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1
Introduction
Following agreements on the LCP procedure for NR have been made in the NR#AH meeting: 
Agreements:

1.
At least numerology and TTI length are included /taken into account for restriction for LCP.  

FFS if any other parameters need to be considered for LCP

FFS how LCP is modelled

FFS how the UE processes multiple UL grants and what parameters need to be visible to the MAC

This document is analyzing the remaining details of the logical channel prioritization functionality for NR when supporting multiple numerologies.
2
Discussion
2.1
physical layer parameters considered during LCP
As agreed in the last RAN2 meeting, MAC entity should in addition to the TTI length also take into account numerology related physical layer transmission parameters in order to identify which logical channels are to be considered for the LCP procedure, i.e. also referred to as logical channel restriction.  The reason is that the TTI length alone does not reflect the characteristics of a physical layer transmission, e.g. reliability (target received power).

In the RAN2 email discussion on NR LCP, some companies expressed the opinion that physical layer parameter K2, which is basically indicating the delay between UL grant reception in DL and UL data (PUSCH) transmission, should be also considered during LCP procedure since it may impact the QoS. However it is our understanding that K2 according to RAN1 discussions will be a numerology-specific parameter and hence doesn’t need to be explicitly considered by MAC. Basically K2 is already implicitly taken in consideration by the used numerology (SCS). 
Carrier information (meaning either carrier frequency or serving cell index) is needed in our opinion in order to ensure carrier restriction for packet duplication is observed. 
In the email discussion the issue of grant-free respectively grant-based UL transmission was brought up. Even though it was not yet agreed, we also assume that only certain logical channels having some critical latency requirement may be allowed to use a grant-free uplink transmission mode. e.g., LCH dedicated for URLLC services. Therefore we also think that the scheduling mode, i.e. grant-free / grant-based should be considered during LCP procedure.

Proposal1: In addition to used numerology and TTI length for PUSCH transmission, LCP considers carrier information (when applying PDCP duplication for CA) and scheduling mode, i.e. grant-free /grant-based uplink transmission, for logical channel restriction.
2.2
Interface between PHY and MAC
The question is in what form/how the MAC layer needs to be made aware of the physical layer parameters used during the LCP procedure. First of all we think that MAC layer does not need to understand the detailed PHY parameters related to numerologies such as subcarrier spacing or CP length. To perform the logical channel restriction procedure it is sufficient for MAC to distinguish different (numerology, TTI length) pairs. Therefore some abstraction/index should be provided from PHY to MAC based on which MAC can perform the logical channel to UL resource mapping.
It was proposed by several companies to introduce some transmission profile [1] which identifies the physical layer parameters used for uplink transmission. Parameters of the transmission profile may include some numerology characteristics such as SCS, transmission power, TTI length, and an index of the transmission profile, etc. 
As already expressed during the RAN2 email discussion, we don’t see a need for introducing the concept of a transmission profile (TP). Firstly given current RAN1 discussions we don’t think that a DCI itself will explicitly contain a TP index field. Therefore PHY would need to create the transmission profiles based on some mapping table configured for the UE, i.e. a combination of several PHY parameters is mapped to a TP referenced by a certain TP index.

Furthermore we assume that MAC would need to know the TTI length also for other purpose like for the DRX operation, i.e. like for Rel-15 sTTI WI. Hence MAC would need to derive the TTI length based on the transmission profile index provided by PHY, which would require some extra complexity.
TTI length and numerology are contained explicitly/implicitly in a DCI. TTI length is contained in time-domain information and numerology is given by the UL BWP information, i.e. each UL BWT is associated with numerology as agreed by RAN1. When DCI/UL grant is received PHY informs MAC about the TTI length and numerology used for the PUSCH transmission, i.e. PHY provides MAC with a numerology/TTI length index. If required the carrier index as well as the scheduling mode is also provided to MAC.

The RRC configures the association between LCH and TTI/numerology index/carrier index. We would be also open to discuss configuring a maximum TTI length (instead of configuring a set of allowed TTI length/indices) for a LCH in order to ensure that the delay requirements of a given logical channel/service are met as proposed by other companies. MAC determines all LCHs with a configured maximum TTI length (index) greater than or equal to the indicated TTI length index and a configured numerology index matching the indicated (PHY) numerology index and a matching carrier index.

Such an approach would be in our understanding following the LTE principles. For the HARQ protocol operation PHY provides “HARQ information” to MAC upon reception of a DCI. Furthermore when using short TTI durations MAC needs to be informed about the TTI length used for a PUSCH/PDSCH transmission. For NR due to the support of different numerologies, PHY would according to this proposal provide MAC also with a numerology index upon reception of a DCI. MAC uses the numerology index and TTI length for the LCP procedure. 
Proposal 2: Introduction of a transmission profile (TP) is not supported for NR. Upon reception of an UL grant, PHY indicates to MAC the numerology index and TTI length used for the corresponding uplink transmission.
2.3
Details of LCP procedure for NR

The LCP procedure in NR will be basically comprised of two parts:
· Logical channel restriction, i.e. determining the relevant LCHs which are to be served in the corresponding uplink transmission

· Serving relevant logical channels according to some priority order/configured parameters 

The second part will be most likely same as in LTE (apart from some potential minor modifications). For the logical channel restriction, the numerology as indicated by an index and the TTI length used for an uplink transmission as well as the carrier information (for duplication) and scheduling mode (grant-free/grant-based) shall be taken into account as mentioned above. 
The gNB configures a logical channel with a set of allowed numerology indices. This set of allowed numerology indices represents the numerologies a logical channel can be served with. 
Proposal 3: a set of allowed numerology indices can be configured to a LCH to restrict which numerologies can be used to transmit data of that LCH. 
In the same way gNB configures the allowed TTI lengths for a logical channel. In our view it is sufficient to configure a maximum TTI length for a logical channel to make sure that the delay requirements of a given logical channel/service are met as proposed in [2]. Carrier restrictions as well as scheduling mode restrictions are also configured by gNB similarly.
Proposal 4: A maximum TTI length can be configured to a LCH to restrict which TTI lengths can be used to transmit data of that LCH.
Proposal 5: A set of allowed carriers/serving cells can be configured for a LCH to restrict which component carriers/serving cells can be used to transmit data of that LCH. 
Proposal 6: A LCH can be configured with a scheduling mode, i.e. grant-free/grant-based, it is allowed to use for uplink transmissions. 
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 7: 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.
2.4


Applicability of logical channel restrictions
One of the remaining details which need to be discussed is whether the logical channel restriction functionality is applied to every PUSCH transmission or whether there are certain scenarios/uplink transmissions for which UE shall not apply any logical channel restriction.  One of such a specific use case could be for example the scheduled uplink transmission within the RACH procedure, i.e. msg3. For certain events when RACH is triggered like Initial access from RRC_IDLE it is obvious that UE cannot apply any logical channel restriction since corresponding configuration is not available yet. Furthermore since for contention-based RACH gNB doesn’t know the identity of the UE, it basically doesn’t make sense to perform any logical channel restrictions for the PUSCH transmission scheduled by the RAR. This applies to RACH in RRC_CONNECTED mode as well as in RRC_INACTIVE mode. Therefore we think that RACH message 3 should not follow the logical channel restrictions, i.e. every logical channel can be considered as relevant for LCP. 

In addition to RACH msg3 we think that a UE should be allowed to send SRB data on every PUSCH regardless of the used numerology/TTI length, i.e. UE should be allowed to send measurement report on every PUSCH allocation. For duplication scenario, UE though still has to follow the carrier restriction. 
Proposal 8: logical channel restriction is not applied RACH message 3, i.e. every logical channel is considered as relevant for RACH message 3. SRB(s) can be sent with any numerology/TTI length. 
3
Conclusion
This contribution is discussing logical channel prioritization for the support of multiple numerologies. It is proposed to agree on the following:

Proposal1: In addition to used numerology and TTI length for PUSCH transmission, LCP considers carrier information (when applying PDCP duplication for CA) and scheduling mode, i.e. grant-free /grant-based uplink transmission, for logical channel restriction.
Proposal 2: Introduction of a transmission profile (TP) is not supported for NR. Upon reception of an UL grant, PHY indicates to MAC the numerology index and TTI length used for the corresponding uplink transmission.

Proposal 3: a set of allowed numerology indices can be configured to a LCH to restrict which numerologies can be used to transmit data of that LCH.
Proposal 4: A maximum TTI length can be configured to a LCH to restrict which TTI lengths can be used to transmit data of that LCH.
Proposal 5: A set of allowed carriers/serving cells can be configured for a LCH to restrict which component carriers/serving cells can be used to transmit data of that LCH.
Proposal 6: A LCH can be configured with a scheduling mode, i.e. grant-free/grant-based, it is allowed to use for uplink transmissions.
Proposal 7: 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.
Proposal 8: logical channel restriction is not applied RACH message 3, i.e. every logical channel is considered as relevant for RACH message 3. SRB(s) can be sent with any numerology/TTI length. 
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Annex

5.4.3.1
Logical channel prioritization
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).
The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × NR-UNIT for each NR-UNIT, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD.
Editor's note: (again) NR-UNIT is used. Editor thinks consistent unit (i.e. NR-UNIT) throughout the MAC would be desirable rather than to use e.g. one millisecond as proposed during the meeting.

The MAC entity shall, when a new transmission is performed:
1>
allocate resources to the logical channels in the following steps:
-
Step 1: Relevant logical channels 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);

Editor's note: compared to LTE, 'All the logical channels' is replaced with 'Relevant logical channels for the UL grant'.
-
Step 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.

-
Step 3: if any resources remain, all the relevant logical channels 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.
For transmission on an UL grant of a certain TTI length and numerology index, the MAC entity shall only consider logical channels as relevant which are allowed to be transmitted with that TTI length according to maxallowedTTI-Length and with that numerology index according to allowedNumerologyIndices.
Editor's note: the wording 'relevant' needs to be further clarified after having concrete RAN2 agreements (by considering e.g. numerology, packet duplication, etc.).

Editor's note: It is unclear whether the relevant logical channels are applicable in Step 3 from the agreements, and needs to be discussed by RAN2. Other than the 'Relevant logical channels for the UL grant' in Step 1 above, all the LCP text is same as in LTE, but still RAN2 needs to confirm.
The UE shall also follow the rules below during the scheduling procedures above:
- 
the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources of the associated MAC entity;

-
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant of the associated MAC entity as much as possible;

-
the UE should maximise the transmission of data;
-
if the MAC entity is given an UL grant size that is equal to or larger than [X] bytes while having data available for transmission, the MAC entity shall not transmit only padding BSR and/or padding.

Editor's note: Based on the agreements from RLC discussion, Editor captures the above four rules from LTE (copied from LTE, removed uncertain condition (of the 4th rule i.e. (unless the UL grant size is less than 7 bytes and an AMD PDU segment needs to be transmitted), which requires concrete RLC decision), and replaces 4 with X), but RAN2 needs to confirm. The fixed value X should also be determined by RAN2.

If the MAC PDU includes only the MAC CE for padding BSR or periodic BSR with zero MAC SDUs, the MAC entity shall not generate a MAC PDU for the HARQ entity in the following cases:

-
in case the MAC entity is configured with skipUplinkTxDynamic and the grant indicated to the HARQ entity was addressed to a C-RNTI.

Editor's note:  The term C-RNTI is tentatively used to capture the agreement. Can be changed later.
Editor's note: The condition 'If the MAC PDU includes only the MAC CE for padding BSR or periodic BSR with zero MAC SDUs' comes from LTE, and can be discussed later. Also aperiodic CSI condition from LTE is missing.

Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-
…

Editor's note: The detailed priority order (e.g. CCCH/C-RNTI MAC CE -> BSR MAC CE -> PHR MAC CE, …) is not discussed yet, so leave it empty for the time being. Will be filled out later.
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.

