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1 Introduction


LCP for NR was discussed at RAN2#97bis, RAN2#98, RAN2 NR AH#2, and RAN2#99. The following agreements were made [1-4]:
Agreements 

· 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

· For LCP and to know which restrictions to use the MAC needs to be aware of more information than just TTI length (e.g. numerology). A transmission based on index or profiles can be supported.   Exact parameters are FFS.

	Agreements 

· LCH restriction is based on available parameters coming from PHY and/or RRC.

· The physical layer parameters required by the LCP for the purpose of LCP restrictions are provided to the MAC from the PHY layer.  How this is captured is FFS    

· Parameters for LCP restrictions - Sub-Carrier Spacing, Cell, “Time”.  What “time” means is FFS (e.g. PUSCH transmission duration and K2).  FFS if other parameters are required (e.g. transmission mode).

· If there are multiple Grants for a UE at a certain point in time the order in which the UE processes the grants is up to UE implementation.

· The LCP restriction does not apply to MAC CE at least for non-duplication case



In this contribution, the remaining details on LCP modelling are discussed.
2 Discussion

2.1 LCH selection restrictions in LCP

From a specifications point of view, it’s relatively complex to specify the {numerology, transmission duration} combinations that could be provided in the DCI or configured for a grant. For MAC specifications, an increased level of interaction between the PHY and MAC entities is involved. For RRC specifications, a substantial number of PHY parameter sets must also be supported, resulting in large RRC configuration messages for each LCH configured or re-configured. Adding such parameters directly into LCP specifications thus increases the complexity, and limits the scheduling flexibility in terms of RRM and QoS strategies. Further, such modelling limits forward compatibility for support of data with other services requirements as well as related PHY layer enhancements, including power control parameters, HARQ RTTs, and URLLC reliability enhancements for data and control channels.
Observation 1: 
Adding PHY parameters used for LCH selection directly into LCP specifications results in unclear specifications, increased interaction between PHY and MAC, and forward incompatibility.

Observation 2: 
Adding PHY parameters used for LCH selection directly into LCP specifications requires RRC signalling containing the PHY parameter values for each LCH, thus resulting in additional overhead for RRC (re)-configurations.

For the sake of modelling simplicity and forward compatibility, a mapping index or transmission profile can be used. In terms of LCH applicability for a certain UL grant, the LCH is either applicable or it is not. If a LCH is configured with the mapping index that matches that of the grant, it’s applicable. Otherwise, it is not applicable. The mapping index of the UL grant can be determined by the PHY entity from the PHY parameters signalled in the DCI or semi-statically configured. The UE’s PHY entity then indicates the mapping index to MAC for each UL grant to select LCHs in LCP.
Proposal 1: 
For each LCH, RRC configures one or more mapping index for the purpose of LCH selection in LCP.

Proposal 2: 
RRC configures lower layers with a mapping between PHY parameters and mapping indices.
Proposal 3: 
For each UL grant for a new transmission, the MAC entity uses an abstraction of the transmission parameters used for LCH selection. A Mapping index can be indicated to MAC from lower layers without explicit awareness of physical layer transmission parameters.
Proposal 4: 
Send an LS to RAN1 for the derivation of the mapping index by the PHY layer and its inclusion in the HARQ information provided to the MAC layer. Include a list of suggested parameters to consider.
A text proposal for TS 38.321 [5] corresponding to the proposals above is in Appendix A.
2.2 Non-restricted LCHs

Certain types of eMBB data is tolerant to delay (e.g. TCP/IP traffic), which does not require specifying any physical layer resource limitations in LCP. Such traffic can be carried using any transmission duration and multiple numerologies, provided sufficient PDSCH C/(N+I) is available for the least spectral efficient modulation and coding scheme or the HARQ operating point is reached. Resource allocation for such data may therefore be left completely up to gNB scheduling implementation.

For that reason, it should be possible to configure LCHs carrying such eMBB data by RRC to indicate that such LCH contends on all grant types provided to the MAC entity. Given such LCHs have lower priorities than URLLC, data contending on resources intended for URLLC (e.g. high SCS or short latency) will only contend for the resource in the final LCP step if resources remain and all URLLC data has been served.
Proposal 5: 
Mapping index ‘0s’ is reserved in RRC to indicate that data for a given LCH may be multiplexed in any transport block by the LCP procedure.
2.3 Time parameters used for LCH selection

Performing LCH selection in LCP based on the PUSCH duration assumes that a scheduler enforces QoS in the allocation of resources only based on PUSCH transmission duration and not based on a more comprehensive strategy including other physical layer aspects; PHY parameters and properties involved may include the OFDM subcarrier spacing, the bandwidth part used, the data transmission duration of the PUSCH resource, the delay between the assignment of the grant and UL transmission ‘K2’, the HARQ RTT, the number of HARQ retransmissions, the PDCCH monitoring period, the UL transmission power, usage of MIMO, etc. These parameters are not necessary tied to the time duration of the PUSCH resource, and the scheduler may use a combination of these parameters to achieve the necessary QoS requirements of the uplink data. Therefore, performing a LCH mapping based PUSCH duration undermines RAN1’s design on the NR scheduling procedure.
Observation 3: 
From a latency point of view, the PUSCH duration alone does not determine the end-to-end user-plane latency.
Observation 4:
end-to-end latency for an uplink transmission depends on the maximum number HARQ retransmissions and the overall HARQ RTT.
Proposal 6:
LCH mapping in LCP is not based on PUSCH transmission duration.
Proposal 7:
If time is used for LCH mapping in LCP, it should correspond to the worst case latency scenario.
Proposal 8:
The worst case latency for the transmission of a transport block is the time between the reception of scheduling information for the initial HARQ transmission up to the time of the HARQ retransmission corresponding to max number of HARQ retransmissions.
3 Conclusion

In this contribution, the following proposals were made regarding the remaining details of LCP modelling. RAN2 should discuss the above and agree to the following:
Observation 1: 
Adding PHY parameters used for LCH selection directly into LCP specifications results in unclear specifications, increased interaction between PHY and MAC, and forward incompatibility.

Observation 2: 
Adding PHY parameters used for LCH selection directly into LCP specifications requires RRC signalling containing the PHY parameter values for each LCH, thus resulting in additional overhead for RRC (re)-configurations.

Proposal 1: 
For each LCH, RRC configures one or more mapping index for the purpose of LCH selection in LCP.

Proposal 2: 
RRC configures lower layers with a mapping between PHY parameters and mapping indices.
Proposal 3: 
For each UL grant for a new transmission, the MAC entity uses an abstraction of the transmission parameters used for LCH selection. A Mapping index can be indicated to MAC from lower layers without explicit awareness of physical layer transmission parameters.

Proposal 4: 
Send an LS to RAN1 for the derivation of the mapping index by the PHY layer and its inclusion in the HARQ information provided to the MAC layer. Include a list of suggested parameters to consider.
Proposal 5: 
Mapping index ‘0s’ is reserved in RRC to indicate that data for a given LCH may be multiplexed in any transport block by the LCP procedure.
Observation 3: 
From a latency point of view, the PUSCH duration alone does not determine the end-to-end user-plane latency.
Observation 4:
end-to-end latency for an uplink transmission depends on the maximum number HARQ retransmissions and the overall HARQ RTT.
Proposal 6:
LCH mapping in LCP is not based on PUSCH transmission duration.
Proposal 7:
If time is used for LCH mapping in LCP, it should correspond to the worst case latency scenario.
Proposal 8:
The worst case latency for the transmission of a transport block is the time between the reception of scheduling information for the initial HARQ transmission up to the time of the HARQ retransmission corresponding to max number of HARQ retransmissions.
A text proposal for TS 38.321 [5] is provided in Appendix A.
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5 Appendix A – Text Proposal

<Start text proposal, using TS 38.321 v0.3.0 as baseline>
5.4.3.1
Logical channel prioritization
5.4.3.1.1
General

[Unchanged text not included]
The Logical Channel Prioritization procedure is applied whenever a new transmission is performed.

RRC controls the scheduling of uplink data by signalling for each logical channel per MAC entity:
-
priority where an increasing priority value indicates a lower priority level;

-
prioritisedBitRate which sets the Prioritized Bit Rate (PBR);

-
bucketSizeDuration which sets the Bucket Size Duration (BSD).
-
transmission profile(s), which indicates if data from the logical channel can be allocated resources in a transport block with a matching value in the corresponding HARQ information;
[Unchanged text not included]
5.4.3.1.2
Selection of logical channels

The MAC entity shall, when a new transmission is performed:
1> select the logical channels configured with the transmission profile of the HARQ information provided for the transport block, for each UL grant according to the following:
Editor's note: Even though RAN2 agreed to use parameters SCS, cell, and Time, details of selection should be discussed and determined further by RAN2.

5.4.3.1.3
Allocation of resources

The MAC entity shall, when a new transmission is performed:
1>
allocate resources to the logical channels in the following:
2>
logical channels selected in subclause 5.4.3.1.2 for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to "infinity", the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);

2>
the MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1;

NOTE:
The value of Bj can be negative.

2>
if any resources remain, all the logical channels selected in subclause 5.4.3.1.2 are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.

Editor's note: the above three-step LCP procedure is used as a baseline as agreed in RAN2 NR AH#2, and RAN2 confirmation requires.

Editor's note: The name of RRC parameters priority, prioritisedBitRate, bucketSizeDuration, and skipUplinkTxDynamic are tentatively used to capture the agreement, but can be changed later..
[Unchanged text not included]
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