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Introduction
[bookmark: _Ref129681832]In the TSG-RAN#81 plenary meeting [1], the updated SID on NR industrial internet of things (IIOT) was approved with one of the objectives as below:
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):
i. different latency and reliability requirements
ii. 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.
In RAN2 #104 meeting, a few targeted Intra-UE prioritization/multiplexing scenarios were discussed and identified [2]. Among all these scenarios, scenario 1 is about intra-UE DL prioritization. 
· Scenario 1: Intra-UE DL Prioritization
This scenario considers a case where a UE has sequentially received two DL assignments with overlapping radio resources in time. RAN2 assumes that by the later DL assignment has priority over the earlier DL assignment, considering that in principle the gNB will only give an assignment that overlaps with previous assignment for higher priority traffic. Based on such assumption, RAN1 should study solutions for prioritizing later received DL assignments.
This contribution mainly provides our views on the RAN1 impacts coming from DL intra-UE prioritization and multiplexing.
DL Intra-UE prioritization
Out-of-Order HARQ for PDSCH
The section 5.1 of TS 38.214 [3] has the following description:
“For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the ending symbol of the first PDSCH with a PDCCH that does not end earlier than symbol i.”
However, as shown in Figure 1, if HARQ ID 0 is used for eMBB traffic and URLLC traffic arrives after the eMBB traffic using HARQ_ID 0, then the URLLC traffic with HARQ ID 1 has to be transmitted after the PDSCH for eMBB. However, the duration of the eMBB PDSCH will be probably up to 1ms which may be beyond the latency boundary of the URLLC packet, thus it may be not tolerable for URLLC traffic. Therefore, to ensure meeting the URLLC latency requirement, while avoiding the introduction of additional UE processing capabilities and additional UE implementation complexity, the eMBB PDSCH can be dropped.
 [image: ]
Figure 1. Out-of-Order HARQ for PDSCH not supported in Rel15
Another restriction is related to HARQ-A/N feedback timing. The section 5.1 of TS 38.214 [3] has the following description:
“The UE is not expected to receive a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and another PDSCH in slot after slot i with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.”
For some cases, the URLLC traffic might come after the eMBB PDSCH transmission, then the URLLC PDSCH using HARQ_ID 1 can be transmitted after the eMBB PDSCH using HARQ_ID 0 and the above agreement would not be violated. But according to the current HARQ-ACK operation, the URLLC HARQ feedback for the later PDSCH has to be delayed until the eMBB HARQ feedback has been sent, as shown in Figure 2. This may enforce a large feedback delay for the URLLC transmission, since the HARQ-A/N timing can be rather long for a previously scheduled eMBB PDSCH. This could then leave no time for a DL URLLC retransmission and consequently the initial DL URLLC transmission would need to apply a very conservative scheduling in order to meet the 1e-5 or 1e-6 BLER target within one-shot. This, in turn, could result in a very low system resource efficiency and UE blocking.
Based on the above discussion, it should be supported that the UE can send the HARQ-A/N for URLLC before the HARQ-A/N for eMBB, even if the eMBB PDSCH comes before the URLLC PDSCH. But to keep the eMBB feedback in this case, would definitely increase the UE implementation complexity and would need additional UE processing capability. The eMBB PDSCH and the corresponding ACK/NACK should be dropped in this case.
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Figure 2. Out-of-Order HARQ for HARQ-ACK not supported in Rel15
Proposal 1: The scheduling/HARQ scheduling enhancement for PDSCH should be considered in Rel-16 URLLC. The UE behavior would be defined as follows:
· For any two HARQ processes A and B for a given UE, if the scheduling DCI for eMBB PDSCH in HARQ process A comes before (in time) the scheduling DCI for URLLC PDSCH in process B, then for the Rel-16 UE capability
· UE should drop the eMBB PDSCH if it is scheduled such that URLLC PDSCH in HARQ process B is before the eMBB PDSCH in HARQ process A.
· For any two HARQ processes A and B for a given UE, if eMBB PDSCH in process A comes before (in time) URLLC PDSCH in process B, then for the Rel-16 UE capability
· UE should drop the HARQ-ACK for eMBB PDSCH if it is scheduled such that the HARQ-ACK for URLLC PDSCH in process B is before the HARQ-ACK for eMBB PDSCH in process A.
URLLC data handling in parallel DL receptions
Even with the scheduling restriction in Rel-15, when two continuous PDSCHs are scheduled to the same UE, there are some scheduling scenarios that the UE may not be able to handle. For example, assume PDSCH mapping type A with additional DMRS is configured. The duration for PDSCH D1 is 12 OS. The duration for the following PDSCH D2 is 4 OS. For this kind of scheduling, there would be a processing conflict at the UE side because the end of the processing for D1 is later than the beginning of the processing for D2 as shown in Figure 3.  The UE could delay the beginning of processing on D2 if the feedback for D2 would not be as tight as it is shown in Figure 3.
[image: ]
Figure 3. Parallel DL reception in one UE. Demodulation and Decoding of two PDSCHs occur simultaneously at the UE  
However, if the later PDSCH contains URLLC traffic which requires low latency, delaying the processing of D2 is not suitable. Thus, how to handle URLLC data for the case of parallel DL reception processing needs to be studied.
Observation 1: When reception processing of URLLC and eMBB data occurs simultaneously at the UE side, the processing conflict cannot be solved by delaying the URLLC data.
As concluded in the above discussion, the URLLC traffic cannot be delayed in the case of parallel DL reception processing. Thus, the UE needs to choose one traffic type to decode first. In the example shown in Figure 3 above, if D2 contains URLLC, it would need to be processed first. Considering that URLLC traffic requires higher reliability and lower latency than eMBB traffic, the UE should always firstly decode the URLLC traffic when parallel DL reception processing of URLLC and eMBB traffic occurs. In Rel-16, if URLLC/eMBB identification is introduced in the physical layer, such identification can be used to indicate the priority of different PDSCHs. In the RAN1 #93 meeting, it was agreed to use MCS-C-RNTI to indicate new MCS table which supports very high reliability transmission. The MCS-C-RNTI can also be considered to be used in the event of parallel URLLC/eMBB reception processing to identify URLLC traffic. 
Proposal 2: For Rel-16, URLLC traffic shall have higher priority than other traffic in the event of parallel reception processing.

PI enhancement
In 38.213, the UE behavior upon reception of PI is specified: “If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols, from a set of PRBs and a set of symbols of the last monitoring period, that are indicated by the DCI format.” Thus, a UE may disregard the whole indicated region. This implies that it also would flush out potential low latency traffic that was intended for itself. This PI flushing issue is left for UE’s implementation in Rel15.
In Rel-16, if URLLC/eMBB identification is introduced in the physical layer, then some DL PI enhancements can be considered. One enhancement is that the URLLC UE skips monitoring PI or just doesn’t flush its buffer. Another enhancement is the subsequent retransmission before HARQ-ACK, which is related to out-of-order HARQ operation.
In addition to physical layer URLLC/eMBB identification, other parameters could also be used to identify URLLC UEs, such as MCS-C-RNTI, SS, etc.
Proposal 3: For Rel-16, if URLLC/eMBB identification is introduced in physical layer, then some DL PI enhancements can be considered.

Conclusion
In this contribution, we provide our views on the design of the DL intra-UE prioritization and multiplexing of eMBB and URLLC. We have the following observations and proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The scheduling/HARQ scheduling enhancement for PDSCH should be considered in Rel-16 URLLC. The UE behavior would be defined as follows:
· For any two HARQ processes A and B for a given UE, if the scheduling DCI for eMBB PDSCH in HARQ process A comes before (in time) the scheduling DCI for URLLC PDSCH in process B, then for the Rel-16 UE capability
· UE should drop the eMBB PDSCH if it is scheduled such that URLLC PDSCH in HARQ process B is before the eMBB PDSCH in HARQ process A.
· For any two HARQ processes A and B for a given UE, if eMBB PDSCH in process A comes before (in time) URLLC PDSCH in process B, then for the Rel-16 UE capability
· [bookmark: _GoBack]UE should drop the HARQ-ACK for eMBB PDSCH if it is scheduled such that the HARQ-ACK for URLLC PDSCH in process B is before the HARQ-ACK for eMBB PDSCH in process A.
Observation 1: When reception processing of URLLC and eMBB data occurs simultaneously at the UE side, the processing conflict cannot be solved by delaying the URLLC data.
Proposal 2: For Rel-16, URLLC traffic shall have higher priority than other traffic in the event of parallel reception processing.
Proposal 3: For Rel-16, if URLLC/eMBB identification is introduced in physical layer, then some DL PI enhancements can be considered.
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