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1 Introduction

Following is an excerpt from TS 38.321 (v15.4.0) with highlighted text discussing Rel-15 rule for prioritization between configured grant and uplink dynamic grant.
	10.3
Uplink Scheduling

In the uplink, the gNB can dynamically allocate resources to UEs via the C-RNTI on PDCCH(s). A UE always monitors the PDCCH(s) in order to find possible grants for uplink transmission when its downlink reception is enabled (activity governed by DRX when configured). When CA is configured, the same C-RNTI applies to all serving cells.

In addition, with Configured Grants, the gNB can allocate uplink resources for the initial HARQ transmissions to UEs. Two types of configured uplink grants are defined:

-
With Type 1, RRC directly provides the configured uplink grant (including the periodicity).

-
With Type 2, RRC defines the periodicity of the configured uplink grant while PDCCH addressed to CS-RNTI can either signal and activate the configured uplink grant, or deactivate it; i.e. a PDCCH addressed to CS-RNTI indicates that the uplink grant can be implicitly reused according to the periodicity defined by RRC, until deactivated.

When a configured uplink grant is active, if the UE cannot find its C-RNTI/CS-RNTI on the PDCCH(s), an uplink transmission according to the configured uplink grant can be made. Otherwise, if the UE finds its C-RNTI/CS-RNTI on the PDCCH(s), the PDCCH allocation overrides the configured uplink grant.
Retransmissions other than repetitions are explicitly allocated via PDCCH(s).

When CA is configured, at most one configured uplink grant can be signalled per serving cell. When BA is configured, at most one configured uplink grant can be signalled per BWP. On each serving cell, there can be only one configured uplink grant active at a time. A configured uplink grant for one serving cell can either be of Type 1 or Type 2. For Type 2, activation and deactivation of configured uplink grants are independent among the serving cells. When SUL is configured, a configured uplink grant can only be signalled for one of the 2 ULs of the cell.


According to the Rel-15 behaviour above, if a dynamic grant is scheduled in the same slot and serving cell as a configured grant, the dynamic grant always overrides the configured grant. This leads to difficulties in scheduling eMBB traffic for a UE that also has infrequent aperiodic URLLC traffic as explained in the next section. 
2 Discussion

2.1 Scheduling eMBB with infrequent aperiodic URLLC using Rel-15 NR: A problem
For a UE with infrequent aperiodic uplink URLLC traffic, a configured grant with short period and high reliability (using a high-reliability MCS table) can be used to provide low latency and high reliability since 

· configured grant avoids the need for an SR thus reducing the latency experienced by the URLLC traffic,

· short period of configured grant also reduces latency experienced by URLLC traffic, and

· high reliability (using a high-reliability MCS table) ensures reliability needed by the URLLC traffic.

We refer to such a configured grant as a high-reliability and short-period configured grant in this paper. 
Observation 1: For a UE with infrequent aperiodic uplink URLLC traffic, high-reliability and short-period configured grant is useful to provide low latency and high reliability. 

The use of a high-reliability and short-period configured grant for URLLC traffic of a UE however makes it challenging to schedule eMBB traffic for the UE as explained below. 
Firstly, it is not resource efficient to send eMBB traffic using a high reliability configured grant using high reliability MCS table, since eMBB does not require similar reliability and can be more efficiently transmitted (using fewer RBs) using dynamic grants using regular MCS table.

Observation 2: It is not resource efficient to send eMBB traffic using a high reliability configured grant.

Secondly, use of dynamic grants for eMBB traffic presents challenges due to the use of high-reliability and short-period configured grant. If gNB schedules eMBB traffic using a dynamic grant (using regular MCS table) overlapping with a high-reliability and short-period configured grant, a Rel-15 UE will not use the configured grant even if there is pending URLLC traffic. This is due to the Rel-15 behaviour that dynamic grant always overrides configured grant (as explained in Section 1). Thus, the URLLC traffic is either 
(i) delayed (e.g., because of LCP restriction) or 
(ii) transmitted using dynamic grant (provided LCP restrictions allow it) which does not provide high reliability as the dynamic grant does not use high reliability MCS table. 
Thus, use of dynamic grants for eMBB can increase latency and reduce reliability of URLLC traffic transmissions. 
Observation 3: If gNB schedules eMBB traffic using a dynamic grant overlapping a high-reliability and short-period configured grant, a Rel-15 UE will not use the configured grant for URLLC traffic thereby impacting latency/reliability of URLLC traffic.

The above issue can be prevented if gNB can schedule eMBB traffic avoiding (or ‘around’) high-reliability and short-period configured grants. But, this is challenging given the short period of the configured grants.
Observation 4: In Rel-15, gNB has to schedule eMBB traffic around high-reliability and short-period configured grants to avoid the latency/reliability impact to URLLC traffic and even this can be difficult due the short period of the configured grants.
2.2 A solution using PHY priority indication
A PHY priority indication for dynamic grant can address the issue discussed in Section 2.1. 
A gNB can indicate a low PHY priority for a dynamic grant meant for eMBB traffic. When a dynamic grant of low priority overlaps a high-reliability and short-period configured grant configured grant used for URLLC traffic, UE can still prioritize the use of the configured grant when URLLC traffic is available for transmission (since dynamic grant is of low priority). Thus, 

· URLLC traffic, whenever available, is quickly and reliably sent using high-reliability and short-period configured grant, and

· eMBB traffic is sent using dynamic grant (using normal MCS table) in a resource efficient manner.
Observation 5: A PHY priority indication for dynamic grant enables more efficient scheduling of eMBB traffic for UEs that also have infrequent aperiodic URLLC traffic, by allowing use of low priority dynamic grants for eMBB so that
· URLLC traffic is sent quickly and reliably using a high-reliability and short-period configured grant, and

· eMBB traffic is sent using low priority dynamic grants whenever URLLC traffic is not present.
Based on the above discussion, we propose the following:

Proposal 1: 
Collision resolution between a dynamic grant overlapping in time with a configured grant for same serving cell should be based on a PHY priority indication associated with the dynamic grant.

Proposal 2:
RAN2 should ask RAN1 whether a priority level indication per dynamic grant can be supported.
3 Conclusion
Highlights of the above discussion are captured below:
Proposal 1: 
Collision resolution between a dynamic grant overlapping in time with a configured grant for same serving cell should be based on a PHY priority indication associated with the dynamic grant.

Proposal 2:
RAN2 should ask RAN1 whether a priority level indication per dynamic grant can be supported.
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