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1.
Introduction

According to the approved WID on support of NR IIoT, handling resource conflicts between dynamic grant (DG) and configured (CG) PUSCH needs to be specified in RAN2 and RAN1 as follows, where RAN2 focus on the prioritization rule based on LCH priority and LCP restrictions [1].
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].

· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].

In this contribution, we intend to further discuss the prioritization rule including principle and relevant procedures in Scenario 2: Resource conflicts between CG and DG in RAN2.
2. Discussion
2.1
Determine the grant priority
In the last RAN2 meeting, LCH priority and LCP restriction based approach to determine the prioritized grant was agreed in principle for prioritization in MAC. Basically, URLLC service with higher priority could be prioritized over eMBB service with a lower priority in case of overlapping in time domain. In this case, the grant selection is performed in the MAC layer and mainly related to the LCP procedure. However, in addition to the current LCP restrictions, e.g. maxPUSCHDuration and allowedSCSlist, the transmission reliability associated with the service needs to be satisfied, especially when both grants can be used to transmit the data from the LCH with the same priority. Also, if these two grants are linked to the same effective BLER, i.e. the same MCS table, provided that CG resource can be shared for spectrum efficiency, it is better to select the dynamic grant to avoid the potential resource collisions among more than one CG UEs.  
In Rel-15, it is specified that CG can be used only in case “the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH for this Serving Cell”
For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:

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:

Regardless of initial transmission or retransmission of the uplink grant received on the PDCCH, as long as the PUSCH duration overlaps with a CG, the CG cannot be delivered to the HARQ entity. Generally, for retransmission, the prioritization rule is same as the initial transmission for the overlapped DG. Some contributions propose the potential impacts to determination of the highest priority associated with a TB in [2]. We don't see a big issue as it would be simple for implementation to derive the priority when the TB has been generated and stored in HARQ buffer. For the time being, we suggest to consider a common prioritization rule for above two cases without much standard cost to distinguish new transmission case and retransmission case.
Proposal 1: When a CG PUSCH overlaps with a DG PUSCH, the CG PUSCH is prioritized if the highest priority of data to be transmitted on the CG is higher than the highest priority of data to be transmitted on the DG, and otherwise DG is prioritized. The data to be transmitted on the CG/DG is based on LCP procedure.
Proposal 2: Enhancements to LCP restriction by considering reliability level of the grant (e.g. indicated by MCS-RNTI) can be considered.

2.2
Prioritization at MAC or PHY
Regarding how to perform the prioritization in the procedure, basically, there are two kinds of prioritization procedures on the table to address resource conflicts. 
Option 1 is to follow the sequential processing line, i.e. MAC generates MAC PDU for each grant and delivers them to PHY and it is at PHY to do prioritization. In this approach, the UE should process each grant regardless it is configured or dynamic. We think it may be feasible in collision between DG and DG where the grant is indicated by DCI. However, regarding CG, as the CG occasion is predetermined, when to assembly the MAC PDU over CG is up to UE implementation without the reference timing of DCI reception and PUSCH start. By using this approach, once upon receiving a DCI for a PUSCH transmission, the MAC will assemble the MAC PDU for the PUSCH even it is intended for eMBB and is overlapping with a CG occasion. If later URLLC traffic arrives, CG which is of higher priority will override the already generated MAC PDU for DG and thereby would cause dropping of the generated MAC PDU. The dropping can happen frequently for the cases where DG overlaps another CG, in the configuration of dense CG. 
Although the MAC PDU is dropped in PHY, the TB is already stored in the HARQ process. If the dropped MAC PDU is for a dynamic grant, it is very likely that there is data transmitted on this grant, i.e. the grant is not skipped. In this case, the network can just schedule another grant for the HARQ process for retransmission.
However, if the dropped MAC PDU is CG, i.e. CG is of lower priority than DG, from the network’s point of view, it is unclear if the UE has data transmitted on the CG or if the CG is skipped by the UE. As a consequence, it is difficult for the network to determine whether to schedule a grant for retransmission for the CG. If the network always schedules retransmission, it would cause spectrum inefficiency problems as in most cases there is no data on the CG for a UE. On the other hand, it could cause data loss if the network does not schedule retransmissions for the CG at all.
Observation 1: Generating a MAC PDU for each grant, regardless of CG or DG, may cause resource inefficiency problems, since the network is not able to know if there is a real transmission on a CG and may need to always schedule retransmissions which could be wasted in most cases.

Option 2 is for the MAC to select a grant for MAC PDU generation and only if that is not possible it is left for PHY to do prioritization. When there is sufficient time for grant selection in MAC, the prioritization can be performed in MAC thereby avoiding the PUSCH dropping in PHY. In case no sufficient time for grant selection, i.e. the later grant is received in a short time before PUSCH transmission of the previous one, the MAC has to deliver the constructed MAC PDU associated with the previous grant to PHY layer and PUSCH dropping is needed in the PHY in order to complete the prioritization procedure. More specifically, MAC only generates a MAC PDU using a CG (or DG), if the CG (or DG) is not overlapped with a DG (or CG) or the CG is prioritized over the overlapped DG (or CG) where the DG can be dropped in MAC layer according to the prioritization rule defined in Proposal 1. 
One may think that for option 2 the network does not know if there is a MAC PDU generated for the DG if a CG is prioritized over the DG, as the network does not know if there is higher priority data at the UE for the CG upon deciding whether to generate a MAC PDU for the DG. If the network is not sure about if there is MAC PDU generated, the safest solution would that the gNB always schedules a retransmission for the DG. Actually, this would not cause resource wastage even if there is no MAC PDU generated for the first transmission. This is because according to existing procedure, for any a grant addressed to C-RNTI, the MAC would generate a MAC PDU for new transmission as long as the HARQ buffer is empty thereby eliminating the risk of data loss for the dropped DG. 
	1>
identify the HARQ process associated with this grant, and for each identified HARQ process:

2>
if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
2>
if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
2>
if the uplink grant was received in a Random Access Response; or

2>
if the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery; or

2>
if the uplink grant is part of a bundle of the configured uplink grant, and may be used for initial transmission according to subclause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU has been obtained for this bundle:

3>
if there is a MAC PDU in the Msg3 buffer and the uplink grant was received in a Random Access Response; or:

3>
if there is a MAC PDU in the Msg3 buffer and the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery:

4>
obtain the MAC PDU to transmit from the Msg3 buffer.

4>
if the uplink grant size does not match with size of the obtained MAC PDU; and

4>
if the Random Access procedure was successfully completed upon receiving the uplink grant:

5>
indicate to the Multiplexing and assembly entity to include MAC subPDU(s) carrying MAC SDU from the obtained MAC PDU in the subsequent uplink transmission;

5>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity.

3>
else:

4>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;



Observation 2: Even if the gNB does not know if the UE has generated a MAC PDU for new transmission for a DG, the gNB can always schedule a grant addressed to C-RNTI for retransmission, and if there is no MAC PDU generated for this DG, the UE will do new transmission according to existing procedure.
Proposal 3: RAN2 to downselect the following MAC prioritization procedures as a wayforward

· Option 1: MAC always generate/deliver the MAC PDU for each grant and rely on PHY prioritization.
· Option 2: MAC may only generate/deliver the MAC PDU of higher priority if possible according to the prioritization rule defined in Proposal 1.
With Proposal 3, regardless of Option 1 and Option 2, it is still possible that two MAC PDUs for CG and DG are generated and delivered to PHY and in this case PHY needs to do prioritization and may therefore drop the MAC PDU for the deprioritized grant. Whether CG or DG is prioritized needs to be determined in MAC and indicated to PHY.
Proposal 4: PHY needs to do prioritization if there are two MAC PDUs generated for the overlapped DG and CG, based on the prioritization indication determined by MAC defined in Proposal 1.

As stated in [5], as long as one MAC PDU is constructed but dropped as a result of prioritization defined above, how to ensure the lossless MAC PDU of the lower priority needs to be further investigated. One possible solution is that gNB allocates a UL grant whenever it detects the collision on the overlapped UL-SCH resource. In this way, the loss of the lower priority data can be avoided and there could be a lot of resource wasted. Although Option 2 offers more flexibility for either a new transmission or retransmission and alleviate the waste of scheduling, there still the risk of unacceptable delay if the UE is only allowed to use the next CG occasion to retransmit the dropped packet in case of CG dropped. 
Proposal 5: The data lossless requirement of lower priority traffic needs to be ensured as part of solution of the intra-UE prioritization.
Some companies propose to define a minimum processing time and a corresponding timeline for the grant selection in the MAC layer.  In our understanding, the benefit of this minimum processing time could be for the gNB to know whether there is MAC PDU generated for a CG or DG. With observation 2, it basically means that this kind of minimum processing timing is not needed and when the UE performs LCP can be left to UE implementation.
Proposal  6: When the UE performs LCP is left to UE implementation, i.e. the minimum processing time does not need to be defined. 
3. Conclusion
In this contribution, we provide our analysis on the intra-UE prioritization between DG and CG for prioritization rules and relevant procedures, and have the following observation and proposals.
Observation 1: Generating a MAC PDU for each grant, regardless of CG or DG, may cause resource inefficiency problems, since the network is not able to know if there is a real transmission on a CG and may need to always schedule retransmissions which could be wasted in most cases.

Observation 2: Even if the gNB does not know if the UE has generated a MAC PDU for new transmission for a DG, the gNB can always schedule a grant addressed to C-RNTI for retransmission, and if there is no MAC PDU generated for this DG, the UE will do new transmission according to existing procedure.

Proposal 1: When a CG PUSCH overlaps with a DG PUSCH, the CG PUSCH is prioritized if the highest priority of data to be transmitted on the CG is higher than the highest priority of data to be transmitted on the DG, and otherwise DG is prioritized. The data to be transmitted on the CG/DG is based on LCP procedure.

Proposal 2: Enhancements to LCP restriction by considering reliability level of the grant (e.g. indicated by MCS-RNTI) can be considered.

Proposal 3: RAN2 to downselect the following MAC prioritization procedures as a wayforward

· Option 1: MAC always generate/deliver the MAC PDU for each grant and rely on PHY prioritization.

· Option 2: MAC may only generate/deliver the MAC PDU of higher priority if possible according to the prioritization rule defined in Proposal 1.
Proposal 4: PHY needs to do prioritization if there are two MAC PDUs generated for the overlapped DG and CG, based on the prioritization indication determined by MAC defined in Proposal 1.
Proposal 5: The data lossless requirement of lower priority traffic needs to be ensured as part of solution of the intra-UE prioritization.
Proposal  6: When the UE performs LCP is left to UE implementation, i.e. the minimum processing time does not need to be defined. 
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