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Introduction
According to the WID of NR IIoT [1], the WI should address the following objectives for Rel-16:
	The detailed objectives for NR intra-UE prioritization/multiplexing are:
· 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].


As highlighted above, RAN2 focus on the issue that how to resolve resource collision between uplink grants including conflict between dynamic grant(DG) and configured grant(CG), and conflict among multiple CGs, which is also known as grant conflict involving configured grant.
In this paper, we will further discuss the grant conflict issue and provide our proposals.
[bookmark: _Ref178064866]Discussion
According to the agreement from RAN2#105[2]
UE prioritization of a grant when there is at most one dynamic grant in the set of conflicting grants (scenario 2 and CG/CG collision) shall be addressed. MAC specifies currently the UE prioritization of such cases, and modifications to MAC would be required.
For cases when MAC prioritizes a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each LCH.
It is clear that MAC layer is involved in grant prioritization decision, but the details have not been determined.
[image: ]
Figure 1 Time line for the collision between UL grants
As shown in the figure above, the whole time interval, from the last symbol of UL grant DCI, to the first symbol of PUSCH, i.e., the definition of N2 for dynamic grant, can be divided into 3 phases:
· Phase-1: DCI processing, which is at PHY layer;
· Phase-2: Grant prioritization and MAC PDU generation, which is at MAC layer;
· Phase-3: PUSCH transmission, which is at PHY layer;
[bookmark: _Toc7300335][bookmark: _Toc7300435][bookmark: _Toc7300476][bookmark: _Toc7344930][bookmark: _Toc7430734][bookmark: _Toc7551274][bookmark: _Toc7599598][bookmark: _Toc7600608][bookmark: _Toc7729514][bookmark: _Toc7729553][bookmark: _Toc7760397][bookmark: _Toc7760413]The time interval from the last symbol of UL grant DCI to the first symbol of PUSCH can be divided into 3 phases, DCI processing, grant prioritization and MAC PDU generation, and PUSCH transmission.
The following cases may happen in intra-UE prioritization issue considering the time line as illustrated in Figure 1:
· Case1: Another grant that overlaps the previous one receives before MAC PDU assembly, i.e. in Phase-1 and the front part of Phase-2
In this case, no MAC PDU has been built before MAC performs prioritization between two grants or MAC receive another grant that overlaps the previous grant. MAC has enough time prior to MAC PDU assembly to decide what data to prioritize and which grant to prioritize, thus MAC builds one MAC PDU.
· Case2: Another grant that overlaps the previous one receives after MAC PDU assembly, i.e. in Phase-3 and the later part of Phase-2
Case 2-1: The previous grant or the assembled MAC PDU with a higher priority. 
In this case, there is no need to generate another MAC PDU since the later one is with a lower priority, thus MAC build one MAC PDU.
Case 2-2: The previous grant or the assembled MAC PDU with a lower priority.
In this case, to rebuild the assembled MAC PDU is infeasible since the MAC PDU might have been in transmission. MAC has nothing to do but build another MAC PDU and deliver it to PHY layer. Thus, MAC builds two MAC PDUs (i.e. one MAC PDU for one grant) and one of the two will be sent via air interface. 
In summary, MAC build one or two MAC PDUs considering the number of MAC PDU assembled and the priority of the grant/the associated MAC PDU.
[bookmark: _Toc7300336][bookmark: _Toc7300436][bookmark: _Toc7300477][bookmark: _Toc7344931][bookmark: _Toc7430735][bookmark: _Toc7551275][bookmark: _Toc7599599][bookmark: _Toc7600609][bookmark: _Toc7729515][bookmark: _Toc7729554][bookmark: _Toc7760398][bookmark: _Toc7760414]Another grant that overlaps the previous one can be received before or after MAC PDU assembly, considering time line in MAC layer.
[bookmark: _Toc7300337][bookmark: _Toc7300437][bookmark: _Toc7300478][bookmark: _Toc7344932][bookmark: _Toc7430736][bookmark: _Toc7551276][bookmark: _Toc7599600][bookmark: _Toc7600610][bookmark: _Toc7729516][bookmark: _Toc7729555][bookmark: _Toc7760399][bookmark: _Toc7760415]One or two MAC PDUs might be built when UE perform prioritization in the event of overlapping grants.
[bookmark: _Toc7300484][bookmark: _Toc7301967][bookmark: _Toc7344921][bookmark: _Toc7430744][bookmark: _Toc7551266][bookmark: _Toc7593454][bookmark: _Toc7599608][bookmark: _Toc7600618][bookmark: _Toc7729524][bookmark: _Toc7729546][bookmark: _Toc7760390][bookmark: _Toc7760423]MAC builds one MAC PDU in the case where another grant which overlaps the previous one receives before MAC PDU assembly.
[bookmark: _Toc7300485][bookmark: _Toc7301968][bookmark: _Toc7344922][bookmark: _Toc7430745][bookmark: _Toc7551267][bookmark: _Toc7593455][bookmark: _Toc7599609][bookmark: _Toc7600619][bookmark: _Toc7729525][bookmark: _Toc7729547][bookmark: _Toc7760391][bookmark: _Toc7760424]MAC builds one MAC PDU in the case where another grant which overlaps the previous one receives after MAC PDU assembly and the later one is determined to be pre-empted.
[bookmark: _Toc7300486][bookmark: _Toc7301969][bookmark: _Toc7344923][bookmark: _Toc7430746][bookmark: _Toc7551268][bookmark: _Toc7593456][bookmark: _Toc7599610][bookmark: _Toc7600620][bookmark: _Toc7729526][bookmark: _Toc7729548][bookmark: _Toc7760392][bookmark: _Toc7760425]MAC builds two MAC PDUs in the case where another grant which overlaps the previous one receives after MAC PDU assembly and the later one is determine to be prioritized.
[bookmark: _Toc7300338]As concluded in previous RAN2 meeting, for cases when MAC prioritizes a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each LCH. 
[bookmark: _Toc7430737][bookmark: _Toc7551277][bookmark: _Toc7599601][bookmark: _Toc7600611][bookmark: _Toc7729517][bookmark: _Toc7729556][bookmark: _Toc7760400][bookmark: _Toc7760416]It is agreed that, when MAC prioritizes a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each LCH.
Thus we propose:
[bookmark: _Toc7430747][bookmark: _Toc7551269][bookmark: _Toc7593457][bookmark: _Toc7599611][bookmark: _Toc7600621][bookmark: _Toc7729527][bookmark: _Toc7729549][bookmark: _Toc7760393][bookmark: _Toc7760426]MAC prioritizes the grant which has a higher priority LCH multiplexed on or to be multiplexed on and would meet the LCP mapping restrictions configured for the LCH.
Considering UL grant is used to transmit UL data, and UL data are multiplexed into the associated MAC PDU, it is obvious that similar principle as grant prioritization might be applied in MAC deciding the number of MAC PDU to be assembled:
· [bookmark: _Toc7300339]In the case where another grant that overlaps the previous one receives before MAC PDU assembly
In the case, MAC has enough time to perform grant prioritization and build one MAC PDU. Thus, the MAC PDU assembled is associated to the prioritized grant and can carry more important data, e.g. the data in a higher priority LCH.
· [bookmark: _Toc7300340]In the case where another grant that overlaps the previous one receives after MAC PDU assembly,
In this case, MAC preforms grant prioritization and determine whether to build another MAC PDU, considering the priority of LCH and LCP mapping restriction. Once MAC generates two MAC PDUs in the event of overlapping grants, the MAC PDU, which carriers more important data, typically in a higher priority LCH, should be prioritized. 
[bookmark: _Toc7300342][bookmark: _Toc7300439][bookmark: _Toc7300480][bookmark: _Toc7344934][bookmark: _Toc7430738][bookmark: _Toc7551278][bookmark: _Toc7599602][bookmark: _Toc7600612][bookmark: _Toc7729518][bookmark: _Toc7729557][bookmark: _Toc7760401][bookmark: _Toc7760417]Similar principle as grant prioritization could be applied in the number of MAC PDU to be assembled.
[bookmark: _Toc7300489][bookmark: _Toc7301972][bookmark: _Toc7344926][bookmark: _Toc7430749][bookmark: _Toc7551271][bookmark: _Toc7593458][bookmark: _Toc7599612][bookmark: _Toc7600622][bookmark: _Toc7729528][bookmark: _Toc7729550][bookmark: _Toc7760394][bookmark: _Toc7760427]When the MAC processes another grant after MAC PDU assembly, MAC generates another MAC PDU and deliver it to PHY layer if it carriers data in the higher priority LCH than the previous MAC PDU. Otherwise, MAC should drop this grant and do not generate the second MAC PDU.
[bookmark: _Toc7300343][bookmark: _Toc7300440]As we analysed above, in the event of overlapping grants, MAC might build one or two MAC PDUs in different scenarios. It is the reason why one argue to specify the minimum processing time. As we understood, the main argument for the need of processing time is to align the UE and the gNB on the number of MAC PDU and to make the gNB being aware of dropped MAC PDU. Actually, this issue had been discussed in Rel-15, and no consensus is achieved since it is too hard to define precise value of processing time. Furthermore, several solutions can be considered to resolve the misalignment issue of MAC PDU, even though the gNB has no information of the number of the built MAC PDUs. More details can be referred to in [4]. Thus, we believe that the processing timing is not needed and it is up to UE implementation to decide the time point that MAC performs prioritization.  
[bookmark: _Toc7300344][bookmark: _Toc7300441][bookmark: _Toc7300481][bookmark: _Toc7344935][bookmark: _Toc7430739][bookmark: _Toc7551279][bookmark: _Toc7599603][bookmark: _Toc7600613][bookmark: _Toc7729519][bookmark: _Toc7729558][bookmark: _Toc7760402][bookmark: _Toc7760418]The benefit of introducing processing time is to align the UE and the gNB on how many MAC PDUs have been built.
[bookmark: _Toc7300345][bookmark: _Toc7300442][bookmark: _Toc7300482][bookmark: _Toc7344936][bookmark: _Toc7430740][bookmark: _Toc7551280][bookmark: _Toc7599604][bookmark: _Toc7600614][bookmark: _Toc7729520][bookmark: _Toc7729559][bookmark: _Toc7760403][bookmark: _Toc7760419]The issue on misalignment of the number of built MAC PDUs can be resolved, even though the gNB is unaware of the number of built MAC PDUs in the event of overlapping grants.
[bookmark: _Toc7300490][bookmark: _Toc7301973][bookmark: _Toc7344927][bookmark: _Toc7430750][bookmark: _Toc7551272][bookmark: _Toc7593459][bookmark: _Toc7599613][bookmark: _Toc7600623][bookmark: _Toc7729529][bookmark: _Toc7729551][bookmark: _Toc7760395][bookmark: _Toc7760428]RAN2 does not pursue specification on processing time in grant conflict case involving configured grant.
One the other hand, one argue that RAN2 should allow PHY at least identify and prioritize a dynamic grant for URLLC traffic without MAC assistance for the reason of UCI multiplexing timeline [3]. It mentioned that, in R15, UCI multiplexing in PHY layer is in parallel with TB preparation in MAC layer. That is to say UCI multiplexing is performed in PHY before PHY receiving PUSCH’s TB. One argue that, if PHY layer prepares UCI multiplexing on dynamic grant after MAC decision on grant prioritization, extra delay will be introduced, which may eventually make the requirement of N2 not been satisfied.
Actually, as we understood, the timeline relationship between UCI multiplexing preparation and TB delivery is not normative and it is more like UE implementation issue. We also doubt that whether it really is a problem in PHY layer to perform UCI multiplexing preparation after MAC assistant information delivery.
Furthermore, we believe that MAC assistance information is always needed when PHY prioritize grant considering whether URLLC data available is one contributor for grant prioritization and PHY layer is unaware of this LCH/traffic information. For example, assuming PHY preforms prioritization for CG vs. DG conflict, whether URLLC data is available should be delivered to PHY layer. The extra latency of MAC delivery is inevitable, and PHY layer can only start UCI multiplexing preparation on dynamic grant until it receives the MAC assistance information. Assuming MAC preforms prioritization for CG vs. DG conflict, the extra latency of delivery is also inevitable, since PHY needs to wait for grant prioritization decision in MAC. Thus, we believe that it is a common issue to delay the timeline of UCI multiplexing in the event of overlapping grants. And PHY only could prepare UCI multiplexing after MAC assistance information received. 


Figure 2 Example of the timeline for UCI multiplexing in overlapping grants
[bookmark: _Toc7430741][bookmark: _Toc7551281][bookmark: _Toc7599605][bookmark: _Toc7600615][bookmark: _Toc7300346][bookmark: _Toc7300443][bookmark: _Toc7300483][bookmark: _Toc7344937][bookmark: _Toc7729521][bookmark: _Toc7729560][bookmark: _Toc7760404][bookmark: _Toc7760420]The timeline relationship between UCI multiplexing preparation and TB delivery is more like UE implementation.
[bookmark: _Toc7430742][bookmark: _Toc7551282][bookmark: _Toc7599606][bookmark: _Toc7600616][bookmark: _Toc7729522][bookmark: _Toc7729561][bookmark: _Toc7760405][bookmark: _Toc7760421]It is unclear whether it is a problem for PHY layer to perform UCI multiplexing preparation after it receives assistance information from MAC layer.
[bookmark: _Toc7344938][bookmark: _Toc7430743][bookmark: _Toc7551283][bookmark: _Toc7599607][bookmark: _Toc7600617][bookmark: _Toc7729523][bookmark: _Toc7729562][bookmark: _Toc7760406][bookmark: _Toc7760422]It seems is a common issue to delay the timeline of UCI multiplexing in the event of overlapping grants.
[bookmark: _Toc7344928][bookmark: _Toc7430751][bookmark: _Toc7551273][bookmark: _Toc7593460][bookmark: _Toc7599614][bookmark: _Toc7600624][bookmark: _Toc4707311][bookmark: _Toc7300491][bookmark: _Toc7301974][bookmark: _Toc7729530][bookmark: _Toc7729552][bookmark: _Toc7760396][bookmark: _Toc7760429]RAN2 does not pursue enhancement on UCI multiplexing latency unless it is proved problematic in RAN1. 
Conclusion
Based on the discussion above, we made the following observations:
Observation 1	The time interval from the last symbol of UL grant DCI to the first symbol of PUSCH can be divided into 3 phases, DCI processing, grant prioritization and MAC PDU generation, and PUSCH transmission.
Observation 2	Another grant that overlaps the previous one can be received before or after MAC PDU assembly, considering time line in MAC layer.
Observation 3	One or two MAC PDUs might be built when UE perform prioritization in the event of overlapping grants.
Observation 4	It is agreed that, when MAC prioritizes a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each LCH.
Observation 5	Similar principle as grant prioritization could be applied in the number of MAC PDU to be assembled.
Observation 6	The benefit of introducing processing time is to align the UE and the gNB on how many MAC PDUs have been built.
Observation 7	The issue on misalignment of the number of built MAC PDUs can be resolved, even though the gNB is unaware of the number of built MAC PDUs in the event of overlapping grants.
Observation 8	The timeline relationship between UCI multiplexing preparation and TB delivery is more like UE implementation.
Observation 9	It is unclear whether it is a problem for PHY layer to perform UCI multiplexing preparation after it receives assistance information from MAC layer.
Observation 10	It seems is a common issue to delay the timeline of UCI multiplexing in the event of overlapping grants.

And propose the following:
Proposal 1	MAC builds one MAC PDU in the case where another grant which overlaps the previous one receives before MAC PDU assembly.
Proposal 2	MAC builds one MAC PDU in the case where another grant which overlaps the previous one receives after MAC PDU assembly and the later one is determined to be pre-empted.
Proposal 3	MAC builds two MAC PDUs in the case where another grant which overlaps the previous one receives after MAC PDU assembly and the later one is determine to be prioritized.
Proposal 4	MAC prioritizes the grant which has a higher priority LCH multiplexed on or to be multiplexed on and would meet the LCP mapping restrictions configured for the LCH.
Proposal 5	When the MAC processes another grant after MAC PDU assembly, MAC generates another MAC PDU and deliver it to PHY layer if it carriers data in the higher priority LCH than the previous MAC PDU. Otherwise, MAC should drop this grant and do not generate the second MAC PDU.
Proposal 6	RAN2 does not pursue specification on processing time in grant conflict case involving configured grant.
Proposal 7	RAN2 does not pursue enhancement on UCI multiplexing latency unless it is proved problematic in RAN1.
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