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1. Introduction

Triggered by RAN2 income LS [1], how to treat the scenarios listed in this LS was discussed in RAN1#AH1901 meeting [2]. As a conclusion, companies were encouraged to analyze the necessity or prioritization of the 7 scenarios in R16 RAN1 studies [3].
Companies are encouraged to perform additional analysis for the 7 scenarios in RAN2 LS w.r.t. intra-UE multiplexing, particularly w.r.t. whether or not some or all scenarios are necessary to be done from RAN1 perspective (including potential prioritization among the 7 scenarios), and if so, potential solutions. 
In this paper, we will develop an analysis on the prioritization of the 7 scenarios, and discuss the potential solutions to the key scenarios.
2. Prioritization of the intra-UE multiplexing scenarios
In the incoming LS from RAN2 [1], 7 intra-UE multiplexing scenarios potentially requiring RAN1 study were listed.

· Scenarios RAN2 requests RAN1 to study:

· Scenario 1: Intra-UE DL Prioritization

· Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant

· Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
· Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel

· Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel

· Scenarios RAN2 suggests RAN1 to consider to study:

· Scenario 6: Intra-UE UL Prioritization – CA-based Concurrent Transmission with Power Limitation

· Scenario 7: Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities

Firstly, the primary target of R16 eURLLC SI/WI is to support a efficient URLLC-only service. Supporting URLLC/eMBB multiplexing is the secondary target. As one of the three major use cases of IMT-2020, URLLC is firstly tasked to leverage “critical MTC” services, e.g. industrial IoT and transportation service. In these use cases, we can focus on the URLLC-only UEs, i.e. a UE only operates URLLC applications. 
In this sense, Scenario 5 should be treated with the highest priority. Multiplexing/prioritization between UCI and UL data was studied in R15, and some mechanisms have been specified in R15 NR specifications. However, these mechanisms are not suitable for URLLC services, and needs to be revisited/optimized.
Scenario 4 should also be treated with the highest priority. Even for URLLC-only UEs, different types of UCIs are inevitably overlapping in some cases. Some mechanisms were specified in R15. But they cannot well guarantee the latency and reliability requirements simultaneously.
With prioritizing the two scenarios, URLLC/eMBB multiplexing issues can also be addressed. For Scenario 4, the case URLLC UCI and eMBB UCI conflict can be studied. For Scenario 5, the case URLLC UCI conflicts with eMBB data and URLLC data conflicts with eMBB UCI can be studied. It should be noted that in RAN1#AH1901, it has been agreed that two HARQ-ACK codebooks can be simultaneously constructed for different service types for a UE. For completing the work for the agreement, study on Scenario 4 is anyway needed.
Agreements:

· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE

· FFS more details (including procedures when applicable)

· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both

· FFS more than 2

· FFS whether or not CBG configuration is supported for Rel-16 URLLC

Scenario 1, 2, 3 should be treated as the second priority in our views. The three scenarios address the URLLC+eMBB UEs, e.g. smart phone runing VR/AR applications. If the R16 eURLLC SI/WI can provide sufficient capacity, the three scenarios can be studied/specified. In case of no sufficient TUs, the three scenarios can be left to next release for further enhancements. Among the three, Scenario 1 seems a little bit more necessary than the other two. Even for the URLLC-only UEs, gNB may schedules PDSCH with different K0 values. The case where two PDSCHs are overlapping in time domain should be considered. In general, the PDSCH scheduled by the latter PDCCH is more critical from gNB perspective. A prioritization mechanism should be supported to guarantee the more critical URLLC traffic. Or, if the URLLC UE has a stronger capability, the two PDSCHs should be received simultaneously because they are both URLLC traffics.
Scenario 6, 7 can be treated in future releases, from our perspective, because they are related to further performance optimizations
Proposal 1: Among the 7 UL/DL Intra-UE Prioritization/Multiplexing scenarios,
· Scenario 4 and 5 are treated with the highest priority and target to be completed in R16.

· Scenario 1, 2 and 3 are treated with the second priority. Whether to be completed in R16 depends on the eURLLC SI/WI TUs.

· Scenario 6 and 7 are treated in future releases.

3. Solutions to key scenarios
3.1. Scenario 4: Resource Conflict between Control Channel and Control Channel
· Case 1: SR and long PUCCH
One case is collision between SR and long PUCCH. In Rel-15, an ongoing uplink channel cannot be stopped. If the same principle is used in Rel-16 URLLC, the latency of SR for URLLC will be not acceptable. One example is shown in Figure 1, when URLLC data is arriving during the transmission time of a 14-symbol PUCCH, if SR cannot be transmitted until the end of the long PUCCH, only the SR latency will be close to 1ms.
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Figure 1: Large transmission latency of SR

In order to satisfy the latency requirement of URLLC, SR should be transmitted with a higher priority when SR triggered by URLLC overlaps with a long PUCCH. For example, short-periodicity SR is independently transmitted if SR is positive when SR triggered by URLLC collides with long PUCCH. The overlapped long PUCCH can be stopped or transmitted simultaneously.
Proposal 2: When SR triggered by URLLC collides with long PUCCH, only SR is transmitted if SR is positive or both SR and long PUCCH are transmitted simultaneously.

· Case 2: HARQ-ACK for URLLC and eMBB

Since both the requirements of latency and reliability are different for URLLC and eMBB, independent transmission of HARQ-ACK bits corresponding to URLLC and eMBB can be identified as beneficial. And HARQ-ACK corresponding to URLLC should have higher priority than HARQ-ACK corresponding to eMBB. However, how to determine the HARQ-ACK bits refer to URLLC or eMBB is an essential issue.  DCI format, new RNTI and direct identification of URLLC services can be considered to distinguish the transmission for URLLC [4].

In RAN1 Ad-Hoc Meeting 1901, it was agreed that “at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE”. Considering UE implementation complexity, we suggest that at most 2 HARQ-ACK codebooks can be simultaneously constructed, i.e. one codebook is for eMBB transmission, and another one is for URLLC. Multiple HARQ-ACK codebooks for URLLC can be constructed in one slot by TDM manner.
Once a PUCCH for URLLC HARQ-ACK overlapped with a PUCCH for eMBB HARQ-ACK, the following enhancements to solve the collision between multiple UL channels can be considered:
· Method 1: URLLC transmission and eMBB transmission can be multiplexed into one channel if the multiplexing conditions are satisfied. However, Rel-15 conditions for multiplexing of uplink channels may need to be enhanced. Furthermore, although it was agreed that multiple PUCCHs can be transmitted in one slot for Rel-16 URLLC, to avoid lower efficiency of UCI transmission, we propose that at most one PUCCH is used to transmit eMBB HARQ-ACKs in one slot. 
· Method 2: PUCCH for eMBB can be stopped by the PUCCH for URLLC.

· Method 3: HARQ timing for eMBB can be overridden by the later DL grant(s). The main problem of this method is how to determine the later indication is used to override the previous timing or schedule a new separated PUCCH. One example is the later grant with continuous C-DAI is used to reset the HARQ timing, as shown in Figure 2. 
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Figure 2: HARQ timing is overridden by later DL grant(s)

Proposal 3: HARQ-ACK corresponding to URLLC and eMBB should be independently transmitted, and HARQ-ACK corresponding to URLLC has higher priority.
Proposal 4: At most 2 HARQ-ACK codebooks can be simultaneously constructed. Multiple HARQ-ACK codebooks for URLLC can be constructed in one slot by TDM manner.
Proposal 5: In one slot, at most one PUCCH is used to transmit eMBB HARQ-ACK.
3.2. Scenario 5: Resource Conflict between Control Channel and Data Channel
· Case 1: SR and long PUSCH

To reduce uplink transmission latency, short-periodicity SR and multiple SR configurations were specified in Rel15. However, when shorter-periodicity SR collides with long uplink channel, decoding time of SR lengthens due to shorter-periodicity SR is multiplexed in long uplink channel.
One case is collision between SR and long PUSCH, as shown in Figure 2. When SR is triggered by URLLC prior to MAC PDU transmission, the SR will be cancelled and BSR for URLLC will be included in long PUSCH, then decoding time of SR will be lengthened, even cannot meet URLLC delay requirement. Therefore, when SR triggered by URLLC collides with long PUSCH, SR triggered by URLLC should be transmitted independently. For example, only short-periodicity SR is transmitted if SR is positive or both short-periodicity SR and PUSCH are transmitted simultaneously when SR triggered by URLLC collides with long PUSCH.
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Figure 3: Collision between SR and long PUSCH
· Case 2: PUCCH for eMBB HARQ-ACK collides with URLLC PUSCH
As discussed in [5], when PUCCH for eMBB HARQ-ACK collides with URLLC PUSCH, the following methods should be considered to take account of both reliability and efficiency:

1) Alt. I: Beta offset smaller than 1.0. This method is mainly used to improve the transmission efficiency, when the requirement of eMBB UCI is lower than URLLC PUSCH. The coding rate of UCI can be higher than PUSCH. Furthermore, if beta offset is indicated as 0.0, UCI cannot be multiplexed in PUSCH.

2) Alt. II: eMBB PUCCH can be canceled/stopped by URLLC PUSCH.
For this alternative, if eMBB HARQ-ACK transmission is directly canceled or dropped by URLLC transmission, there will be significant loss of system efficiency caused by retransmission of multiple eMBB PDSCHs. Therefore, if cancelation of eMBB HARQ-ACK transmission is supported, enhancements to retransmit the canceled HARQ-ACK feedback should be considered. 

· Alt. A: The canceled HARQ-ACK is transmitted on a new PUCCH resource which has a fixed time offset with the URLLC PUSCH.

· Alt. B: A new PUCCH resource is indicated in the UL grant for URLLC PUSCH.
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Figure 4: Enhancements to retransmit the canceled HARQ-ACK feedback

· Case 3：PUCCH for URLLC HARQ-ACK collides with PUSCH
In NR Rel-15, after a UL grant scheduling PUSCH in slot n, a DL grant, corresponding HARQ-ACK transmission on slot n, cannot be scheduled. Such restrictions are due to not only UE processing capability but also HARQ-ACK feedback scheme in Rel-15. However, to satisfy the latency requirement of URLLC, the limitations on scheduling and HARQ-ACK feedback in NR Rel-15 should be released. The following options can be further studied to solve the collision between PUCCH for URLLC HARQ-ACK and PUSCH:
1) Alt. 1: PUCCH for URLLC HARQ-ACK scheduled by later DCI can cancel/stop the PUSCH scheduled by previous DCI
2) Alt. 2: If UE can distinguish the URLLC and eMBB transmission, URLLC HARQ-ACK bits corresponding to URLLC should puncture the PUSCH.
3) Alt. 3: If UE cannot distinguish the URLLC and eMBB transmission, HARQ-ACK bits corresponding to PDSCH(s) after the UL grant should puncture the PUSCH.
Proposal 6: When SR triggered by URLLC collides with long PUSCH, only SR is transmitted if SR is positive or both SR and long PUSCH are transmitted simultaneously.
Proposal 7: Enhancements to solve the collision of PUCCH for eMBB HARQ-ACK and URLLC PUSCH should be supported.

Proposal 8: PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.
3.3. Scenario 1: DL Prioritization
· Case 1: Multiple dynamic grants
In case, there are three issues to be considered: decoding capability, HARQ-ACK codebook and preemption signaling.

For decoding capability, if a UE supports the decoding of more than one PDSCHs overlapping in time, the UE can decode both simultaneously. Otherwise, the UE cannot decode both simultaneously and prioritization between the two PDSCHs is necessary, we prefer that transmission scheduled by latest DL grant is higher priority.

For HARQ-ACK codebook, HARQ-ACKs for overlapped time domain resources should be feedback separately. It was agreed that two HARQ-ACK codebooks can be simultaneously constructed, which can be a starting point.

For preemption signaling, UE may receive DL preemption and DL grant for URLLC simultaneously, and resource indicated by DL preemption and resource indicated by DL grant is overlapped. It is reasonable to receive and decode data scheduled by DL grant independently.

Proposal 9: For DL prioritization, decoding capability, HARQ-ACK codebook and preemption signaling should be considered.
3.4. Scenario 2: Resource Conflict between Configured and Dynamic Grant
· Case 1: Configured grant and dynamic Grant

In uplink transmission, grant-based and grant-free transmissions were specified in NR. Grant-free resource is configured semi-statically and used dynamically. In some cases, utilization of grant-free resource is not predicted. So grant-based resource, which is scheduled by eNB dynamically, may collide with grant-free resource in time domain, even in frequency domain. In Rel15, grant-based transmission prioritizes grant-free transmission. However, grant-free resource may be configured for URLLC and grant-based resource may be longer duration, which is not suitable for URLLC. So grant-based transmission does not always prioritize grant-free transmission and it’s better to choose resource according to traffic requirement and resource configuration, e.g TTI length and/or resource priority.
Proposal 10: Grant-based transmission does not always prioritize grant-free transmission and it’s better to choose resource according to traffic requirement and resource configuration.
3.5. Scenario 3: Resource Conflict between Dynamic Grants
· Case 1: Multiple dynamic grants
In addition, multiple grant-based resources, which are overlapped in time domain, may be scheduled for eMBB and URLLC transmission separately. For example, when eMBB is transmitted, URLLC traffic arrives. Then URLLC can be scheduled during eMBB transmission to reduce latency. In this case, Resource scheduled by latest UL grant has higher priority due to latest schedule is decided by eNB to tradeoff collision issues and transmission priority.
Proposal 11: Resource scheduled by latest UL grant is higher priority.

4. Conclusions
Based on the analysis on the 7 UL/DL Intra-UE Prioritization/Multiplexing scenarios, followings are proposed:

Proposal 1: Among the 7 UL/DL Intra-UE Prioritization/Multiplexing scenarios,

· Scenario 4 and 5 are treated with the highest priority and target to be completed in R16.

· Scenario 1, 2 and 3 are treated with the second priority. Whether to be completed in R16 depends on the eURLLC SI/WI TUs.

· Scenario 6 and 7 are treated in future releases.
Proposal 2: When SR triggered by URLLC collides with long PUCCH, only SR is transmitted if SR is positive or both SR and long PUCCH are transmitted simultaneously.

Proposal 3: HARQ-ACK corresponding to URLLC and eMBB should be independently transmitted, and HARQ-ACK corresponding to URLLC has higher priority.
Proposal 4: At most 2 HARQ-ACK codebooks can be simultaneously constructed. Multiple HARQ-ACK codebooks for URLLC can be constructed in one slot by TDM manner.
Proposal 5: In one slot, at most one PUCCH is used to transmit eMBB HARQ-ACK.
Proposal 6: When SR triggered by URLLC collides with long PUSCH, only SR is transmitted if SR is positive or both SR and long PUSCH are transmitted simultaneously.
Proposal 7: Enhancements to solve the collision of PUCCH for eMBB HARQ-ACK and URLLC PUSCH should be supported.

Proposal 8: PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.
Proposal 9: For DL prioritization, decoding capability, HARQ-ACK codebook and preemption signaling should be considered.
Proposal 10: Grant-based transmission does not always prioritize grant-free transmission and it’s better to choose resource according to traffic requirement and resource configuration.
Proposal 11: Resource scheduled by latest UL grant is higher priority.
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