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1 Introduction
Uplink grant-free transmission has been proposed for NR to reduce the latency of URLLC services. A UE can transmit its uplink data on these resources without requiring a prior request (SR/RACH/BSR), thereby improving its transmission latency. In the grant-free scheme, multiple UEs potentially share resources that have been pre-configured for transmission.
The following agreements have been made for uplink grant-free transmission for NR [1]:
Agreements on grant-free
=>	From RAN2 point of view it would be beneficial to be able to share “SPS/grant free” UL resources amongst different UE.  Mechanism to identify the UE for collision resolution purpose may be needed.   The details can be discussed in RAN1.  

In this contribution, we study the contention based grant-free transmissions and propose some changes to the logical channel prioritization (LCP) procedure to reduce collisions.
2 LCP updates for grant-free uplink transmissions
The ability to transmit on a grant-free resource without a prior request helps meet the low latency aspect of URLLC. However as more UEs try to transmit simultaneously on contention-based grants, the probability of collisions increases, degrading reliability (and latency, if retransmissions are required). To meet the URLLC requirements, it is therefore also important to minimize collisions .
Observation 1: A low collision rate in contention based grant-free transmission is important for URLLC.
Collisions could be reduced by placing restrictions on the usage of grant-free resources. A UE should only use grant-free resources when necessary, as determined by the latency requirements of the data to be transmitted. If the uplink data does not have strict latency requirements, it is better to avoid using the grant-free scheme.
Observation 2: Contention-based grant-free resources should be limited to the transmission of data with strict latency requirements, e.g. URLLC.
Differences between the data characteristics such as its latency requirements have typically been modeled with the use of different logical channels. This model could be used for the restriction of data transmission on grant-free resources as well. Only logical channels that carry time-sensitive information would trigger transmissions using the grant-free scheme.
Therefore two sets of logical channels can be defined with respect to transmissions on configured grants (grant-free and SPS):
1. [bookmark: _GoBack]Permitted logical channels: Data on these LCs triggers the UE to transmit on configured grants. Note that this does not preclude transmitting data from these LCs on dynamic grants. The permitted LCs should also have higher priority than other LCs to make sure that they are served before other LCs in LCP.
2. Restricted logical channels: Contains all LCs that are not in the permitted set. Data on the restricted LCs does not trigger the UE to transmit on configured grants. Note that this does not preclude transmitting data from these LCs on configured grants, if a transmission is already triggered.

The permitted LCs are optionally configured by the network, by RRC signalling, based on the requirements of the corresponding grant-free sheme. If the configuration is absent, all LCs are considered to be permitted by the UE. The availability of data on permitted LCs triggers the UE to transmit using configured grants, whereas the availability of data on restricted LCs does not trigger the UE to transmit using configured grants. 
For example, for a grant-free scheme where the resources are shared between multiple UEs (contention based), the network could include a configuration of permitted LCs. For SPS (non-contention based), the network does not provide a configuration with permitted LC(s), therefore there are no restrictions on LCs.
If the configuration for permitted LCs is present, a MAC PDU will be transmitted on a configured grant only when these conditions are met:
· One or more MAC CE(s) are present in the MAC PDU; or
· One or more MAC sub-PDU(s) containing permitted LC SDU(s) are present in the MAC PDU.

Note however that a MAC PDU containing only SDUs from restricted LCs and no MAC CEs will not be transmitted on a configured grant.
Proposal 1: The network optionally configures a subset of logical channels that trigger the UE to transmit on a configured grant (“permitted” LCs), by RRC signalling. If the configuration is not present, all LCs are considered to be permitted by the UE.
Proposal 2: A MAC PDU is transmitted on a configured grant only when one or more MAC sub-PDU(s) containing SDU(s) from permitted LC(s) or MAC CE(s) are present in the MAC PDU.
Figures 1 and 2 below illustrate some examples of MAC PDUs that are transmitted/not transmitted using configured grants, based on the proposals above.
In the examples, we assume that the priority order for LCP is the same as LTE, and the UE does not transmit on configured grants when the MAC PDU only contains periodic or padding BSRs, as in LTE. RAN2 can discuss these points separately.
The MAC sub-PDUs that trigger the transmission of the MAC PDU are highlighted in grey.
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[bookmark: _Ref477858260][bookmark: _Ref477858249]Figure 1: Examples of MAC PDUs that are permitted to be transmitted on configured grants
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[bookmark: _Ref489435299]Figure 2: Examples of MAC PDUs that are not permitted to be transmitted on configured grants
3 Conclusions
Observation 1: A low collision rate in contention based grant-free transmission is important for URLLC.
Observation 2: Contention-based grant-free resources should be limited to the transmission of data with strict latency requirements, e.g. URLLC.
Proposal 1: The network optionally configures a subset of logical channels that trigger the UE to transmit on a configured grant (“permitted” LCs), by RRC signalling. If the configuration is not present, all LCs are considered to be permitted by the UE.
Proposal 2: A MAC PDU is transmitted on a configured grant only when one or more MAC sub-PDU(s) containing SDU(s) from permitted LC(s) or MAC CE(s) are present in the MAC PDU.
A Text Proposal for 38.321 v0.2.0 [2] based on the proposals above is provided in the Annex below. (Note: The TP does not include the rules for periodic and padding BSRs, they can be added if an agreement is made in the future.)
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5 Annex: Text proposal for TS 38.321
[bookmark: _Toc489016250]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. It is up to UE implementation when to update Bj.
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.
Editor's note: the wording 'relevant' needs to be further clarified after having concrete RAN2 agreements (by considering e.g. numerology/TTI, packet duplication, transmission profile, etc.).

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: The 4th rule above can be checked further. The fixed value X should also be determined by RAN2.
The MAC entity shall not generate a MAC PDU for the HARQ entity in the following cases:
· in case the MAC PDU includes only the MAC CE for padding BSR or periodic BSR with zero MAC SDUs, the MAC entity is configured with skipUplinkTxDynamic, and the grant indicated to the HARQ entity was addressed to a C-RNTI; or
· in case the grant indicated to the HARQ entity is a configured uplink grant with sps-PermittedLogicalChannels set, and the MAC PDU includes only MAC SDUs which do not belong to any of the logical channels in sps-PermittedLogicalChannels.
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, and sps-PermittedLogicalChannels are tentatively used to capture the agreement, but can be changed later.

[bookmark: _Toc489016258]5.8	Semi-Persistent Scheduling (SPS)
RRC configures the following parameters when Semi-Persistent Scheduling (SPS) is configured:
Editor's note: The acronym 'SPS' (which becomes quite familiar with the people) is used instead of Semi-Persistent Scheduling, but needs to be confirmed by RAN2.
-	sps-C-RNTI: SPS C-RNTI;
-	sps-IntervalDL: Downlink SPS interval if SPS is configured for the downlink;
-	sps-IntervalUL: Uplink SPS interval if SPS is configured for the uplink;
.	sps-PermittedLogicalChannels which sets the permitted logical channels (optional).
Editor's note: The name of RRC parameters sps-IntervalUL, and sps-IntervalDL, and sps-PermittedLogicalChannels  are tentatively used to capture the agreement, but can be changed later.
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