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1 Introduction

In RAN2#110-e meeting, RAN2 made the following agreements on lch-based prioritization:
	· Remove the current condition “for each uplink grant which is not already a de-prioritized uplink grant”
· RAN2 will not specify further on priority of SR triggered by MAC CE in Rel-16. The intention of current MAC text is that such SR has no priority and is handled as lowest priority. 
·  (When MAC determines to generate a PDU) MAC entity shall not generate a PDU that cannot be transmitted due to collision with transmission (at least due to equal L1 priority). 

· For each uplink grant which can be transmitted by lower layers, the MAC entity evaluates whether it is a prioritized uplink grant. TP of R2-2005647 is a baseline.


This contribution discusses how to treat MAC-PHY misalignment issues of the intra-UE prioritization.
2 Discussion
In Rel-16, RAN1 and RAN2 developed two different priority rules, namely PHY prioritization in URLLC WI and MAC prioritization a.k.a. LCH-based prioritization in IIOT WI. PHY prioritization is based on PHY priority index and MAC prioritization is based on logical channel priority. Those mechanisms were designed for the same purpose, i.e. enhanced prioritization of URLLC. However, a problem is that both mechanism may require cross-layer interaction. Otherwise, none of them may work to achieve the ultimate goal.
As they were developed independently, they can be configured independently. All the combinations are possible: 1) only MAC prioritization is configured, 2) only PHY prioritization is configured, and 3) both MAC prioritization and PHY prioritization are configured. However, there may be some conflict or potential problems between them.
1) Only MAC prioritization is configured.
- CG vs CG: An uplink grant with highest MAC priority is transmitted. There is no consideration in PHY.
- CG vs DG: An uplink grant with highest MAC priority is transmitted. There is no consideration in PHY.

- SR vs UL-SCH: An uplink grant or SR with highest MAC priority is transmitted. There is no consideration in PHY.

Observation 1. In case of only MAC prioritization, no issue is foreseen.
2) Only PHY prioritization is configured.

- CG vs CG: No rule is defined.
- CG vs DG: The DG is transmitted. PHY does not know whether the CG with higher PHY priority has data or not.
- SR vs UL-SCH: The uplink grant is transmitted. PHY does not know whether the SR is triggered.
Observation 2. In case of only PHY prioritization, prioritization rule of CG-CG collision is not defined by MAC.
3) Both MAC prioritization and PHY prioritization are configured.

- CG vs CG: An uplink grant with highest MAC priority is transmitted. PHY does not know whether the uplink grant with higher PHY priority has data to send. If PHY can send the later resource with high PHY priority by UE implementation, MAC will deliver two MAC PDUs to PHY to prioritize.
- CG vs DG: An uplink grant with highest MAC priority is transmitted. PHY does not know whether the uplink grant with higher PHY priority has data to send.
- SR vs UL-SCH: An uplink grant or SR with highest MAC priority is transmitted. PHY does not know whether the SR or UL-SCH with higher PHY priority were de-prioritized by MAC.
Observation 3. In case of both MAC and PHY prioritizations, PHY does not know whether the resource with higher PHY priority is de-prioritized or not. This could occur when PHY receives only the resource with lower PHY priority.
In case of only PHY prioritization, RAN2 needs to discuss how UE selects a resource among overlapping CGs. Otherwise, MAC should ensure that no overlapping CGs are configured, if lch-basedPrioritization is not configured. But, the simpler way is to leave it to UE implementation. A NOTE can be considered to clarify.
Proposal 1. Add a NOTE: If there is overlapping PUSCH duration of at least two configured uplink grants and the MAC entity is not configured with lch-basedPrioritization, the MAC entity may choose to continue with either the grant.
For the other cases, there may be some potential problem to degrade the performance but those are all about NW’s misconfiguration and operation is not actually broken. So, it would be okay not to enhance anything after the WI completion.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:
Proposal 1. Add a NOTE: If there is overlapping PUSCH duration of at least two configured uplink grants and the MAC entity is not configured with lch-basedPrioritization, the MAC entity may choose to continue with either the grant.
4 TP for 38.321
· 5.4.1
UL Grant reception

Uplink grant is either received dynamically on the PDCCH, in a Random Access Response, configured semi-persistently by RRC or determined to be associated with the PUSCH resource of MSGA as specified in clause 5.1.2a. The MAC entity shall have an uplink grant to transmit on the UL-SCH. To perform the requested transmissions, the MAC layer receives HARQ information from lower layers. An uplink grant addressed to CS-RNTI with NDI = 0 is considered as a configured uplink grant. An uplink grant addressed to CS-RNTI with NDI = 1 is considered as a dynamic uplink grant.

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.

3>
stop the cg-RetransmissionTimer for the correponding HARQ process, if running.

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>
stop the cg-RetransmissionTimer for the correponding HARQ process, if running;

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 clause 5.8.2;

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

4>
stop the cg-RetransmissionTimer for the correponding HARQ process, if running.

For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:

>
if the MAC entity is configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response for this Serving Cell or with a transmission of MSGA payload; or
1>
if the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response for this Serving Cell or with the PUSCH duration of a MSGA payload:

2>
set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;

2>
if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured (i.e. new transmission):

3>
consider the NDI bit for the corresponding HARQ process to have been toggled;

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

2>
else if the cg-RetransmissionTimer for the corresponding HARQ process is configured and not running, then for the corresponding HARQ process:

3>
if the configuredGrantTimer is not running, and the HARQ process is not pending (i.e. new transmission):

4>
consider the NDI bit to have been toggled;

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

3>
else if the previous uplink grant delivered to the HARQ entity for the same HARQ process was a configured uplink grant (i.e. retransmission on configured grant):

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

NOTE X:
If there is overlapping PUSCH duration of at least two configured uplink grants and the MAC entity is not configured with lch-basedPrioritization, the MAC entity may choose to continue with either the grant.
For configured uplink grants neither configured with harq-ProcID-Offset2 nor with cg-RetransmissionTimer, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:

HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
For configured uplink grants with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2

where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].

For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation select an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. The UE shall prioritize retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions.

NOTE 1:
CURRENT_symbol refers to the symbol index of the first transmission occasion of a repetition bundle that takes place.

NOTE 2:
A HARQ process is configured for a configured uplink grant where neither harq-ProcID-Offset nor harq-ProcID-Offset2 is configured, if the configured uplink grant is activated and the associated HARQ process ID is less than nrofHARQ-Processes. A HARQ process is configured for a configured uplink grant where harq-ProcID-Offset2 is configured, if the configured uplink grant is activated and the associated HARQ process ID is greater than or equal to harq-ProcID-Offset2 and less than sum of harq-ProcID-Offset2 and nrofHARQ-Processes for the configured grant configuration.

NOTE 3:
If the MAC entity receives a grant in a Random Access Response (i.e. MAC RAR or fallbackRAR) or determines a grant as specified in clause 5.1.2a for MSGA payload and if the MAC entity also receives an overlapping grant for its C-RNTI or CS-RNTI, requiring concurrent transmissions on the SpCell, the MAC entity may choose to continue with either the grant for its RA-RNTI/MSGB-RNTI/the MSGA payload transmission or the grant for its C-RNTI or CS-RNTI.

NOTE 4:
In case of unaligned SFN across carriers in a cell group, the SFN of the concerned Serving Cell is used to calculate the HARQ Process ID used for configured uplink grants.
NOTE 5:
If cg-RetransmissionTimer is not configured, a HARQ process is not shared between different configured grant configurations in the same BWP.
For the MAC entity configured with lch-basedPrioritization, priority of an uplink grant is determined by the highest priority among priorities of the logical channels with data available that are multiplexed or can be multiplexed in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2. The priority of an uplink grant for which no data for logical channels is multiplexed or can be multiplexed in the MAC PDU is lower than either the priority of an uplink grant for which data for any logical channels is multiplexed or can be multiplexed in the MAC PDU or the priority of the logical channel triggering an SR.

If the corresponding PUSCH transmission of a configured uplink grant is cancelled by CI-RNTI, as specified in clause 11.2A of TS 38.213 [6], this uplink grant is a de-prioritized uplink grant.
When the MAC entity is configured with lch-basedPrioritization, for each uplink grant whose associated PUSCH can be transmitted by lower layers, the MAC entity shall:

1>
if this uplink grant is addressed to CS-RNTI with NDI = 1 or C-RNTI:

2>
if there is no overlapping PUSCH duration of a configured uplink grant which was not already de-prioritized, in the same BWP whose priority is higher than the priority of the uplink grant; and

2>
if there is no overlapping PUCCH resource with an SR transmission which was not already de-prioritized and the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:

3>
consider this uplink grant as a prioritized uplink grant;

3>
consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s);

3>
consider the other overlapping SR transmission(s), if any, as a de-prioritized SR transmission(s).

1>
else if this uplink grant is a configured uplink grant:

2>
if there is no overlapping PUSCH duration of another configured uplink grant which was not already de-prioritized, in the same BWP, whose priority is higher than the priority of the uplink grant; and

2>
if there is no overlapping PUSCH duration of an uplink grant addressed to CS-RNTI with NDI = 1 or C-RNTI which was not already de-prioritized, in the same BWP, whose priority is higher than or equal to the priority of the uplink grant; and

2>
if there is no overlapping PUCCH resource with an SR transmission which was not already de-prioritized and the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:

3>
consider this uplink grant as a prioritized uplink grant;

3>
consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s);

3>
consider the other overlapping SR transmission(s), if any, as a de-prioritized SR transmission(s).

NOTE 6:
If there is overlapping PUSCH duration of at least two configured uplink grants whose priorities are equal, the prioritized uplink grant is determined by UE implementation.

