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Introduction
In RAN #81, an updated SID “Study on NR Industrial Internet of Things (IoT)” was approved [1]. The objective of the SI includes the following:
1. [bookmark: _GoBack]L2/L3 enhancements:
b) [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.

As an outcome of their initial study, RAN2 sent an LS to RAN1 in the last meeting, where 5 prioritized scenarios and 2 additional scenarios for intra-UE prioritization and multiplexing in which RAN1 should be involved are listed [2]. In this contribution, we discuss physical layer aspects of intra-UE multiplexing in DL. We provide our view on Scenario 1 (the only DL case) and suggest to consider additional scenarios not listed in the LS.

Discussion
According to the SID [1], both data and control channels and different types of scheduling grant are planned to be studied. Therefore, many combinations of channels have possibility to be collided. In this section, the following cases in DL are discussed:
· Dynamic grant PDSCH vs. dynamic grant PDSCH (Scenario 1 in [2])
· Dynamic grant PDSCH vs. PDCCH candidate
· PDCCH candidate vs. PDCCH candidate

Dynamic grant PDSCH vs. dynamic grant PDSCH
Two PDSCHs scheduled by the DL assignment can overlap if one is for eMBB and the other is for URLLC due to different transmission durations and different scheduling timing. For their prioritization, one basic approach is UE just relies on the scheduler (gNB higher layer) decision (Alt. 1). The corresponding RAN1 impact is to specify UE behaviour such that a later received DL assignment overrides a previous one if corresponding two PDSCHs collide in time. Considering possibility of different durations between DCIs, the first symbol of the DCI can be used as the reference for the timing definition. According to this approach, UE can successfully receive a later scheduled PDSCH (for URLLC) as drawn in Fig. 1.
Another approach is to notify the physical layer of the transmission priority of the scheduled channels (Alt. 2). In case of dynamic scheduling, the priority can be delivered to UE physical layer through the DCI, for example, using multiple C-RNTIs or multiple DCI formats/sizes having different priorities. Then, which channel to be taken at UE can be decided based on the priority comparison after PDCCH blind decodes (BDs).
Observation 1: For multiplexing of two dynamic grant-based PDSCHs, the priority can be delivered to UE by scheduling timing, payload size or RNTI of scheduling DCI.


Fig. 1. Multiplexing of two dynamic grant PDSCHs

Both alternatives would work in this scenario at least from RAN1 perspective. An advantage of Alt. 1 is its minimal (expected) specification impact. While, Alt. 2 may provide additional scheduling flexibility. Some examples are shown in Fig. 2. Fig. 2(a) is a case where eMBB DCI and URLLC DCI have the same reception timing, and their corresponding PDSCHs overlap. In this case, URLLC PDSCH can still be prioritized using Alt. 2 as it is irrelevant to the scheduling timing. Fig. 2(b) shows another case where two eMBB PDSCHs sharing the same set of symbols are simultaneously transmitted to a UE. According to Alt. 1, the earlier scheduled PDSCH (eMBB-1 PDSCH in the figure) may be cancelled by the later DCI (eMBB-2 DCI in the figure) depending on UE’s PDSCH processing capability. But using Alt. 2 gNB can decide whether or not to cancel the old PDSCH overlapping with the recent one by properly choosing their DCI formats or RNTIs. The examples may not be a usual situation since in this case there is always a possibility that gNB can simply orthogonalize the PDSCH resources in time. However, it is believed that Alt. 2 is closer to a future proof solution considering potential extension to supporting more than two service types in the future. In the LS, RAN2 seems already assume Alt. 1 for this scenario (Scenario 1), but at the same time they mention other possibilities in the PUSCH-PUSCH case (Scenario 3). We think a single mechanism is enough for the two scenarios.
Observation 2: For multiplexing of two dynamic grant-based PDSCHs (and dynamic grant-based PUSCHs), explicit L1 indication of the priority is a more future-proof design than the scheduling timing-based prioritization.



Fig. 2. Other examples for PDSCH-to-PDSCH multiplexing


Dynamic grant PDSCH vs. PDCCH candidate
Due to tight U-plane latency requirement, the PDCCH monitoring occasion for URLLC should frequently occur when the traffic is Poisson distributed. For example, for a search space for URLLC scheduling, 2 and 4 symbol monitoring periodicity may be required with 15 kHz and 30 kHz subcarrier spacing, respectively. This means that a URLLC search space can occupy a very large portion of overall resource.
If the gNB schedules eMBB PDSCH orthogonal to the URLLC search space, most of the CORESET resources could be wasted if the URLLC traffic is aperiodic and sporadic, which is a usual case where dynamic grant-based scheduling is applied. Hence, it is desirable that CORESET resource can be utilized to transmit PDSCH when there is no PDCCH. One potential solution is to allow UE to perform PDCCH monitoring on a PDCCH candidate which is overlapped with scheduled PDSCH (shown in Fig. 3). If UE successfully detects a PDCCH in the PDCCH candidate, then UE can receive the PDCCH (assuming that the PDCCH pre-empts the PDSCH). If UE fails to detect a PDCCH in the PDCCH candidate, then UE receives the PDSCH as scheduled. This approach enables gNB to dynamically choose which channel to allocate on the overlapped resource.



Fig. 3. Collision between a dynamic grant PDSCH and a PDCCH candidate

In RAN1 #95, it was concluded in the NR maintenance session that the current Rel-15 specification already supports the relevant UE behaviour as the following:
Conclusion (RAN1 #95):
· For the issue discussed in Section 2.4 in R1-183937, it is understood that such a case is a valid operation. However, there are no intended performance requirements on the UE side for PDSCH1 from RAN1 perspective
· No spec update is necessary
· Note: This conclusion has no impact on DCI dropping due to QCL TYPE-D collision

However, the specification itself seems still unclear whether the aforementioned multiplexing operation is allowed or not. Thus, our preference is to update the specification to clarify that UE performs BD of a PDCCH candidate which is overlapped with a scheduled PDSCH (and honors the PDCCH if it is detected).
Both Alt. 1 and Alt. 2 are applicable in this scenario as well. For example, if the URLLC PDCCH candidate occurs later than the DCI that scheduled the eMBB PDSCH, then UE can monitor and process the PDCCH (Alt. 1). Or, UE can perform the same thing if the DCI format or the RNTI of the URLLC PDCCH candidate has higher priority than that of the eMBB PDSCH (Alt. 2).
Observation 3: Within a UE, dynamic grant PDSCH (for eMBB) and CORESET (for URLLC) can dynamically share the time-frequency resource by overlapping the two resources.
Proposal 1: Study the following case as an additional DL intra-UE multiplexing scenario: collision between a dynamic grant-based PDSCH and a PDCCH candidate.
Proposal 2: To clarify in the specification that UE performs BD of a PDCCH candidate which is overlapped with a scheduled PDSCH.

PDCCH candidate vs. PDCCH candidate
At the transmitter side, collision between two NR PDCCHs in both time and frequency would not happen. Therefore, basically priority between PDCCHs may not be defined. Meanwhile, at the receiver, PDCCH false alarm may occur, in which case UE may detect multiple PDCCHs whose resources collide. In NR, the PDCCH false alarm rate is around 1E-6 which is sufficiently low not to affect the target URLLC reliability in Rel-16. Thus, there seems no urgent need of treating this case. The need may arise if more stringent scenarios and requirements for URLLC such as those (being) specified in 3GPP SA1 are additionally considered in the future.
Observation 4: Collision of multiple PDCCHs can happen by PDCCH false alarm. There seems no urgent need of treating this case.

Conclusion
In this contribution, we provide our view on physical layer aspects on intra-UE prioritization and multiplexing in DL. Our observations are as follows:
Observation 1: For multiplexing of two dynamic grant-based PDSCHs, the priority can be delivered to UE by scheduling timing, payload size or RNTI of scheduling DCI.
Observation 2: For multiplexing of two dynamic grant-based PDSCHs (and dynamic grant-based PUSCHs), explicit L1 indication of the priority is a more future-proof design than the scheduling timing-based prioritization.
Observation 3: Within a UE, dynamic grant PDSCH (for eMBB) and CORESET (for URLLC) can dynamically share the time-frequency resource by overlapping the two resources.
Observation 4: Collision of multiple PDCCHs can happen by PDCCH false alarm. There seems no urgent need of treating this case.

From the observations, the following proposals are drawn:
Proposal 1: Study the following case as an additional DL intra-UE multiplexing scenario: collision between a dynamic grant-based PDSCH and a PDCCH candidate.
Proposal 2: To clarify in the specification that UE performs BD of a PDCCH candidate which is overlapped with a scheduled PDSCH.
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