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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 in RAN2#97bis [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.  

The following agreements have been made for logical channel prioritization (LCP) in RAN2#99 [2]:

 Agreements 
1. LCH restriction is based on available parameters coming from PHY and/or RRC.
2. 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    
3. 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).
4. 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
5. The LCP restriction does not apply to MAC CE at least for non-duplication case

The RAN1 agreement below has been made for UL transmission without grant in RAN1#NR-AH2 [3]:
· In addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.
· Note: it is common understanding that the time and frequency resources configured for a UE may or may not collide with those for another UE (to be captured in the LS).

In this contribution, we study the contention based grant-free transmissions and propose some changes to the LCP procedure to reduce collisions.
2 Justification for LCH restrictions for grant-free
One important performance target for contention based grant-free transmissions is the low collision rate. As more UEs try to transmit simultaneously on contention-based grants, the probability of collisions increases, degrading reliability and latency. To meet the service requirements targeted by grant-free configurations, it is therefore also important to minimize collisions .
Observation 1: A low collision rate is an important performance target for contention based grant-free transmissions.
Please note that the term “grant-free” is generally used to mean “contention based grant-free” throughout this document unless otherwise specified.
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 service requirements of the data to be transmitted. For example, a particular grant-free scheme can be configured to support certain services. If the uplink data does not have service requirements that can only be satisfied by that grant-free scheme, it is better to avoid using the grant-free and rely on other methods, e.g. dynamic grants from the network. Transmitting data on contention based grant-free resources regardless of its service requirements can increase the collision rate with other UEs and have a negative impact on the overall reliability of grant-free transmissions within the system. 
As an example, a grant-free scheme could be configured for URLLC with a low latency QoS target. Critical (URLLC) data for the scheme could consist of commands, responses, or indications used for control purposes in the application layer. Other non-critical (eMBB) data, which is not reliant on grant-free transmissions, could consist of background information such as statistics, video feed, or periodic diagnostic data.
Observation 2: Avoiding grant-free transmissions for services where the use of grant-free resources is not essential, is beneficial for minimizing collisions with other UEs.
Differences between the data characteristics such as 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 (LCHs) that have critical requirements for transmitting on a particular grant-free scheme should trigger transmissions on that scheme. Note that the relative priorities of LCHs alone would not solve the collision issue, because even when there is no data from high priority LCHs, there would be nothing stopping the UE to transmit data from low priority LCHs on grant-free according to the baseline LCP procedure, potentially interfering with the transmissions from other UEs. The ability to restrict transmissions on grant-free resources provides network vendors with greater control on how grant-free resources are utilized.
In NR, a single MAC entity can support one or multiple numerologies and/or TTI durations and the combination of numerology and TTI duration determines how transmission is to be made on the physical layer, and a logical channel can be mapped to one or more numerologies and/or TTI durations[4]. In the last RAN2 meeting, the terminology of “numerology/TTI duration” has been provisionally replaced by “Sub-carrier spacing (SCS)/Time” [2]. 
There have been suggestions that LCH restrictions for SCS/Time combinations (“profiles”) could also handle the service (e.g. latency) requirements for grant-free transmissions: if a grant-free configuration is based on a specific SCS/Time profile (with certain periodicity), the LCHs that are allowed to use the SCS/Time profile by LCH restrictions (“Relevant LCHs”) could also use the grant-free scheme and therefore there is no need to introduce additional LCH restrictions based on the grant-free or dynamic grant mode of a transmission. However the problem with this approach is that, with the current LCH restrictions and the LCP procedure, the LCHs that are not desired to use the grant-free would be forced to to use a different SCS/Time profile than the one for grant-free. Forcing the network to configure additional SCS/Time profiles could have a potential impact on UE complexity and network capacity. 
Therefore, having separate LCH restrictions for grant-free and SCS/Time profiles provides more flexibility for both network deployments and UE implementations.
Observation 3: Having separate LCH restrictions for SCS/Time profiles and grant-free schemes provides more flexibility for network deployments and UE implementations.
Based on the above observations, we propose that LCH restrictions for configured grants should be supported.
Proposal 1: Logical channel restrictions for configured grants should be supported.
Proposal 2: Only logical channels that have critical requirements for transmitting on a particular configured grant scheme should trigger transmissions on that scheme.
3 Implementing LCH restrictions for grant-free in LCP
To implement the grant-free LCH restrictions, a set of “Permitted” logical channels can be defined :
Permitted LCHs: Data on these LCHs triggers the UE to transmit on configured grants. Note that this does not preclude transmitting data from these LCHs on dynamic grants. The Permitted LCHs should also have higher priority than other LCHs to make sure that they are served before other LCHs in LCP.

If the grant-free configuration is based on an existing SCS/Time profile with LCH restrictions, the Permitted LCHs will be a subset of Relevant LCHs for that profile.
The Permitted LCHs 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 Relevant LCHs that are allowed to use the SCS/Time profile of the grant-free scheme are considered to be permitted by the UE. 
Proposal 3: The network optionally configures a subset of logical channels that trigger the UE to transmit on a configured grant (“Permitted LCHs”), by RRC signalling. 
Proposal 4: If the configured grant scheme is based on an SCS/Time profile with LCH restrictions, the Permitted LCHs will be a subset of LCHs that are allowed to transmit on that SCS/Time profile (“Relevant LCHs”).
Proposal 5:  If the configuration for Permitted LCHs is not present, all Relevant LCHs are considered to be Permitted by the UE.
If the configuration for Permitted LCHs 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 LCH SDU(s) are present in the MAC PDU.

Note however that a MAC PDU containing only SDUs from Restricted LCHs and no MAC CEs will not be transmitted on a configured grant.
Proposal 6: A MAC PDU is transmitted on a configured grant only if MAC sub-PDU(s) containing SDU(s) from Permitted LCHs and/or MAC CEs are present in the MAC PDU.
Furthermore, there are two options for transmitting data from Relevant LCHs that are not in the Permitted set (“Restricted LCHs”), i.e. allowed to use the SCS/Time profile, but not grant-free:
1. Exclusive: Only data from Permitted LCHs are transmitted on grant-free, data from Restricted LCHs are never transmitted.
2. Non-exclusive: Only data from Permitted LCs trigger transmissions on grant-free, but after a transmission is triggered, data from Restricted LCHs can be transmitted (for example, if a small amount of data from a Permitted LCH triggers the transmission, the remaining space in the transport block can be used to transmit Restricted LCH data).

Option 2 (non-exclusive) is better for spectral efficiency (UE can transmit Restricted LCH data instead of padding if there is space in the MAC PDU after accomodating Permitted LCH data), therefore we propose to adopt this option.
Proposal 7: If a transmission on a configured grant is already triggered and there is remaining grant after accomodating data from Permitted LCHs, data from Relevant LCHs that are not in the Permitted set (“Restricted LCHs”) can be transmitted in the MAC PDU.
Figures 1 and 2 below illustrate some examples of MAC PDUs that will or will not be 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.
[image: ] 
[bookmark: _Ref477858260][bookmark: _Ref477858249]Figure 1: Examples of MAC PDUs that will be transmitted on configured grants
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[bookmark: _Ref489435299]Figure 2: Examples of MAC PDUs that will not be transmitted on configured grants
4 Conclusions
Observation 1: A low collision rate is an important performance target for contention based grant-free transmissions.
Observation 2: Avoiding grant-free transmissions for services where the use of grant-free resources is not essential, is beneficial for minimizing collisions with other UEs.
Observation 3: Having separate LCH restrictions for SCS/Time profiles and grant-free schemes provides more flexibility for network deployments and UE implementations.
Proposal 1: Logical channel restrictions for configured grants should be supported.
Proposal 2: Only logical channels that have critical requirements for transmitting on a particular configured grant scheme should trigger transmissions on that scheme.
Proposal 3: The network optionally configures a subset of logical channels that trigger the UE to transmit on a configured grant (“Permitted LCHs”), by RRC signalling. 
Proposal 4: If the configured grant scheme is based on an SCS/Time profile with LCH restrictions, the Permitted LCHs will be a subset of LCHs that are allowed to transmit on that SCS/Time profile (“Relevant LCHs”).
Proposal 5:  If the configuration for Permitted LCHs is not present, all Relevant LCHs are considered to be Permitted by the UE.
Proposal 6: A MAC PDU is transmitted on a configured grant only if MAC sub-PDU(s) containing SDU(s) from Permitted LCHs and/or MAC CEs are present in the MAC PDU.
Proposal 7: If a transmission on a configured grant is already triggered and there is remaining grant after accomodating data from Permitted LCHs, data from Relevant LCHs that are not in the Permitted set (“Restricted LCHs”) can be transmitted in the MAC PDU.
A Text Proposal for 38.321 v1.0.0 [5] 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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6 Annex: Text proposal for TS 38.321
[bookmark: _Toc491782010]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.
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 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: _Toc491782019]5.8.1	General
RRC configures the following parameters when Semi-Persistent Scheduling (SPS) is configured:
-	sps-C-RNTI: SPS C-RNTI;
-	sps-IntervalDL: Downlink SPS interval if SPS is configured for the downlink;
[bookmark: _GoBack]-	sps-IntervalUL: Uplink SPS interval if SPS is configured for the uplink;.
-	sps-PermittedLogicalChannels: The set of 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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