a logical channel to certain numerologies and/or TTIs with variable durations. We present two different alternatives and a comparison between the both in the end.
The first alternative referred as to “Semi-static option” means that the eNB informs a UE of an explicit mapping between a logical channel and a set of associated numerologies via RRC signalling. 

While the second alternative named as “Dynamic option” means that there is no explicit mapping between a logical channels and the numerologies signalled by the network via RRC signalling. The eNB may instead use other L1/L2 control signalling to indicate the mapping between a logical channel and the numerologies.
2.1 Alternative 1 – Semi-static
2.1.1 Mapping to numerologies

In this alternative, we believe a logical channel should have a set of associated numerologies which includes a maximum TTI duration. The logical channels with the most delay stringent requirements, such as URLLC should have a set of associate numerologies which can support the delay critical requirements. The set of associated numerologies for these logical channels would include numerologies with short TTI durations, resulting in short UP latency. The logical channels with more relaxed delay requirements (e.g. mMTC) would have a set of associated numerologies leading to a relaxed UP latency to improve coverage.

The set of associated numerologies could be configured by RRC together with the other properties of the logical channel.
Observation 1 For the semi-static option, a logical channel would have a property set of associated numerologies which describes which numerologies and TTI durations can be used to serve the logical channel.

2.1.2 UL grants and LCP

An UL grant would indicate a set of time-frequency resources (PRBs), a modulation and coding scheme on which the UE transmits the MAC PDU. The grant would also implicitly or explicitly indicate which numerology and TTI duration is associated to the grant. This means that the UE knows from the UL grant which numerology will be used. Based on the mapping between logical channels and the associated set of numerologies, the UE therefore figures out which logical channels can be considered in the logical channel prioritization (LCP).

We recognize that the exact design of the uplink grant is for RAN1 to decide, however, it is of importance that RAN2 also studies the properties of the uplink grant from the MAC perspective. If RAN1 decides that the numerology needs to be explicitly indicated, that is of course also fine for MAC.

Observation 2 For the semi-static option, and from the MAC perspective, it would be beneficial if an UL grant implicitly (or explicitly) indicates the associated numerology and TTI duration that this grant uses.
We think the LCP for LTE should be used as a baseline for LCP in NR. However, as the UL grant for NR indicates numerology and that logical channels are configured to only be served by specific numerologies, the first step of the LCP for NR is to first consider logical channels whose set of associated numerologies includes the numerology of the UL grant. Thus, with static mapping the LCP for NR would be:

For each UL grant:

1)
Only consider logical channels whose set of associated numerologies includes the numerology of the UL grant.
2)
Apply the LTE LCP for the logical channels considered in step 1.
3)
After all the logical channels considered in step 1 have been served and if there is room left in the grant and there is no more data available from the set of associated logical channels, apply the LTE LCP for the other logical channels.

Step 3) can be discussed as it may result in low latency data being served on a non-compatible numerology/TTI duration, especially if the eNB sends a second UL grant for a compatible numerology/TTI duration immediately after the first one. Steps 1) and 2) should be fairly straight-forward though.

Observation 3 For the semi-static option, the LCP for NR would be the same as the LCP for LTE, but it only considers the logical channels which support the numerology of the UL grant.
2.2 Alternative 2 – Dynamic

In this option, there is no explicit mapping between a logical channels and a set of numerologies signalled by the network via RRC signalling. However, the fact from Alternative 1, that some channels are better served on certain numerologies, still applies. Therefore, the network may need to indicate a set of logical channels associated with a UL grant via the L1 or L2 signalling. As a summary, a grant in the dynamic option could indicate both its associated logical channels, and a numerology besides a set of PRBs, a modulation and coding schemes for a new data transmission. 
Observation 4 For the dynamic option, an UL grant would indicate a set of associated logical channels besides a set of PRBs, a modulation and coding scheme, and a numerology.
With this dynamic option, the LCP would look slightly different than the static option as each UL grant has a set of associated logical channels. Upon reception of each grant, the UE firstly assigns the radio resources to the channels indicated in the grant according to the LTE LCP procedure. After this step, if there is remaining room and there is no more data from the set of associated logical channels in the UL grant, the UE applies the LTE LCP procedure to the rest of the logical channels until there is either no free bits or no more data left. Thus, with dynamic mapping the LCP for NR would be:
For each UL grant:

1)
Only consider logical channels which belong to the set of indicated logical channels in the grant.

2)
Apply the LTE LCP for the logical channels considered in step 1.

3)
After all the logical channels considered in step 1 have been served and if there is room left in the grant and there is no more data available from the set of indicated logical channels in the grant, apply the LTE LCP for the other logical channels.

With respect to the LCP procedure there is not much difference between the two options. The comment on step 3) for the static option applies to the dynamic option as well.
Observation 5 For the dynamic option, the LCP for NR would be the same as the LCP for LTE, but it only considers the logical channels which are indicated in the UL grant.

2.3 Comparison between the alternatives

The semi-static mapping option could give a lower signalling overhead since the mapping between a logical channel and a numerology might not change within a service session, while the dynamic option might incur a higher control overhead due to the UL grant being larger as it needs to indicate which logical channels to consider. With the dynamic alternative there is also an issue that delay-sensitive traffic occurs in the UE after the eNB has transmitted the grant (for delay-tolerant traffic). Hence, the delay sensitive traffic has to wait for the next grant associated with a short numerology/TTI duration, this leads to an additional latency to the initial packets which may cause them to break the latency requirement. With the semi-static option, the delay sensitive traffic is mapped to a set of short numerologies from the start of the service session, the eNB can potentially assign the resources with a high priority to the traffic to achieve a short UP latency. 
Observation 6 The dynamic mapping option may incur a higher control overhead since the grant must also indicate a set of associated logical channels

Observation 7 The dynamic mapping option may lead to an additional UP latency for the “initial” packets so that they would not fulfil the latency requirements
Therefore, it is suggested to apply the semi-static option, to map a logical channel to certain numerologies and TTI duration. In principle this means that each logical channel is configured with a “maximum TTI duration”, which sets an upper bound for mapping that logical channel to the set of numerologies. Based on the TTI duration of the allocated grant (HARQ information), the LCP procedure in NR may ensure that traffic with ultra-low latency requirements is not mapped onto TTIs with the duration longer than the “maximum TTI duration”. At the same time, the “maximum TTI duration” setting for logical channels with relaxed latency requirements can be set as relaxed values, so that these logical channels can be mapped on to TTIs with longer durations.
Proposal 1 A logical channel has a property set of associated numerologies which describes which numerologies and TTI durations can be used to serve the logical channel.
Proposal 2 The set of associated numerologies is configured in a semi-static fashion, i.e., use RRC signalling to inform a UE of an explicit mapping between a logical channel and a set of numerologies.

Proposal 3 From the MAC perspective, the UL grant should implicitly (or explicitly) indicate the associated numerology and TTI duration that this grant uses.

Proposal 4 The LCP for NR is the same as the LCP for LTE, but it only considers the logical channels which support the numerology of the UL grant.

3 Conclusion
In section 2 we made the following observations:

Observation 1
For the semi-static option, a logical channel would have a property set of associated numerologies which describes which numerologies and TTI durations can be used to serve the logical channel.
Observation 2
For the semi-static option, and from the MAC perspective, it would be beneficial if an UL grant implicitly (or explicitly) indicates the associated numerology and TTI duration that this grant uses.
Observation 3
For the semi-static option, the LCP for NR would be the same as the LCP for LTE, but it only considers the logical channels which support the numerology of the UL grant.
Observation 4
For the dynamic option, an UL grant would indicate a set of associated logical channels besides a set of PRBs, a modulation and coding scheme, and a numerology.
Observation 5
For the dynamic option, the LCP for NR would be the same as the LCP for LTE, but it only considers the logical channels which are indicated in the UL grant.
Observation 6
The dynamic mapping option may incur a higher control overhead since the grant must also indicate a set of associated logical channels
Observation 7
The dynamic mapping option may lead to an additional UP latency for the “initial” packets so that they would not fulfil the latency requirements


Based on the discussion in section 2 we propose the following:

Proposal 1
A logical channel has a property set of associated numerologies which describes which numerologies and TTI durations can be used to serve the logical channel.
Proposal 2
The set of associated numerologies is configured in a semi-static fashion, i.e., use RRC signalling to inform a UE of an explicit mapping between a logical channel and a set of numerologies.
Proposal 3
From the MAC perspective, the UL grant should implicitly (or explicitly) indicate the associated numerology and TTI duration that this grant uses.
Proposal 4
The LCP for NR is the same as the LCP for LTE, but it only considers the logical channels which support the numerology of the UL grant.
4 
 Reference

[1] R2-168660, "Modelling of MAC-PHY interface", Ericsson, RAN2#96, Reno, Nevada, USA, 14th – 18th November 2016

