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1 Introduction

As a new requirement on NR, the support of multiple numerology/TTI has been discussed a lot in SI phase and the following agreements have been made.
· A UE can support multiple numerologies from a single cell. 
· For multiple numerologies in Phy, at least the TTI length of the numerology(s) will be visible to MAC. 

· A radio bearer can be configured by the network to be mapped to one or more numerology/TTI duration.
· A single logical channel can be mapped to one or more numerology/TTI duration. 

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

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

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

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

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

· A single MAC entity can support one or more numerology/TTI durations. 

· 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

Taken all the agreements above into account, the intention of this contribution is to share some views on the design of MAC architecture and modeling.
2 MAC architecture for the multiple numerology/TTI
According to the agreements listed above, it can be observed that a single logical channel can be mapped to one or more numerology/TTI duration. Also considering that a single MAC entity can support one or more numerology/TTI durations, different numerology/TTI duration can be considered as some kind of parameter set or instance within MAC entity. Since one of the main functions of MAC is to process the mapping between logical channels and transport channels, one stright way is to modeling the different configuration of numerology/TTI duration as different transport channel instance, and enable the configuation of multuple transport channel instance of DSCH within one MAC entity.
Proposal 1: Modeling the numerology/TTI duration related configurations as transport channel instance, and enable the configuation of multiple transport channel instance within one MAC entity.
In order to distinguish and maintain the transport channel instance (e.g. addition/release/reconfiguration of transport channel instance), one transport channel ID should be configured for each transport channel instance, which can be used to uniquely identify one transport channel within one MAC entity.
Proposal 2: One transport channel ID should be allocated for each transport channel instance, and with the transport channel ID, each transport channel instance can be identified uniquely within one MAC entity.
With the introduction of the concept of transport channel instance, the mapping between logical channel and numerology/TTI duration can be translated to the mapping between logical channel and transport channel instance. One example is shown as follow:
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Figure 1: Example of mapping between logical channel and transport channel instance
Proposal 3: For each logical channel, the mapping between logical channel and transport channel instance should be configured through L3 signaling.

Besides the numerology/TTI itself, the following numerology/TTI specific configuration are also discussed in the previous RAN2 meeting and related email discussion.
DRX related timer:
According to the DRX in LTE, some timers are defined in specs to support the DRX operation (e.g. drx-InactivityTimer, drx-RetransmissionTimer, drx-ULRetransmissionTimer, HARQ RTT Timer, etc) and most of the timers are counted based on the number of PDCCH-subframes.  In LTE, since all the transmission is based on the same TTI, one value for each timer works well for all the services/logical channels. However, in NR, since multiple TTI should be supported for different services/logical channels, different value for the DRX related timer for different TTI duration may be expected.  
HARQ configuration:
Considering the different requirement on the reliability and latency, different configuration on the HARQ (e.g. maximum retransmission number, Code Block Group (CBG)-based HARQ operation, TTI bundling, etc) may be required for different transport channel instance.  However, as indicated in the agreements above, more input from RAN1 is required before we can make any decision on whether HARQ configuration, if any, needs to be numerology/TTI duration specific.
In addition, it is worth noting that, having numerology/TTI specific HARQ configuration does not mean the HARQ process has to be numerology/TTI specific. The HARQ process can still be shared by different transport channel instance. For example, whenever a HARQ process is associated with a new data transmission, the HARQ profile of the transport channel instance selected can be sent to the HARQ process to enable the numerology/TTI specific HARQ configuration.
MAC header format: 
Since the concatenation is removed from RLC, one L filed will be assigned to each RLC PDU to indicate the length of RLC PDU. Considering the mapping between logical channel and transport channel instance is configurable, the requirement on the length of L field may be different. For example, since the size of data packet for URLLC services may be relatively small, a shorter length of L field may be expected for the transport channel instance which carries the URLLC services, compared to the L field for the transport channel instance which carries the eMBB services.
Priority of logical channels:

Since a single logical channel can be mapped to one or more numerology/TTI duration, one question is that whether a logical channel will have different priority in LCP operation in case it maps to different transport channel instance. Considering different transport channel instance may be optimized for different services specifically, different priority for one logical channel may be expected in different transport channel instance.
Based on the discussion above, it can be observed that some numerology/TTI specific configuration may be required in NR and the numerology/TTI specific configuration should be considered as transport channel instance level configuration.
Proposal 4: The numerology/TTI specific configuration should be considered as part of the transport channel instance.

Proposal 5: More study should be made on the following aspect to check whether any numerology/TTI specific configuration is required.
· DRX related timer

· HARQ configuration
· MAC header format

· Priority of logical channels

Based on the definition of transport channel instance and the proposal 5/6, it can be observed that the configuration of different transport channel instance may lead to different behaviour in the data transmission and reception. So, for each opportunity of data transmission/reception, one transport channel instance will be selected and the related parameters configured for the transport channel instance should be used for the data transmission/reception.
Proposal 6: For each opportunity of data transmission/reception (e.g. for each grant received from physical layer or pre-configured), one transport channel instance will be selected and the related parameters configured for the transport channel instance should be used for the data transmission/reception.

Since how to select the transport channel instance based on the grant received may lead to some impact on RAN1 (e.g. whether the transport channel ID should be considered as part of the DCI , or the transport channel can be selected based on the numerology indicated in DCI), if the concept of transport channel instance is agreed in RAN2, one LS should be sent to RAN1 to inform them our agreements.
Proposal 7: If the concept of transport channel instance is agreed in RAN2, one LS should be sent to RAN1 to inform them our agreements.

3 Conclusion

It is proposed that RAN2 discuss and adopt on following observations and proposals:
Proposal 1: Modeling the numerology/TTI duration related configurations as transport channel instance, and enable the configuration of multiple transport channel instance within one MAC entity.
Proposal 2: One transport channel ID should be allocated for each transport channel instance, and with the transport channel ID, each transport channel instance can be identified uniquely within one MAC entity.
Proposal 3: For each logical channel, the mapping between logical channel and transport channel instance should be configured through L3 signaling.

Proposal 4: The numerology/TTI specific configuration should be considered as part of the transport channel instance.

Proposal 5: More study should be made on the following aspect to check whether any numerology/TTI specific configuration is required.

· DRX related timer

· HARQ configuration
· MAC header format

· Priority of logical channels

Proposal 6: For each opportunity of data transmission/reception (e.g. for each grant received from physical layer or pre-configured), one transport channel instance will be selected and the related parameters configured for the transport channel instance should be used for the data transmission/reception.

Proposal 7: If the concept of transport channel instance is agreed in RAN2, one LS should be sent to RAN1 to inform them our agreements.
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