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1.
Introduction

According to the email discussion of [103bis#41][NR IIoT] Intra-UE prioritization, majority thinks the scenario of resource conflict between configured and dynamic grants for UL intra-UE prioritization/multiplexing should involve RAN2 for a solution. In this contribution, we intend to discuss further the potential RAN2 aspects that need to be considered in NR IIoT SI in order to address this issue.
2. Discussion
2.1
Potential use cases for collision between GF and GB
According to the discussion in the last RAN plenary meeting [1], four kinds of use cases are identified for URLLC, i.e., AR/VR (Entertainment industry), Factory automation, Transport Industry (e.g., remote driving) and Electrical Power Distribution. In these use cases, both URLLC and eMBB traffic may be simultaneously transported by the same UE. In Rel-15, it is acknowledged that configured grant transmission including Type 1 and Type 2 can be used for URLLC traffic as specified in TS 38.300 [2]. In order to transmit eMBB traffic based on corresponding SR triggered by UE, dynamic grant can be allocated to the UE as the response from the gNB. Without the knowledge of exact timing of the URLLC traffic arrival to the L2 buffer from the UE, it is likely to have collision between GF PUSCH and GB PUSCH from the UE perspective. 
Observation 1: In case of simultaneous support of eMBB and URLLC, GF PUSCH and GB PUSCH may collide in time domain from a UE’s perspective.
2.1
Potential RAN2 impacts of collision between GF and GB
In Rel-15, GB PUSCH is always prioritized over GF PUSCH in case of collision on their resources. That is, for a configured grant which is activated and to be processed, if this configured grant collides with a dynamic grant, then the MAC entity will not process the configured grant, e.g., ignore this grant until the end of dynamic PUSCH transmission. Herein, the collision of two grants means that the PUSCHs of these two grants overlap in time. This agreement follows the legacy priority rule of scheduled transmission prioritized over configured transmission, but is actually unfriendly to URLLC UL transmission. Note that, GF PUSCH is designed to carry URLLC data and it is usually infeasible to transmit URLLC data on GB PUSCH since GB PUSCH is normally for eMBB data and hence is slot-based, making its time duration exceed the maxPUSCH-Duration restriction of logical channels bearing URLLC data. Meanwhile, the reliability of URLLC data may not be guaranteed when it is carried on GB PUSCH. In a consequence, deprioritizing GF PUSCH will incur extra latency and reliability degradation for URLLC data transmission. One may argue that gNB could schedule a conservative GB PUSCH with a short duration and small MCS to carry the potential URLLC data. However, this unavoidably results in inefficient resource utilization for eMBB transmission. 
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Figure 1 Illustration of slot-based GB PUSCH overlaps with mini-slot-based GF PUSCH
Observation 2: Prioritizing GB PUSCH over GF PUSCH may result in either very low spectrum efficiency for eMBB data transmission or unacceptable latency and reliability for URLLC data transmission.
Proposal 1: For UL, enhancements should be considered to allow configured grant based URLLC transmission prioritized over intra-UE eMBB transmission.
Therefore, RAN2 and RAN1 should derive a solution for a “smart prioritization” to ensure URLLC transmission. Regarding the RAN2 impacts, due to the fact that the timing to process of the dynamic grant for GB, e.g. LCP and MAC PDU delivery to the physical layer is not specified, it can be foreseen to have different impact on the MAC procedure. In the following, we will give our analysis by investigating different cases.
· Case 1: URLLC data arrives before processing of the dynamic grant 
Assume that URLLC data arrives before the LCP processing of the dynamic grant, e.g. just after the reception of UL grant for GB. As shown in Figure 4(a), the MAC entity may choose GF PUSCH if GB PUSCH is slot-based which is inappropriate for the URLLC transmission while URLLC data is available. By contrast, the MAC entity can follow GB PUSCH to transmit URLLC data if the GB PUSCH can accommodate URLLC, e.g. GB PUSCH is also mini-slot-based and a low MCS is selected to guarantee a reliable transmission, as shown in Figure 4(b). 
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(a) URLLC data arrives before GB PUSCH and GB PUSCH is slot-based
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(b) URLLC data arrives before GB PUSCH and GB PUSCH has the same duration with GF PUSCH
Figure 2 Prioritization between GB PUSCH and GF PUSCH
· Case 2: URLLC data arrives after processing of the dynamic grant 

Assume that URLLC data arrives after the LCP processing of the dynamic grant, e.g. just during the GB PUSCH resource duration, or close to the forthcoming GB PUSCH. In this case, the MAC PDU of GB have been generated or already delivered to the physical layer, which makes MAC entity have no other choice but processes the configured grant and delivers the URLLC data to the physical layer. Then, a rule shall be defined in the physical layer to select which MAC PDU to transmit in case of prioritization or to allow even two MAC PDUs to transmit simultaneously in case of multiplexing. 
Proposal 2: RAN2 should consider the following two cases when processing the configured grant overlapped with the dynamic grant:

· Case 1: URLLC data arrives before LCP processing of the dynamic grant 

· Case 2: URLLC data arrives during or after LCP processing of the dynamic grant
Proposal 3: RAN2 should consider the following two alternatives as the starting point according to different cases:
· Alt 1: process only one uplink grant by dropping the other in MAC 
· Alt 2: process both uplink grants and rely on PHY layer prioritization/multiplexing.
Another aspect that RAN2 needs to consider is the impact of configuredGrantTimer in case of prioritization between GF and GB. Generally, the timer is used to prohibit the new GF transmission of the same HARQ process before acknowledgement from the network in order to protect the previous GF transmission. In Rel-15, the HARQ processes are shared between GF and GB scheduling, and it is feasible for the network to schedule a dynamic grant with the HARQ process of a configured grant. We think the same principle should also apply to Rel-16. In this case, when the MAC entity receives an uplink grant and the identified HARQ process is configured for a configured grant, the timer will be started with the intention to transmit the GB PUSCH. Given that RAN2 allows GF to be prioritized the GB, enhancements to the timer can be considered.
Proposal 4: RAN2 should consider enhancement of the configuredGrantTimer if the identified HARQ process of the received dynamic grant is configured for configured grants.
We also provide the TP to the scheduling enhancement in the annex.
3. Conclusion
In this contribution, we provide our analysis on the RAN2 impact of collision between GF and GB, and have the following observation and proposals.
Observation 1: In case of simultaneous support of eMBB and URLLC, GF PUSCH and GB PUSCH may collide in time domain from a UE’s perspective.
Observation 2: Prioritizing GB PUSCH over GF PUSCH may result in either very low spectrum efficiency for eMBB data transmission or unacceptable latency and reliability for URLLC data transmission.
Proposal 1: For UL, enhancements should be considered to allow configured grant based URLLC transmission prioritized over intra-UE eMBB transmission.
Proposal 2: RAN2 should consider the following two cases when processing the configured grant overlapped with the dynamic grant:

· Case 1: URLLC data arrives before LCP processing of the dynamic grant 

· Case 2: URLLC data arrives during or after LCP processing of the dynamic grant
Proposal 3: RAN2 should consider the following two alternatives as the starting point according to different cases:
· Alt 1: process only one uplink grant by dropping the other in MAC 

· Alt 2: process both uplink grants and rely on PHY layer prioritization/multiplexing.

Proposal 4: RAN2 should consider enhancement of the configuredGrantTimer if the identified HARQ process of the received dynamic grant is configured for configured grants.
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5. Annex TP

5
Intra-UE prioritization/multiplexing
5.1
General
This section describes an aspect of intra-UE traffic prioritization and multiplexing considering data and control channels, different latency and reliability requirements and different types of resource allocations for both uplink and downlink directions.

5.2
Scenarios and use cases
Editor’s note: RAN2 responsibility

5.3
Solutions for uplink intra-UE prioritization/multiplexing
Editor’s note: RAN2 is main responsible group, but potential PHY layer impacts and solutions should be analysed by RAN1

In the scenario of uplink intra-UE prioritization/multiplexing – Resource conflict between configured and dynamic grants, prioritizing PUSCH of a dynamic grant over a configured grant may result in either very low spectrum efficiency for eMBB data transmission or unacceptable latency and reliability for URLLC data transmission. Enhancements should be considered to allow configured grant based URLLC transmission prioritized over intra-UE eMBB transmission based on dynamic grants. 
The following two cases when processing the configured grant overlapped with the dynamic grant can be considered:
· Case 1: URLLC data arrives before LCP processing of the dynamic grant 

· Case 2: URLLC data arrives during or after LCP processing of the dynamic grant
The following two alternatives can be considered according to different cases:
· Alt 1: process only one uplink grant by dropping the other in MAC 

· Alt 2: process both uplink grants and rely on PHY layer to do prioritization/multiplexing.

Enhancement to the configuredGrantTimer can be considered if the identified HARQ process of the received dynamic grant is configured for configured grants.

UL Grant
URLLC data
GF PUSCH
Slot n
Slot n+1
Slot n+2
Slot n+3
GB PUSCH
P
O
UE



