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1
Introduction
In RAN2 meeting #104, five main scenarios for intra-UE prioritization/multiplexing study have been identified [1]:
· 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

Furthermore, two email discussions have been triggered in RAN2 to examine “data v.s. data collision” and “control v.s. data collision”. The latter has further captured the cases of “control v.s. control collision”. In this contribution, we aim to provide our views on how uplink “data v.s. data collision” should be handled from a RAN2 point of view. In particular, how the MAC should handle the situations where two or more uplink grants with their PUSCH overlapping in time. 
2
Discussion

From our point of view, intra-UE uplink data v.s. data resource collision can be classified into two categories depending whether configured grant(s) are involved in the collision:
· Resource conflict between dynamic grants: This is basically Scenario 3.

· Resource conflict involving configured grants: This case essentially covers Scenario 2 as well as the collision among multiple configured grants (CGs), considering the recent RAN1 agreement on supporting multiple active CGs per BWP in one serving cell. 
2.1
Resource Collisions between Dynamic Grants (Scenario 3)
The dynamic grants (also known as scheduling grants) are sent by the gNB to a UE for purposes of allocating uplink resources, and the decision of sending such a grant as well as the resource associating to this grant is typically made based on the gNB’s knowledge regarding the UE’s uplink traffic status. For scenario 3, where a UE is already processing, or even transmitting the PUSCH of an earlier dynamic grant, in principal the gNB should not further assign another grant with PUSCH overlapping in time to interrupt the grant under processing, unless the gNB intends to demand the UE transmitting other traffics with higher priority. Hence, the occurrence of Scenario 3 is only possible when the gNB demands uplink transmission of higher priority traffics via the later grant, so this collision case of Scenario 3 can be handled simply by always prioritizing the latest uplink grant.
Proposal 1: For resource collision between dynamic grants (Scenario 3), the MAC should always prioritize the later grant by overriding the earlier grant.
2.2
Resource Collisions Involving Configured Grants
Unlike dynamic grants (DG), transmission opportunities of a configured grant (CG) becomes available periodically once the CG is configured and/or activated, depending on whether it is a Type-1 or Type-2 CG. Therefore, any resource collision involving CG (including both cases of collision between CG & DG and collision between CG & CG) may occur even if the gNB is not anticipating any urgent uplink traffic. Hence, such scenario is different to Scenario 3 wherein a later dynamic grant can simply override the earlier dynamic grant.  
To resolve the resource collision involving configured grants, it is the best to decide the prioritization directly based on the priorities of LCHs mapped onto the colliding grants. According to the TS38.321, the MAC entity should handle the uplink grant in the following manner:
	If the MAC entity has a C-RNTI, a Temporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH occasion and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer and for each grant received for this PDCCH occasion:

1>
if an uplink grant for this Serving Cell has been received on the PDCCH for the MAC entity's C-RNTI or Temporary C-RNTI; or

1>
if an uplink grant has been received in a Random Access Response:

2>
if the uplink grant is for MAC entity's C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the MAC entity's CS-RNTI or a configured uplink grant:

3>
consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the NDI.

2>
if the uplink grant is for MAC entity's C-RNTI, and the identified HARQ process is configured for a configured uplink grant:

3>
start or restart the configuredGrantTimer for the correponding HARQ process, if configured.

2>
deliver the uplink grant and the associated HARQ information to the HARQ entity.

1>
else if an uplink grant for this PDCCH occasion has been received for this Serving Cell on the PDCCH for the MAC entity's CS-RNTI:
2>
if the NDI in the received HARQ information is 1:

3>
consider the NDI for the corresponding HARQ process not to have been toggled;

3>
start or restart the configuredGrantTimer for the corresponding HARQ process, if configured;

3>
deliver the uplink grant and the associated HARQ information to the HARQ entity.

2>
else if the NDI in the received HARQ information is 0:

3>
if PDCCH contents indicate configured grant Type 2 deactivation:

4>
trigger configured uplink grant confirmation.

3>
else if PDCCH contents indicate configured grant Type 2 activation:

4>
trigger configured uplink grant confirmation;

4>
store the uplink grant for this Serving Cell and the associated HARQ information as configured uplink grant;

4>
initialise or re-initialise the configured uplink grant for this Serving Cell to start in the associated PUSCH duration and to recur according to rules in subclause 5.8.2;

4>
set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;

4>
consider the NDI bit for the corresponding HARQ process to have been toggled;

4>
stop the configuredGrantTimer for the corresponding HARQ process, if running;

4>
deliver the configured uplink grant and the associated HARQ information to the HARQ entity.


Therefore, whenever a grant is received, the MAC entity should process it immediately (the processing behaviour is depending on the which of the MAC’s RNTIs is associating to this grant). Thus, these grants, even if their PUSCH overlap in time/frequency, should be processed sequentially and deliver them to the associated HARQ entity for transmission. An exception in Rel-15 is the case where a configured grant collides with another dynamic grant, the MAC entity should refrain from processing the configured grant in this case as dynamic grants should always override configured grant according to the existing specifications. However, lifting such restriction is generally agreeable in Rel-16 as configured grants are typically targeted to convey high priority traffics and should not always be overridden by dynamic grants. 
In the email discussion [104-38], it was suggested that parallel processing of multiple grants is also possible, where the UE can choose to process and deliver one of the grants (before PUSCH of any of these grants starts). In our opinions, however, changing such UE behaviour of sequential grant processing to procedures to parallel processing of multiple grants concurrently may result in significant impacts to both specifications and practical implementations. 
Thus, the most sensible approach would be maintaining the UE behaviour of processing grants sequentially, and carry out LCP to generate MAC PDU subject to any configured LCP restriction rules. Then, if the PUSCH relating to the uplink grant under processing overlaps with any other grants that have already been delivered to HARQ entity (the PUSCH of which may have already started), the MAC entity should further compare the priority levels of LCHs that have been mapped to the grants that have already delivered and the priority levels of LCHs that are mapped (or to be mapped) to the grant under processing. Based on the comparison, the UE should behave as following:
· If the grant under processing will be carrying traffics with higher priority than the grants delivered earlier, then the MAC entity should send an indication to the lower layer for the sake of stopping the processing or transmission of the MAC PDU corresponding to the earlier grant, and in lieu deliver the new grant to HARQ entity for further processing. 

· If the grant under processing is not to carry traffics with higher priority than the grants delivered earlier, then the MAC entity should simply abandon the grant under processing instead of interrupting the transmission of the grant delivered earlier.
Apparently, such an approach of grant prioritization is merely based on priority of LCHs mapped or to be mapped on the colliding grants, instead of concerning the type/characteristics of a grant or requiring explicit indication on grant priority. Hence, specification impact is minimized without much addition complexity of the UE behaviour.
Proposal 2: For resource collision involving configured grants, the MAC should compare the LCH priority mapped (or to be mapped) on the colliding grants to determine the prioritization.
3
Conclusions
This contribution provides our opinions on intra-UE prioritization considering “data-to-data collision”. In our views, the prioritization mechanisms should differ depending on whether configured grant is involved in collision. Based on our analysis, the contribution put forward the following two proposals:
Proposal 1: For resource collision between dynamic grants (Scenario 3), the MAC should always prioritize the later grant by overriding the earlier grant.

Proposal 2: For resource collision involving configured grants, the MAC should compare the LCH priority mapped (or to be mapped) on the colliding grants to determine the prioritization.
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