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1. [bookmark: _Ref525302579]Introduction
In RAN#81 meeting, the study item named NR-IIoT NR (Industrial Internet of Things) [1] was approved. One of the objectives in the study item description is:
	0. [bookmark: _Hlk523733459]UL/DL intra-UE prioritization/multiplexing, i.e. prioritization (for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels and considering (RAN2/RAN1):
0. different latency and reliability requirements
0. Different types of resource allocation for example grant-free and grant-based allocations
Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.



This document focuses on the UL intra-UE prioritization/multiplexing and our analysis is provided.
2. Discussion
2.1 DL Intra-UE Prioritization/Multiplexing
In Release 15, DL inter- and intra-UE prioritization/multiplexing function has been studied and data transmission with shorter duration than one slot is supported. The transmission duration for PDSCH can be 2, 4, and 7 symbols thus providing latency gains. The transmission can start in any symbol in a slot. And when new data arrives for a non-deterministic service which requires stringent latency requirement, it can override an on-going DL transmission to another UE which has no (or less) strict latency requirement and which is configured to support downlink pre-emption. The overridden UE detects the downlink pre-emption by receiving PDCCH scrambled with INT-RNTI. 
However, intra-UE pre-emption is not supported in Release 15, meaning scheduling overlapping eMBB and URLLC data transmission in the same slot for the same UE is not supported. This restriction could be released though by allowing a UE to receive a dynamic scheduling of a DL SCH overriding an earlier dynamic assignment in the same slot. This would reduce the latency for the URLLC transmission. The first basic specification change in RAN2 (FFS RAN1 impact) is that a dynamic assignment received on PDCCH can override a previous dynamic assignment.
As DL pre-emption is already supported in RAN1 amongst different UEs, it is expected that the existing pre-emption procedure can be re-used in L1, and even simplified since no INT-RNTI is needed for the same UE as the overriding PDCCH plays the same role.
Therefore, it is proposed that:
Proposal 1: A dynamic DL assignment received on PDCCH can override a previously scheduled assignment on overlapping resources.
2.2 UL Intra-UE Prioritization/Multiplexing
The UL intra-UE prioritization/multiplexing function involves PUCCH priorities and PUSCH priorities handling between different traffic. Besides, different scheduling schemes, i.e. dynamic scheduling and configured grant prioritization handling should be taken into consideration.
2.2.1 Priority handling between dynamic grants
Similar to the DL case, intra-UE UL pre-emption can be very useful in enabling the network to schedule an UL transmission overriding an already scheduled – but lower-priority - PUSCH transmission in response e.g. to a scheduling request triggered by an URLLC (non-deterministic) service. And similarly, it reduces to allowing a dynamic UL grant to override a previous dynamic UL grant on overlapping resources. And this case is also simpler than the inter-UE case since it is the same UE hence there are no issues related to potential different processing capabilities (for processing the interruption) of different UEs.
Therefore, it is proposed that:
Proposal 2: A dynamic UL grant received on PDCCH can override a previously scheduled grant on overlapping resources.
2.2.2 Priority Handling for SRs
The network can schedule the traffic for IIOT more efficiently if the network is aware of which logical channel triggers the SR. In NR MAC, different SR configurations are used to notify the SR type. For example, for logical channels carrying the most stringent IIOT services, the SR may be configured with shorter SR period and shorter PUCCH duration. The network will figure out what kind of logical channels trigger the SR. 
Thus, optimizations on SR priority are not seen needed.
Proposal 3: Further study on SR priority handling between different logical channels is not needed in RAN2.
2.2.3 Priority Handling between SR and PUSCH
In Release 15, the SR will be delayed to the next opportunity if the PUCCH collides with an on-going PUSCH transmission, even though the SR might be triggered by a logical channel with high latency requirement, for example URLLC. One possible consequence is that this may have bad impact on the latency performance of this service. This is getting worse considering that the PUSCH is unlikely to carry the BSR that triggered the SR, otherwise the SR wouldn’t have been triggered. Therefore it is proposed to study ways to increase the flexibility in handling collision between PUSCH and SR, allowing in some cases the SR to take priority over the PUSCH transmission.
Proposal 4: RAN2 will study means to increase the flexibility in handling collision between SR and PUSCH, for example, allowing the SR transmission to take priority over PUSCH in some cases.
2.2.4 Priority between Dynamic Grant and Configured Grant
One key new requirement from IIoT TSN networks is the need to support deterministic and periodic transmissions with high reliability and accurate time windows. Such services are expected to be well addressed by the configured grant mechanism design for NR. In R15, it was agreed that dynamic grant was prioritized over configured grant. The consequence is that for a service mapped (by LCP) onto configured grants which require extremely low latency, this rule will introduce great impact on the IIOT performance. This is illustrated in Figure 1:  a logical channel carrying URLLC service is LCP-configured with short PUSCH duration for its stringent latency requirement and another logical channel for eMBB is LCP-configured with long PUSCH duration. When the dynamic grant collides with configured grants, the configured grant is skipped. And since the PUSCH duration of the dynamic grant doesn’t satisfy LCP restriction of the URLLC logical channel, the packets from that logical channel will not be multiplexed into the dynamic grant. The packets have to be sent after the dynamic grant which unavoidably causes delay to the URLLC UL transmission.


Figure 1 Configured Grant transmission will be postponed when colliding with dynamic grant
In another case, even if the PUSCH duration of the dynamic grant can be used for IIOT transmission, in order to satisfy the high reliability for IIOT, conservative MCS may be used in dynamic grant. This will require large bandwidth for eMBB transmission. It will cause low resource utilization. This also introduces inflexibility to the scheduling.
As a result, always prioritizing dynamic grant over configured grant is not sufficient for addressing IIoT requirements, and further studies are needed.
Proposal 5: Further studies are needed on prioritizing configured grant over dynamic grant.
2.2.5 Priority between MAC CE and IIOT user data
According to the current specification, it can be seen that:
· The BSR MAC CE except padding BSR has higher priority than the data from any logical channel, except data from UL-CCCH.
· The PHR MAC CE has higher priority than the data from any logical channel, except data from UL-CCCH.
If the length of the MAC CE, i.e. BSR and PHR is large, this will impact the transmission for URLLC. For example, when one uplink grant is received, the MAC CE is assembled firstly, and the remaining TB size is not enough for the urgent IIOT packet. Then the segmentation happens for IIOT packet which incurs delaying to the next uplink transmission opportunity the transmission of the complete packet, e.g. a sensor measurement.
Therefore, it is proposed that:
Proposal 6: RAN2 will study means to increase the flexibility in handling priority between MAC CE and user data when assembling a MAC PDU.
3. Conclusion
In this document, the issues on DL/UL intra-UE priority/multiplexing are discussed, and it is proposed that:
Proposal 1: A dynamic DL assignment received on PDCCH can override a previously scheduled assignment on overlapping resources.
Proposal 2: A dynamic UL grant received on PDCCH can override a previously scheduled grant on overlapping resources.
Proposal 3: Further study on SR priority handling between different logical channels is not needed in RAN2.
Proposal 4: RAN2 will study means to increase the flexibility in handling collision between SR and PUSCH, for example, allowing the SR transmission to take priority over PUSCH in some cases.
[bookmark: _GoBack]Proposal 5: Further studies are needed on prioritizing configured grant over dynamic grant.
Proposal 6: RAN2 will study means to increase the flexibility in handling priority between MAC CE and user data when assembling a MAC PDU.
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