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Introduction
A work item on NR Industrial IoT was agreed in [1], with NR intra-UE prioritization as one of the main objectives:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].
· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].

Relevant past RAN1 and RAN2 agreements are in Appendix A.
This contribution addresses support for NR I-IoT UE capable of multiple services of different QoS requirements, with focus on remaining aspects for data-only intra-UE prioritization for overlapping PUSCHs and how to support priority level indication in LCP procedure.
Discussion
I-IoT devices support mixed traffic types of varying latency and reliability requirements, possibly concurrently for a given UE. A UE may have multiple uplink grants available for transmission of data, possibly each for traffic with different priority levels, which transmissions could overlap in the time domain.
Priority level indication
For intra-UE prioritization, the UE generates a single PDU on a prioritized grant when PUSCHs overlap and no PDU has been constructed. The MAC prioritizes the grant on which highest priority LCH is mapped, considering LCP restrictions and LCH priorities.
[bookmark: _Hlk24019192]When considering reliability of a transmission, R15 LCP restrictions lack the ability to restrict data from a certain service where a reliability level is required, provided PUSCH duration or numerology is not correlated with a reliability level. It is therefore beneficial to allow the gNB to dynamically indicate a priority/reliability level for a dynamic grant and signal a priority level for each configured grant (either by RRC or DCI), per RAN1 and RAN2 agreements. 
Our companion contribution details RRC configuration aspects related to supporting the priority level indication, in which configuration of the LCH to priority level mapping is addressed [3]. From the UE MAC’s perspective, for a new transmission, MAC would use the priority level indicated by the gNB for a given UL grant to determine which LCH(s) to consider when constructing the transport block. The mapping procedure would then be performed based on the configured UL grant priority level and the value indicated by the grant, which does not require the UE to have any additional knowledge of the underlying physical layer characteristics or the actual scheduling strategy from the gNB. 
In terms of LCH applicability, the LCH is either maps to the UL grant or it does not. If a LCH is configured with the priority level value that matches that of the grant, it’s applicable and it maps to the UL grant. For example, assuming that the scheduler considers LCH C for the transport of SRB x, LCH B for the transport of eMBB, and LCH A for transport of URLLC, the UE may receive the following LCH configurations:
LCH A: priority level = (0),		LCP priority = 1 
e.g. URLLC data will contends only on grants with indication 0 with highest priority;
LCH B: priority level = (1),		LCP priority = 3 
e.g. eMBB data contends only on grants with indication 1 with lowest priority;
LCH C: priority level = (0, 1),		LCP priority = 2 
e.g. SRB data contends on grants with indication 0, 1 with priority URLLC > SRB > eMBB

Proposal 1: 	The MAC entity multiplexes data only from LCH(s) configured with the priority level value matching the value associated with the UL grant.
RAN1 is currently discussing how to signal such priority level to the UE for a dynamic grant. From a MAC specification perspective, the HARQ Information provided from the PHY layer to the MAC can include a priority level value. A text proposal for TS 38.321 in Appendix B illustrates the modelling, including how to capture LCP restriction based on priority level indication.
Proposal 2: 	HARQ Information can include a priority level value for UL-SCH transmissions.
[bookmark: _Hlk24026481]Proposal 3: 	Agree to the TP in Appendix B for TS 38.321.

Remaining Details for data-data Intra-UE prioritization
The following editors’ notes are in rapporteur’s running CR for TS 38.321:
Editor’s Note: The priority value of uplink grant is FFS.
Editor’s Note: Priority determination considering data availability, logical channels, MAC CE and configuredGrantTimer is FFS.
Editor’s Note: Prioritization of resource conflicts between configured grants with the equal priority is FFS.
For the first two notes, the priority of the grant can be determined as the priority configured for the highest priority LCH with buffered data that maps to it, as suggested by the WI description [1].
Proposal 4: 	MAC prioritizes the grant on which highest priority LCH with buffered data is mapped, considering LCP restrictions and LCH priorities.
For conflicting configured grants of the same priority, it can be left to UE implementation which grant is prioritized.
Proposal 5: 	Prioritization of resource conflicts between configured grants with the equal priority is up to UE implementation.
[bookmark: _Ref524080280]Summary and Proposals
This contribution addresses enhancements for an NR I-IoT UE supporting multiple services of different QoS requirements, with focus on data-only intra-UE prioritization. RAN2 should discuss the above and agree to the following proposals:
Proposal 1: 	The MAC entity multiplexes data only from LCH(s) configured with the priority level value matching the value associated with the UL grant.
Proposal 2: 	HARQ Information can include a priority level value for UL-SCH transmissions.
Proposal 3: 	Agree to the TP in Appendix B for TS 38.321.
Proposal 4: 	MAC prioritizes the grant on which highest priority LCH with buffered data is mapped, considering LCP restrictions and LCH priorities.
Proposal 5: 	Prioritization of resource conflicts between configured grants with the equal priority is up to UE implementation.
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Appendix A: Relevant past agreements

In RAN2#105 (study item), the following was agreed: 
UE prioritization of a grant when there is at most one dynamic grant in the set of conflicting grants (scenario 2 and CG/CG collision) shall be addressed. MAC specifies currently the UE prioritization of such cases, and modifications to MAC would be required.
For cases when MAC prioritizes a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each LCH.

In RAN2#107, the following was agreed:
· same prioritization solution for CG vs CG conflict and CG vs DG conflict
· Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.
· LCP restriction enhancements for DG to take into account reliability is needed, details FFS. 
· no need to define UE processing time in MAC
· The same UE prioritization behaviour should be applied for resource conflicts between new transmissions or a new transmission and a retransmission.
· RAN2 assumes that MAC PDU recovery method in grant prioritization could be reused for PUSCH vs SR conflict.
· The case of highest priorities of two conflicting grants are equal is handled according to the following: for CG DG conflict, DG is prioritized, other cases FFS to what extent to specify.
· For The case when no PDU has been generated at all yet, and there is two grants where one will be de-prioritized (and there is data available for both grants).  One PDU is generated

In RAN2#107bis, the following was further agreed:
· R2 think it would be useful to introduce a new LCP restriction in the following way: The DCI that is scheduling PUSCH may include a specific indication. LCH configuration in RRC contains information on whether the LCH can utilize grant with this indication or not. R2 intends that this mechanism can be used to differentiate grants for traffic that requires high reliability.

In RAN1#98bis, the following was agreed on priority determination in PHY:
Agreements:
2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.


Agreements:
2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats

Agreements:
For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).
· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.
· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· FFS details of dropping behavior.
· FFS details of processing timeline issues, e.g.
· How to handle the case where the timeline condition is not satisfied.
· Necessity of a new timeline.

[bookmark: _GoBack]Appendix B: Text proposal for TS 38.321 v 15.7.0
<Start text proposal, using TS 38.321 v 15.7.0 as baseline>
[bookmark: _Hlk24025345][Unchanged text not included]
[bookmark: _Toc20428254]3.1	Definitions
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
HARQ information: HARQ information for DL-SCH or for UL-SCH transmissions consists of New Data Indicator (NDI), Transport Block size (TBS), Redundancy Version (RV), and HARQ process ID. For UL-SCH transmissions, HARQ information can include a priority level value for UEs configured by upper layers with at least one logical channel with one or more priority level values.
[Unchanged text not included]

[bookmark: _Toc20428293]5.4.3	Multiplexing and assembly
[bookmark: _Toc20428294]5.4.3.1	Logical Channel Prioritization
[bookmark: _Toc20428295]5.4.3.1.1	General
The Logical Channel Prioritization (LCP) 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).
RRC additionally controls the LCP procedure by configuring mapping restrictions for each logical channel:
-	allowedSCS-List which sets the allowed Subcarrier Spacing(s) for transmission;
-	maxPUSCH-Duration which sets the maximum PUSCH duration allowed for transmission;
-	configuredGrantType1Allowed which sets whether a configured grant Type 1 can be used for transmission;
-	allowedServingCells which sets the allowed cell(s) for transmission.
-	allowedPriorityLevels which sets the allowed priority level value(s) for transmission;
The following UE variable is used for the Logical channel prioritization procedure:
-	Bj which is maintained for each logical channel j.
The MAC entity shall initialize Bj of the logical channel to zero when the logical channel is established.
For each logical channel j, the MAC entity shall:
1>	increment Bj by the product PBR × T before every instance of the LCP procedure, where T is the time elapsed since Bj was last incremented;
1>	if the value of Bj is greater than the bucket size (i.e. PBR × BSD):
2>	set Bj to the bucket size.
NOTE:	The exact moment(s) when the UE updates Bj between LCP procedures is up to UE implementation, as long as Bj is up to date at the time when a grant is processed by LCP.
[bookmark: _Toc20428296]5.4.3.1.2	Selection of logical channels
The MAC entity shall, when a new transmission is performed:
1>	select the logical channels for each UL grant that satisfy all the following conditions:
2>	the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and
2>	maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and
2>	configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and
2>	allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) for which PDCP duplication is deactivated.
2> allowedPriorityLevels, if configured, includes the priority level value associated with the UL grant.
NOTE:	The Subcarrier Spacing index, PUSCH transmission duration and Cell information are included in Uplink transmission information received from lower layers for the corresponding scheduled uplink transmission.
[bookmark: _Toc20428297]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 as follows:
2>	logical channels selected in clause 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>	decrement Bj by the total size of MAC SDUs served to logical channel j above;
2>	if any resources remain, all the logical channels selected in clause 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.
NOTE:	The value of Bj can be negative.
If the MAC entity is requested to simultaneously transmit multiple MAC PDUs, or if the MAC entity receives the multiple UL grants within one or more coinciding PDCCH occasions (i.e. on different Serving Cells), it is up to UE implementation in which order the grants are processed.
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 a UL grant size that is equal to or larger than 8 bytes while having data available and allowed (according to clause 5.4.3.1) for transmission, the MAC entity shall not transmit only padding BSR and/or padding.
The MAC entity shall not generate a MAC PDU for the HARQ entity if the following conditions are satisfied:
-	the MAC entity is configured with skipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant; and
-	there is no aperiodic CSI requested for this PUSCH transmission as specified in TS 38.212 [9]; and
-	the MAC PDU includes zero MAC SDUs; and
-	the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR.
Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-	C-RNTI MAC CE or data from UL-CCCH;
-	Configured Grant Confirmation MAC CE;
-	MAC CE for BSR, with exception of BSR included for padding;
-	Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC CE for Recommended bit rate query;
-	MAC CE for BSR included for padding.
[bookmark: _Toc20428298]5.4.3.2	Multiplexing of MAC Control Elements and MAC SDUs
The MAC entity shall multiplex MAC CEs and MAC SDUs in a MAC PDU according to clauses 5.4.3.1 and 6.1.2.

[Unchanged text not included]

