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1
Introduction
Following agreements on the LCP procedure for NR have been made in the RAN2#97bis meeting:

Agreements

· Priority, PBR concept is used in NR as a baseline. 

· For the purpose of LCP, the MAC entity learns the TTI duration/numerology from the PHY layer.  FFS on the details of how it is signalled 

· Logical channel priority is configured per UE as a baseline.  FFS is anything needs to be done to treat logical channels differently
This document is analyzing the details of the logical channel prioritization functionality for NR when supporting multiple numerologies.
2
Discussion
2.1
Numerology visibility at MAC
RAN2 already agreed that UE will not consider, like for LTE (except for unlicensed bands), all logical channels having data available for transmission when generating a TB, but only consider those LCHs channels which are allowed for a certain numerology/TTI according to the RRC configuration, i.e. LCH to numerology/TTI length mapping. More in detail the network will configure for each logical channel the numerologies/TTI length that can be used for transmission. Upon reception of an UL grant, the PHY layer will indicate to MAC layer the numerology/TTI which is used for the corresponding uplink transmission, i.e. PUSCH transmission. MAC determines first the set of LCHs, which are - according to their configuration - allowed to be transmitted using the indicated numerology/TTI length. Subsequently the UE will allocate resources to the allowed logical channels based on some to be defined priority order. It has been already agreed that at least the TTI length used for an uplink transmission is visible to MAC, i.e. provided by PHY.
It should be noted that TTI length, which is the schedulable unit of time from MAC point of view, depends not only on the used numerology, i.e. subcarrier spacing, but also on the number of used (OFDM) symbols. Essentially a TTI length could result from SCS scaling or from adapting the number of symbols per TTI, e.g. TTI length reduction could be achieved by keeping the same numerology/SCS, but reducing the number of symbols per TTI, or by keeping the same number of (OFDM) symbols but scaling the SCS, i.e. reducing the symbol length. In our view there is a difference between these two methods. From latency point of view for example, reducing the (OFDM) symbol length by SCS scaling has certain benefits over reducing the number of OFDM symbols per TTI (for same SCS). The smaller symbol length by SCS scaling is a useful tool to enable fast pipeline processing of UL/DL channels, i.e a short symbol length allows for earlier decoding and hence further reducing the processing timeline and HARQ RTT. 
As shown in [1], for the same TTI length – as seen from MAC - there could be different HARQ RTT durations, i.e. reducing the HARQ RTT by half for the case of reduced OFM symbol length by SCS scaling. 
Furthermore UL power control needs to account for the different reliability requirements (BLER targets) for each of the services that a UE may support. Therefore as discussed in RAN1 certain power control parameters may be different depending on the service, i.e. eMBB service with target BLER of 10% has different parameter settings than URLLC service with target BLER of 0.1% or less. As explained in [2] a setting for the target received power can depend on the numerology, e.g. UE-specific component of 
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 might be separately configured for each service type and/or numerology. 
Given the above it’s obvious that the TTI length alone does not reflect the characteristic of a physical layer transmission, e.g. reliability (target received power), HARQ RTT. It’s more the combination of numerology and TTI length which determines the properties of a physical layer transmission. Therefore also the MAC layer should be aware and consider the numerology and TTI length used for an uplink transmission when mapping Logical channels to the uplink resources, i.e. during LCP procedure. Upon reception of an UL grant, PHY should indicate to MAC the numerology and TTI length used for the corresponding uplink transmission.
Proposal 1: MAC layer should be aware of the numerology and the TTI length used for an uplink transmission during LCP procedure.
Proposal 2: Upon reception of an UL grant, PHY should indicate to MAC the numerology and TTI length used for the corresponding uplink transmission
2.2
Details of LCP procedure for NR

The LCP procedure is comprised of two parts:
· Logical channel restriction, i.e. determining those LCHs which are to be considered for an uplink transmission

· Serving allowed logical channels according to some defined priority order 

As already mentioned above, the TTI length alone does not reflect the characteristics of a physical layer transmission, e.g. reliability (target received power), HARQ RTT. The same TTI length could result from different numerologies. Therefore when having for example numerology specific power control settings/parameters (P0, alpha), it might happen that a TB contains data of a LCH using a numerology which is not suited for its transmission, when only TTI length is considered during LCP (i.e. logical channel restriction). Since an UL grant for a short TTI length could be used for eMBB, i.e. power control settings according to eMBB, the MAC may multiplex for example URLLC data on the TB (since TTI length is matching) even though the numerology may not be suited for URLLC, i.e. reliability requirement for URLLC cannot be met.  
Therefore numerology and TTI length shall be considered for the logical channel restriction. Hence, a logical channel should be configured by RRC with the set of “allowed numerologies” and a “maximum TTI duration” as proposed in [3]. These parameters are used by UE/MAC to select which LCHs are considered for the uplink transmission, i.e. UE selects all LCHs with a maximum TTI length greater than or equal to the indicated TTI length and a configured numerology matching the indicated numerology.  
Proposal 3: RRC configures a Logical channel with one or multiple numerologies and a maximum TTI length
Proposal 4: During LCP, MAC selects first all LCHs with a configured maximum TTI length greater than or equal to the indicated (UL grant) TTI length and a configured numerology matching the indicated (UL grant) numerology.
The order in which the LCHs - selected in the first step - are served is determined based on the configured logical channel priority same as in LTE. Since logical channel restriction takes already care of the reliability and latency requirements of the LCHs, there is no need to further make the priority order in which LCHs are served dependent on the numerology.    
Proposal 5: The order in which the LCHs - selected in the first step - are served is determined based on the configured logical channel priority same as in LTE.
3
Conclusion
This contribution is discussing logical channel prioritization for the support of multiple numerologies. It is proposed to agree on the following:

Proposal 1: MAC layer should be aware of the numerology and the TTI length used for an uplink transmission during LCP procedure.
Proposal 2: Upon reception of an UL grant, PHY should indicate to MAC the numerology and TTI length used for the corresponding uplink transmission.
Proposal 3: RRC configures a Logical channel with one or multiple numerologies and a maximum TTI length
Proposal 4: During LCP, MAC selects first all LCHs with a configured maximum TTI length greater than or equal to the indicated (UL grant) TTI length and a configured numerology matching the indicated (UL grant) numerology.
Proposal 5: The order in which the LCHs - selected in the first step - are served is determined based on the configured logical channel priority same as in LTE.
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