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Introduction
A Study Item on NR Industrial IoT [1] was approved at RAN#81 and discussion started in RAN2#103bis. Based on email discussion input prior to RAN2#104 [2], a number of Intra-UE prioritization/ multiplexing scenarios were identified, and the scope of the NR I-IoT SI and division of work between RAN1 and RAN2 discussed. For UL data-data prioritization, RAN2 has agreed to study scenarios 2 and 3 jointly with RAN1. An LS was sent to RAN1 [3] accordingly:
Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grants: 
This scenario considers a case where the UL radio resource associated to a configured grant overlaps with a dynamic grant in time. A joint RAN2/RAN1 study should be initiated to handle such issue. In particular, RAN2 should consider LCP and grant handling priority (i.e. if a configured grant can override a dynamic grant), while RAN1 should study the details of related mechanisms for prioritizing configured grant PUSCH over dynamic grant PUSCH.
Scenario 3: Intra-UE UL Prioritization - Resource Conflict between Dynamic Grants: 
This scenario considers a case where the UL radio resource associated to a dynamic grant overlaps with another dynamic grant in time. It is RAN2 understanding that traffics with different priorities could be distinguished by for example explicit L1 signaling of priority level per grant, or by other prioritization rule (for example, allowing a later grant to override the previous grant). Both RAN1 and RAN2 should further study this topic.
RAN2 has further agreed to identify issues and solutions relating to Intra-UE UL Data-Data prioritization in an email discussion, without delving into stage-3 details [4]:
	[104#38][NR/IIOT] Intra UE prioritization UL Data Data (Interdigital)
	Intended outcome: Report, Identify issues, identify solutions (try to avoid stage-3 details to the extent possible)
	Deadline:  Thursday 2019-02-07


This contribution summarizes the email discussion on Intra-UE UL Data-Data prioritization. 
Discussion
I-IoT devices support mixed traffic types of varying latency and reliability requirements, possibly concurrently for a given UE. A UE may have multiple uplink grants available for transmission of data, possibly each for traffic with different priority levels, and indicating transmissions that can overlap in the time domain. 
Considered Scenarios
It is beneficial to begin with a clear common understanding of the Intra-UE UL Data-Data prioritization scenarios to be investigated by RAN2. As of RAN2#104 [4], it was agreed to work on scenarios 2 and 3:
· Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grants
· Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
In RAN1#95, RAN1 agreed to support multiple active configured grant configurations as follows [5]:
	Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
Note: it is understood that the above may be related to RAN2 led work on intra-UE multiplexing


RAN1 has not provided any details on resource configuration, as such aspects are typically within RAN2 scope of work, nor has RAN1 indicated any possible restrictions. It may thus be fair to assume that multiple active configured grants may overlap in the time domain. In this case, overlapping configured grants may be considered for intra-UE UL prioritization with similar challenges as for scenario 2 and 3.
Question 1: Do you agree that RAN1’s decision to support multiple active configured grants implies that they could overlap in the time domain, from a resource configuration perspective?
	Company
	Response
	Additional Comments

	Name
	Yes / No
	If “No”, please clarify why such overlap should be precluded.
If “Yes”, please confirm whether RAN2 should further consider this scenario?

	MediaTek
	Yes
	RAN2 should define rules to determine the transmission to prioritise when multiple active CGs overlap in time.

	DOCOMO
	Yes
	RAN2 should further study the scenario where the resources are collided between multiple configured grant configurations. 

For the LS R2-1818991, RAN1 agreements @ RAN1#95 were following:
Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing

Our understanding is that the above underlined parts implies that following two use cases motivate to support multiple configured grant configurations:
· Use case 1: Support different service/traffic types with different requirements on latency, reliability, packet size etc., running simultaneously at the UE side;
· Use case 2: To ensure K repetitions without sacrificing the latency for a given URLLC service, similar as multiple UL SPS configurations supported in LTE HRLLC. The main features for use case 2 are following:  
· The multiple configured grant configurations have the same periodicity but can have different time offsets
· UE should start PUSCH transmission at the beginning of a first repetition of a transmission occasion of a configured grant configuration and continue K times repetition.

For the both of above use-cases, multiple active configured grants could overlap in the time domain, from a resource configuration perspective.


	Ericsson
	Yes
	Firstly, gNB might intentionally allocate multiple time-overlapped CG configurations. The use case is to ensure both a minimal mis-alignment of data arrival and K-Repetition of TB, as it is the case for LTE rel-15 URLLC WI. 
Secondly, multiple active configured grants have been proposed in RAN2 to support multiple periodic TSN flows for one UE. Because the periodicity and offset within the periodicity might be different from different flows, gNB might not be able to guarantee that CGs will not overlap in time.

	Huawei, HiSilicon
	Yes
	When multiple configured grant configurations are active for serving different services with different periodicities, it is practical that multiple active CGs are overlapped in time domain. Therefore, it is necessary to handle the overlapped CGs in addition to overlapped dynamic grant/dynamic gran and overlapped dynamic grant/configured grant. 

	CMCC
	Yes
	

	Apple
	Yes
	It’s possible for the NW to activate multiple CGs with different periodicities simultaneously, and they could overlap in some timepoint. RAN2 should define the UE operation on the CG collision.   

	Lenovo
	Yes
	RAN2 should consider multiple active CG allocation s within one serving cell which are (partially) overlapping

	SONY
	Yes
	We agree comments from DOCOMO and Ericsson.

	OPPO
	Yes
	[bookmark: OLE_LINK2]The conflict on multiple configured grants is unavoidable if there is a need to support different services/traffic types, thus it is necessary to address such overlapped CGs case.

	Xiaomi
	Yes
	Agree with DCM and Ericsson

	LG
	Yes
	Each TSN flow has its own traffic pattern, and it is possible that multiple TSN flows are ongoing for one UE at the same time. Thus, multiple active configured grants should be supported. Special handling for overlapping CG in time domain could be discussed further.

	NEC
	Yes
	RAN2 should further study this scenario and define rules for handling different overlapping grants

	Nokia
	Yes
	We agree with Docomo and Ericsson regarding the use cases of multiple active configured grants. In this sense, it is inefficient if the resources of these configured grants do not overlap in time. 

	CATT
	Yes
	A consequence of supporting multiple active CG configurations per BWP with flexible periodicity is that it is very likely that the resources of different configured grant configurations may collide in time.

	ZTE
	Yes
	We think the reasons mentioned in RAN1 discussion is reasonable, thus we agree with RAN1’s decision.

	Panasonic
	Yes
	RAN2 should further discuss such behavior when multiple CGs overlap in the time domain.

	Samsung
	Yes
	

	vivo
	Yes
	More than one active configured grant may be applied to, e.g. one UE which has both URLLC and VoNR services.  To meet the latency requirement of URLLC service,   the configured grant for URLLC may allocate dense resource in time domain. Restrict the configured grant for VoNR never overlap with configured grant for URLLC in the time domain will grant limit the resource allocation in gNB, and may reduce the system capacity. 
Therefore, we agree that support multiple active configured grants implies that they could overlap in the time domain. And RAN2 needs to handle this issue.

	III
	Yes
	In case multiple flows with different periodicities and different start time, multiple CGs with overlapped time can be configured for the flows. 

	Fujitsu
	Yes
	It could be both for Type 1 and Type 2. In addition, for a periodical traffic with variable message sizes, the gNB may also configure multiple configured grant configurations for the different message sizes of the traffic. These configured grants may be overlapped in time-domain.

	InterDigital
	Yes
	RAN2 should study this scenario part of UL data-data prioritization

	ITRI
	Yes
	Configured grant can be used for different service types, especially for URLLC with shorter periodicities in IIoT. In order to enhance the resource efficiency, it is reasonable to support multiple active configured grants which overlap in the time domain.

	Sequans
	Yes
	

	Qualcomm 
	Yes 
	We mostly agree with the two use cases provided by Docomo and Ericsson where overlapping configured grants are useful (although we don’t see need for k-repetition for the first use case where shifted overlapping configured grants can be used).
Conflict resolution for the first use case (overlapping configured grants for same traffic) is different from second (overlapping configured grants for different traffic).
Remark on the second use case: Multiple active configured grants can be useful in TSN use cases, where each configured grant could be associated with a different TSN flow in a UE. However, it is not clear if flow characteristics (offset, period etc) of TSN flows are such that they occasionally overlap. Note that cases other than occasional overlap can be addressed as follows:
· If TSN flows going through a UE always overlap in time (e.g., set of actuators under one PLC), this is not an issue since one configured grant can be 
· If TSN flows going through a UE never overlap in time, then overlap is not an issue obviously.
RAN2 perhaps cannot rule out occasional overlap of TSN flows. It will be good if any work tied to occasional overlap is well justified (e.g., by SA1).

	Intel
	Yes
	We agree that if multiple configured grants are used for multiple service types (e.g. with different QoS requirements implying potentially different TBS/MCS/resource allocation/etc.), it could be beneficial to support overlaps in time domain. 



Conclusion:
All companies agree that RAN1’s decision to support multiple active configured grants implies that they could be configured to overlap in the time domain for a given cell, and RAN2 should therefore consider such resource conflict scenario part of intra-UE UL data prioritization. 
[bookmark: _Hlk276208]Proposal 1:	RAN2 shall study resource conflicts between multiple active configured grants, in addition to Scenarios 2 and 3, part of UL data-data prioritization.

Issues with Intra-UE UL Data-Data Prioritization
For simplicity, it may be beneficial to generalize the treatment of different cases of resource conflicts between configured/configured, configured/dynamic and dynamic/dynamic grants for a new transmission; the only difference is how the UE acquires the grant information. A configured grant can be processed ahead of time such that the UE is assumed to have sufficient processing time for such grants, while a dynamic grant requires PDCCH decoding and DCI processing in real-time, and thus assumes that the UE has up to the minimum required processing time for completion.
Question 2: Do you agree that RAN2 should aim at addressing all cases of resource conflicts between all combination of grant types in the same manner, if possible?
	Company
	Response
	Additional Comments

	Name
	Yes / No
	If “No”, please clarify why it would be significantly beneficial to treat combination of grant types differently from each other.

	MediaTek
	No
	For a grant that overlaps with a configured grant, RAN2 ought to define rules to determine the grant to be prioritised. 
For the dynamic/dynamic grant overlap case, the UE ought to follow the latest instruction from the gNB.
We don’t think that there is a significant difference in the processing time for configured and dynamic grants, as LCP should be run as late as possible to ensure high priority data is sent in time.

	DOCOMO
	-
	RAN2 should aim at addressing all cases of resource conflicts between all combination of grant types. However, it is premature to conclude handling for all the cases, e.g., dynamic grant vs dynamic grant, dynamic grant vs configured grant, configured grant vs configured grant, is in the same manner. Depending on the collision case, UE may have different processing procedures in PHY and MAC layers. We should investigate handling of resource conflicts for each case, and then decide whether common solution is feasible/preferable. 

	Ericsson
	Yes and no
	We agree that we should aim to address all cases in the same manner, if possible. On the other hand, we should be open to any specific mechanism if there are reasons to do so.  Since RAN2 does not have a complete understanding of each case yet, we should revisit this issue after first going through and discussing each scenario in detail. 
Our first initial analysis shows that there can be differences between the case where configured grant is involved and the case where the configured grant is not involved. The details are in the answer to the question 3 below.

	Huawei, HiSilicon
	Yes but
	From RAN2 point of view, we don't see a strong need to distinguish the treatments of different cases of resource conflicts so far. For the case of dynamic/dynamic conflict, following the common rule (e.g. prioritizing the grant with highest priority data to be transmitted) can also allow the network to schedule a new grant to override the previous one.
But some details of prioritization rule (e.g. how to specify the rule with minimum impact to the R15 spec and what if both grants can be used for the highest priority data) can be defined in WI phase. For the time being, we think it is simple to assume a common treatment for different cases as mentioned by the rapporteur and leave the details of prioritization rule FFS.

	CMCC
	YES but no
	The target of addressing all cases of resource conflicts between all combination of grant types is agreed. But FFS whether or not they should be treated with the same manners.

	Apple
	Yes
	In general, we prefer to have common rule to handle all the collision cases, prioritization based on the priority of the data to be transmitted. 

	Lenovo
	Yes/No
	Even though it would be preferable to have a common behaviour, we think that RAN2 should first study the different conflicting scenarios case by case. Different colliding cases may be handled differently. For example for the case of two colliding dynamic grants, UE should follow the latest received dynamic grant, i.e. preempting grant. For cases of collision between configured grant and dynamic grant the UE behaviour may be depended on the (priority) of the data, the assigned MCS or other factors. 

	SONY
	No
	First we have to look the best solution for each case:
· Configured grant colliding with dynamic grant 
· Dynamic grant colliding with dynamic grant and 
· Configured grant colliding with configured grants.

	OPPO
	Yes but
	We aim to find a unified solution for all conflict cases. But, as we all known, different conflict cases are related to different details, and how to select the solution for each case should be based on pros and cons, thus it is hard to say whether same manner is fine for all cases at this stage.

	Xiaomi
	Yes, Best effort
	In principle, we should aim at one unified solution for all the cases, but optimization should be allowed case by case. 

	LG
	Yes
	We think there is no big difference between a dynamic grant and a configured grant in terms of processing time. Moreover, it is also up to UE implementation when to perform the LCP procedure for any type of uplink grants. Thus, we don’t need to specify different rules for each combination of grant types. All cases of resource conflicts should be addressed in the same manner in consideration of traffic priorities.

	NEC
	Yes (if possible)
	RAN2 should aim at addressing all cases of resource conflicts between all combinations of grant types in the same (or similar) manner, i.e. unified solution as much as possible. The final decision should be made after more investigations and analysis.

	Nokia
	Yes and No
	We think a unified prioritization mechanism should be adopted by RAN2 to handle all resource collision cases involving configured grants. For collision between dynamic grant and dynamic grant, however, a simpler rule could be used instead (e.g. the later grant always override the earlier grant, as the gNB should only assign the new grant if it foresees the necessity)

	CATT
	Yes and no
	We could indeed aim at a unified prioritization mechanism addressing overlapping resources between CG/DG and CG/CG. But for DG/DG it seems obvious to us that if gNB schedules a new UL grant overlapping with a previously scheduled UL grant, it is on purpose and UE should follow gNB instruction to preempt the previous transmission. Note this is different from CG/DG case where NW can schedule a dynamic UL grant for eMBB (overlapping with a configured grant) to be used by the UE in case it has no data for the configured grant and would have skipped it. This is a way to improve the resource efficiency, also considering the higher configured grant density expected in rel-16.

	ZTE
	Yes and NO
	It would be nice to have a common resolution to all of these collision cases, since the different cases may have different features, thus these differences  should  be taken into account,  for example, the collision between configured grant type 2 and dynamic grant, since configured grant type 2 is predictable and the dynamic grant is scheduled by the NW’s intention, thus we can assume the collided dynamic grant should be always prior to the configured grant type 2 transmission which was already captured in Rel-15.

	Panasonic
	Yes and No
	We think configured vs configured and configured vs dynamic can be addressed in the same manner and this problem should be resolved by RAN2. However dynamic vs dynamic, we prefer to leave up to RAN1 design.

	Samsung
	Yes/No
	Simple and unified solution is always preferable if there is no difference on performance. But it is not clear at this moment.

	vivo
	Yes/No
	MAC doesn’t always select one grant between multiple conflicting grants. In some cases, the MAC may select both.  For example, a URLLC packet arrives at MAC when an eMBB TB is transmitting at the PHY. The MAC may instruct the PHY to transmit the URLLC with a grant which conflicts with the ongoing eMBB TB in time domain.  
In this case, the PHY can follow the latest instruction from MAC and drop the ongoing eMBB TB. 
MAC is informed about UL grant information from PHY layer. Or MAC is informed about the intended traffic categories of the UL grant by RRC. 

	III
	No 
	For CG overlapped by dynamic grant, RAN2 should study mechanisms to avoid dynamic grant prioritizing CG. 
For dynamic grant overlapped by dynamic grant, UE should follow the latest dynamic grant. 
For CGs overlapped by the other CG, this case should be de-prioritized because multiple CGs overlapping in time can be configured. 

	Fujitsu
	FFS
	We would look at how the UE should process grants case by case. Then if we see that generalization is possible, we can do it.

	InterDigital
	Yes
	It might be preferable to address all cases of data-data resource conflicts, including dynamic/dynamic grant conflicts, with the same baseline solution. In principle, the type, duration or reception time of a grant does not necessarily correlate with the priority of a transmission or, more generally, QoS. The suggestion that those properties would be used to determine priority is rather related to specific scheduler implementation approaches. It would be more flexible to use an approach that is applicable to any transmissions. However, we have no strong opinion if the majority of companies prefer to assume that the type and the timing of grants are used.

	ITRI
	Yes/No
	Although we prefer to have common rule to handle all the collision cases, there need more discussion on MAC/PHY multiplexing at this moment, e.g., the timing of LCP procedure.

	Sequans
	Yes/No
	Common rule is preferred and should be aimed at, but it may not be possible to adopt the same rule for all collision cases.

	Qualcomm
	
	This should be addressed in a case-by-case manner and depends on MAC’s role in conflict resolution in each case.

	Intel
	Yes/No
	For the collision between dynamic grant and dynamic grant, we agree that latest dynamic grant can be followed.
We prefer to have a unified approach to handle other resource collision cases: between configured and dynamic grant, and between configured grants. 



The conclusion for this question is made together with Question 3 below.
UE selection of the most suitable grant with overlapping grants
Given two uplink resources that overlap in the time-domain, the UE must select one of the available grants for the transmission of a Transport Block (TB). The UE can select the most suitable grant only if the UE has sufficient processing time before the start of the transmission that is earliest in time. The UE’s selection of a grant impacts which LCH(s) are served by the LCP procedure for the corresponding TB as a function of the configured mapping restrictions and of the priority of the applicable LCHs. The UE’s selection of the grant may also affect how much data will be served when the TB size for each grant differ. 
In this case, the most suitable grant would ideally be the grant that serves specific LCH(s) e.g., based on mapping restrictions and configured priorities. Only LCHs with data available for transmission should be considered when selecting the most suitable grant. Nevertheless, from the perspective of a scheduler implementation, it may be beneficial to have a clear, unambiguous and specified UE selection behavior.
Question 3: Do you agree that RAN2 should specify in MAC how the UE performs the selection of a grant for cases of resource conflicts between multiple grants?
	Company
	Response
	Additional Comments

	Name
	Yes / No
	If “No”, please clarify whether this should be left to UE implementations, handled by the physical layer (e.g., by uplink pre-emption), only for specific combinations of grant types or other consequences of your response.

	MediaTek
	Yes
	

	DOCOMO
	Yes or No depends on collision cases 
	We consider it is more feasible to discuss following collision cases separately. 
· Case 1: collision between dynamic grant and dynamic grant
· How the UE performs the selection of a grant should be defined in physical layer, e.g. DCI indication or UL grant reception timing such as when the PUSCH scheduled by a dynamic grant overlaps with another PUSCH scheduled by another dynamic grant in time, PUSCH scheduled by the later grant take priority and is transmitted. 
Case 2: collision between dynamic grant and configured grant
· For collision between the dynamic grant and configured grant, both MAC layer and physical layer are aware of the configured grant. In Rel.15, MAC layer specifies that dynamic grant override the configured grant. Then for Rel.16, we think the collision between the dynamic grant and configured grant can be defined in MAC.
· Case 3: collision between configured grant and configured grant
· For collision between configured grants, MAC layer should make the selection at least for use case 1 that multiple configurations are used to support different services. While for use case 2 that multiple configurations are used to guarantee the number of repetitions, on a serving cell, an ongoing UL configured grant repetition transmission should not be interrupted by another UL configured grant repetition configuration having new data arriving.

	Ericsson
	Yes and no
	For the case of dynamic grant versus dynamic grant, gNB is aware of the first UL grant, and thus the purpose of the second UL grant is to preempt the first UL grant. From MAC spec point of view, it might be easier if we simply build two MAC PDUs and let PHY decide whether it should cancel or preempt. Note that, gNB would anyhow send a retransmission UL grant later for the preempted/canceled MAC PDU. 
For the case of configured grant versus dynamic grant, rel-15 MAC performs the selection and chooses dynamic grant over configured grant. In the other two cases that configured grant has a higher priority over dynamic grant and configured grant versus configured grant, we can further discuss if we want MAC to do the selection, rely on PHY to cancel/preempt the transmission, or both.

	Huawei, HiSilicon
	Yes
	

	CMCC
	Yes
	Both of MAC specification impacts and inter-layer signaling between MAC and PHY are required to be investigated, especially for cases of configured grants vs configured grants and configured grants vs dynamic grants. For dynamic grant vs dynamic grant, it is more or less a gNB implementation issue, it might be enough for UE to use the latest dynamic grant.  

	Apple
	Yes
	

	Lenovo
	Yes/No
	We think that RAN2 should first study every collision scenario and then decide behavior for grant selection. As mentioned by Ericsson we also think that for the two colliding dynamic grant case UE follows the latest received DCI.

	SONY
	Yes and no
	Agree with DOCOMO in the above comments.

	OPPO
	Yes
	

	Xiaomi
	Yes
	MAC is a better location than PHY to do this.

	LG
	Yes
	

	NEC
	Yes
	Grant selection rules should clearly be defined in MAC so that grant selection can be done dynamically and appropriately. It should also support semi-static way of changing the rules by signaling mechanism to support different kind of futuristic services.

	Nokia
	Yes
	First of all, we would like to point out that in our view, the UE may stop and even pre-empt the on-going PUSCH transmission of a grant if it chooses to process a later grant instead. Therefore, we do not agree the assumption in the text above: “The UE can select the most suitable grant only if the UE has sufficient processing time before the start of the transmission that is earliest in time.” 
RAN2 should study how MAC can handle grant collision issues. In particular, as in general MAC processes grants in a sequential manner, when processing each grant the UE should determine if this grant should be processed and interrupt the previous one.  This is particularly applicable to collisions involving configured grants.

	CATT
	Yes and no
	As mentioned in Q2, for DG/DG case, UE should follow the gNB instruction to preempt. And this can be handled in PHY which can derive the preemption by itself from PDCCH parsing without the need for MAC to explicitly instruct anything. Hence, the impact on MAC is likely minor such as e.g. what to do with the MAC PDU which was assembled for the preempted transmission.
For both CG/DG and CG/CG cases we agree the prioritization mechanism should be handled in MAC and discussed in RAN2. However, RAN1 may also bring their own criterions for prioritization.

	ZTE
	Yes/No
	Since the timing of LCP procedure is up to UE’s implementation, once the UL grant received, UE may start the LCP procedure without waiting for the possible conflict UL grant. Thus we think it would be hard to specify when and how the UE should process the selection of grant. Unless the timing of LCP procedure can be specified,   it maybe impossible do the UL grant selection by MAC itself.


	Panasonic 
	Yes or No depends on collision cases
	RAN2 should specify the rule for two cases i.e configured vs dynamic 2) configured vs configured.
For dynamic vs dynamic case should be discussed in RAN1.

	Samsung
	Yes but
	For dynamic grant vs dynamic grant, UE can simply follow the latest assignment which can be specified in PHY spec.
For other cases, if it is necessary, it should be specified in MAC since MAC already specified collision case between PUSCH and configured grant.

	vivo
	Yes
	LCH mapping restrictions and LCH priorities need to be taken into account.

	III
	Yes
	Agree with Samsung. 

	Fujitsu
	FFS
	As commented by Q2, which layer (PHR or MAC) is proper to specify the grant conflict handling would be decided based on the case by case study.

	InterDigital
	Yes
	As explained in our previous answer.

	ITRI
	Yes
	A grant selection rule in MAC is a better way than in PHY for prioritization handling.

	Sequans
	Yes
	UL grant selection should be part of MAC. 

	Qualcomm 
	No and Yes
	For conflict between two dynamic grants, PHY can decide between two transmissions because PHY is better suited to resolve collisions factoring in aspects like grant priority (which could be indicated for e.g., using new L1 signaling which tells UE whether grant is for high priority traffic or not).
For conflict between a dynamic grant and a configured grant, MAC (or upper layers) can assist PHY to ensure that a configured grant for high priority traffic (e.g., URLLC which uses high reliability MCS table) overrides dynamic grant for lower priority traffic (e.g., eMBB) in case of a conflict between them. PHY can then resolve the conflict based on indicated priority and priority information available at PHY for dynamic grant (e.g., using L1 signaling which tells UE whether grant is for high priority traffic or not)
RAN2 can specify resolution of conflict between two configured grants in MAC considering whether a configured grant is for high priority traffic (e.g., indicated by MCS table type associated with it). Note that these priorities are static (i.e., set during configured grant configuration). Benefits of more dynamic priority determination considering factors such as LCH priorities and LCP restrictions should be well justified.

	Intel
	Yes/No
	As in previous answer.


Conclusion for Questions 2 and 3:
10 companies indicated that RAN2 should aim to treat prioritization in all scenarios of resource conflicts in the same manner, if possible; RAN2 Should specify in MAC how the UE performs the selection of a grant for cases of resource conflicts between multiple grants.
Huawei, Apple, OPPO, Xiaomi, LG, NEC, ZTE, InterDigital, ITRI, Sequans
14 companies also agreed, but indicated that for resource conflicts between dynamic/dynamic grants, the prioritization in MAC should not apply. Instead, the UE prioritizes the later received grant, or generates a PDU for each grant and let the physical layer handle prioritization between transmission.
MediaTek, Docomo, Ericsson, CMCC, Lenovo, Sony, Nokia, CATT, Panasonic, Samsung, Vivo, III, Fujitsu, Intel
1 Company thinks separate solutions should be studied for each scenario, depending on the combination of grant types and MAC’s role in conflict resolution. Prioritization in MAC is limited to conflicts between configured grants: Qualcomm

[bookmark: _Hlk276529]Proposal 2:	MAC specifies the UE selection of a grant when there is at most one dynamic grant in the set of conflicting grants.
Proposal 3:	Working assumption: For resource conflicts between only dynamic grants, MAC generates a PDU for each grant. To be confirmed following progress in RAN1.
When the UE has sufficient processing time to perform the selection of a grant, a prioritization mechanism can be considered such as those mentioned in [6-12] for the prioritization rule in MAC:
1. based on the highest priority of data carried in each grant: 
The UE prioritizes the grant on which data of the highest priority can be transmitted, considering LCP restrictions and LCH priorities [6-9]. For example, the priority associated to a grant can be determined as that of the LCH of the highest priority for which data can be transmitted with the concerned grant.
2. based on the grants’ PUSCH durations: 
The UE prioritizes the grant with PUSCH duration meeting the PUSCH duration LCP restriction of the highest priority LCH with buffered data [10].
3. based on grant type:
The UE prioritizes a type 1 configured grant over a dynamic grant if data of highest priority can be transmitted on the type 1 configured grant. Otherwise (i.e., if the configured grant is type 2), the UE prioritizes the dynamic grant [11].
For the first approach, all LCP restrictions are considered when evaluating the grant’s priority. The second approach is a special case of the first approach, where only the PUSCH duration LCP restriction is considered. The third approach prioritizes grants based on grant type. Generally, most approaches consider prioritizing grants based on the highest priority of data that can be transmitted in the grant.
Question 4: Do you agree that UE MAC selection of a grant for cases of resource conflicts between multiple grants should consider at least LCH mapping restrictions and LCH priorities?
	Company
	Response
	Additional Comments

	Name
	Yes / No
	Comments on reasoning.

	MediaTek
	Yes
	The resource that is rioritized in case of a conflict, should correspond to the most important data being transmitted.

	DOCOMO
	Yes
	Enhancements on the mapping restrictions for each logical channel can be considered, e.g. restriction based on Type 2, MCS table use etc.”. 

	Ericsson
	Yes
	LCH restriction and priority is a single component among others that is needed to completely solve the selection of grants with resource conflicts.

	Huawei, HiSilicon
	Yes
	Our understanding is that the prioritization rule should take the LCP restriction and LCH priority into account in order to guarantee that URLLC traffic can be mapped to the suitable uplink grant resource. 

	CMCC
	Yes
	More factors such as MCS table should be taken into account for selection of a grant for cases of resource conflicts between multiple grants.

	Apple
	Yes
	

	Lenovo
	Yes /No
	For the case of two colliding dynamic grants we think that UE follows the latest received DCI, i.e. network pre-empts the previous allocation. However for other collision cases the LCH mapping restrictions should be considered. Even though this means basically that UE has to (partially) perform LCP for the two allocations and then decide based on the results of LCH selection. 

	SONY
	Yes and no.
	The grant is just a resource to be filled, so it should be possible to choose the grant that can carry more data (i.e. larger TB) in order not to waste a lot of valuable resources. Then what needs to be filled in that larger TB should be based logical channel prioritizations in principle. 
However, the URLLC/iIoT traffic must be delivered within a certain window, in our view this window is the periodicity of the URLLC traffic. Slot is the main scheduling unit in NR, so if the periodicity of CG is equal or larger than a slot, the UE should multiplex the URLLC traffic into the DG PUSCH, where the URLLC traffic has priority over eMBB traffic during the Logical Channel Prioritization operation, and use the low spectral efficiency MCS table to provide the required reliability.
If the periodicity of CG is less than a slot, it implies that the time window to be delivered the URLLC traffic is less than the maximum scheduling duration of NR (i.e. slot). Hence from the latency perspective the URLLC traffic cannot be multiplexed into the DG PUSCH with slot-wide duration, in this case CG must be prioritized in conjunction with logical channel mapping restrictions.

	OPPO
	Yes
	LCH mapping restrictions and LCH priorities should be considered here for grant selection.

	Xiaomi
	Yes
	

	LG
	Yes
	The UE should prioritize the grant for data having the highest priority.

	NEC
	Yes
	Along with existing rules, enhancements to support flexible selection of grant can be studied.

	Nokia
	Yes
	This is simpler to select the grant by comparing the LCH priority carried (and to be carried) by conflicting grants directly. With restrictive mapping between LCHs and grants, it would simplify the determination procedure on whether the grant should be processed and to override the any other grants processed previously with overlapping resource in time. We think this is only applicable to collision cases involving configured grants. 

	CATT
	Yes
	We think at least LCH mapping restrictions and LCH priorities are the basic parameters to be considered for grant selection. However, other parameters are not excluded; especially RAN1 may add some requirements.
And again, this is only for CG/DG and CG/CG collision cases.

	ZTE
	Yes
	

	Panasonic
	Yes
	

	Samsung
	Yes
	Also other factors, e.g. MCS table or RNTI can be considered. 

	vivo
	Yes 
	LCH mapping restrictions and LCH priorities need to be taken into account. MAC is informed about UL grant information from PHY layer. Or MAC is informed about the intended traffic categories of the UL grant by RRC.

	III
	Yes
	R-15 LCH restrictions and priorities can be baseline for grant selection. Other LCH restriction parameters, such as URLLC/IIoT traffic types for transmitting URLLC/IIoT data on dedicated grant can be studied in R-16. 

	Fujitsu
	Yes
	

	InterDigital
	Yes
	

	ITRI
	Yes
	

	Sequans
	Yes
	Rel-15 LCH restrictions may also need to be enhanced.

	Qualcomm
	Yes
	For resolving conflicting configured grants, LCP mapping restrictions and LCH priorities can be evaluated. 
As noted in response to question 3, a priority (e.g., indicated using RRC signaling) associated with configured grant should be the primary factor.

	Intel
	Yes
	


Question 5: Should UE MAC selection of a grant for cases of resource conflicts between multiple grants consider only LCHs for which the UE has data available for transmission?
	Company
	Response
	Additional Comments

	Name
	Yes / No
	Comments on reasoning.

	MediaTek
	Yes
	The resource selection should be based on the priority of the actual data being transmitted.

	DOCOMO
	
	Not sure about the exact intention of the question.
If it intends for the case that the collision between the new data initial/first transmission and new data initial/first transmission, if MAC layer is required to make the selection, only LCHs for which the UE has data available for transmission can be considered. While for the collision between the new data initial/first transmission and data retransmissions or new data repetitions other than the first transmission, further discussion is needed. 
If it intends for the case that the UL grant for which data is not accommodated does not need to be prioritized over other grant. For example, even while UE receives UL grant for high priority data, if the data does not exist, the grant can be deprioritized. For such case, we agree. 

	Ericsson
	Yes 
	

	Huawei, HiSilicon
	Yes
	To improve the efficiency of eMBB transmission, the dynamic grant intended for eMBB should be selected if there is no URLLC data available to transmit over the configured grant. Therefore, the prioritization rule should only consider the LCHs with data available for transmission.

	Apple
	Yes
	

	Lenovo
	Yes
	 

	SONY
	Yes
	

	OPPO
	Yes
	Whether there is available data to transmit on the specific logical channel(s) should be checked before/when MAC checking LCH mapping restriction. 

	Xiaomi
	Yes
	

	LG
	Yes
	

	NEC
	Yes
	

	Nokia
	Yes But …
	Indeed, the priority of LCHs with data available in the buffer should be considered to determine how a grant should be processed (proceed or drop). This is applicable mainly to collision cases involving configured grants.
However, in cases where the PUSCH of the earlier grant has already started, the LCHs carried by the previously processed grants with overlapping resource in time should be considered as well, in order to avoid interrupting the on-going transmission that carries LCHs with even higher priority than the LCHs that currently have data available.

	CATT
	Yes
	As in LCP.

	ZTE
	Yes
	

	Panasonic 
	Yes
	

	Samsung
	Yes
	

	vivo
	Yes
	

	III
	Yes
	Agree with Nokia. LCHs with data and the LCH of the conflict resources should be compared together. 

	Fujitsu
	Yes
	

	InterDigital
	Yes
	

	ITRI
	Yes
	

	Sequans
	Yes but
	Agree with Nokia 

	Qualcomm
	Yes
	In cases where MAC is involved (in selecting between conflicting configured grants)

	Intel
	Yes
	


Question 6: Specifically, do you agree that MAC should prioritize the grant for which data of the highest priority can be transmitted, considering LCP restrictions and LCH priorities?
	Company
	Response
	Additional Comments

	Name
	Yes / No
	If “No”, indicate which approach is preferred or whether RAN2 should consider other solutions.

	MediaTek
	Yes
	In case of a resource conflict with multiple overlapping UL grants, UL grants should be rioritized based on the highest priority LCH carried in the corresponding TBs. There can be additional criteria as well (e.g. the size of the grant) but these need a fuller discussion (and justification).

	DOCOMO
	
	See replies to Question 5.  

	Ericsson
	Yes 
	

	Huawei, HiSilicon
	Yes
	MAC is responsible for selection of the grant and MAC PDU assembly and therefore, it is reasonable for MAC to prioritize a grant in case of overlapping according to the prioritization rule to be defined as long as the selection is “feasible”, i.e.  when the MAC PDU has not been assembled by MAC.

	Apple
	Yes
	

	Lenovo
	Yes/No
	As mentioned before it depends on the scenario. For two colliding dynamic grants UE follows the latest grant according to our understanding.  

	SONY
	Yes
	See also our comments in Question 4.

	OPPO
	Yes
	

	Xiaomi
	Yes
	

	LG
	Yes
	

	NEC
	Yes
	

	Nokia
	Yes
	This makes sense to prioritize the grant that carries the LCH with the highest priority. 

	CATT
	Yes
	

	ZTE
	Yes
	

	Panasonic 
	Yes
	

	Samsung
	Yes
	

	vivo
	Yes 
	Then MAC can identify the LCH of the highest priority can be transmitted and prioritize the grant for the LCH considering LCP restriction.

	III
	Yes
	

	Fujitsu
	Yes
	

	InterDigital
	Yes
	

	ITRI
	Yes
	

	Sequans
	Yes but
	Same concerns as Docomo.

	Qualcomm
	May be
	This applies to resolving conflict between configured grants. 
Please see comments for Question 3.

	Intel
	Yes
	


Conclusion for Questions 4 to 6:
A sizable majority of companies agree that the MAC entity should prioritize selection of the grant on which data of the highest priority can be transmitted, considering the configured LCP restrictions and LCH priorities.
[bookmark: _Hlk276640]Proposal 4:	For cases when MAC selects 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.
Support for dynamic UE determination of a grant’s “priority”.
In R15, LCP mapping restrictions are semi-statically configured. It may be beneficial from the perspective of reducing the requirement related to the UE processing time and/or for more flexibility in scheduling UEs supporting traffic of different reliability requirements to consider means to indicate a priority for each grant dynamically in support of the above cases. 
For example, [9, 12, 13] suggest associating each grant with a priority level that is either indicated by L1 for dynamic grants or semi-statically configured for configured grants. RRC can configure each LCH with a priority level, such that the UE MAC LCP can match data from different LCHs with the most suitable UL grant using their respective priority. The priority level could be indicated as a priority for a dynamic grant explicitly by DCI signaling or implicitly (e.g., from search space or RNTI). The exact details would be left to RAN1 to discuss and decide.
Question 7: Do you agree that RAN2 should investigate means to dynamically indicate a priority level per grant, e.g. for use in LCP? The exact details would be discussed in RAN1.
	Company
	Response
	Additional Comments

	Name
	Yes / No
	Comments on reasoning. If negative response, comment on whether RAN2 should consider any additional aspects instead.

	MediaTek
	No
	No need seen for such an optimization. As the number of TUs allocated for this SI/WI are limited, only essential changes to the Rel-15 baseline to support IIoT deployments should be discussed.

	DOCOMO
	
	For dynamic grant, it is more suitable to be discussed in RAN1.
For configured grant, RAN2 can discuss it, e.g., by priority based on signalling/configuration.

	Ericsson
	Yes and no
	A priority level per grant indication can potentially address most of the cases. However, RAN2 can only agree now that it might be beneficial to have such an indication. We should only discuss the details in the WI phase once RAN1 has agreed to introduce such an indication. 

	Huawei, HiSilicon
	No
	As a baseline, we should avoid any change to the DCI signaling and content in R16. Consider the reliability requirements for IIoT traffic, the PUSCH duration only cannot ensure the reliability requirement, and it is necessary to take the reliability of the uplink grant into account based on the existing RNTIs to make sure that IIoT can be transmitted on the uplink grant which is able to achieve a high reliability. 

	Apple
	No
	For the priority for prioritization handling, we think the baseline is to configure the priority in the LCH configuration by RRC signaling. 

	Lenovo
	Yes/No
	The “priority” indication seems to have the same functionality as the LCH restriction function in MAC. Therefore we are currently not sure whether this is needed.  On the other hand a Priority indication sent in DCI should be anyway studied in RAN1 not in RAN2.

	SONY
	Yes 
	RAN2 can discuss it, but it is up to RAN1 to make decision.

	OPPO
	No
	We can further discuss it once the solution is agreed by RAN1.

	Xiaomi
	
	RAN1 to decide on this solution

	LG
	Yes
	When two TSN flows are ongoing at the same time, the gNB can activate two configured grants for one UE. However, current LCP restriction cannot separate different TSN flows into different UL grants and it may cause inaccurate QoS management. Thus, we need to investigate means to indicate a priority level per grant.

	NEC
	Yes/No
	Similar view as Lenovo. Also, RAN1 should discuss first.

	Nokia
	No
	As we mentioned in previous questions, the prioritization should be based on LCH priority carried and to be carried by the grants, and the existing LCP restrictions are sufficient for different traffics to be carried by the suitable grants. So, there is no need to assign priority levels per grant, especially “dynamic” indication via DCI would result in RAN1 impacts, which is not desirable.

	CATT
	No
	It can be discussed in RAN1 although from RAN2 perspective it seems redundant with existing LCH priorities and LCP restrictions.

	ZTE
	No
	We do not think such method is RAN2 scope.

	Panasonic
	No
	This should be discussed in RAN1. Additionally we prefer to keep simple rule without additional indication from RAN1 i.e UE should always follow the latest instruction from gNB.

	Samsung
	No
	Existing mechanism with priority and LCP restriction by RRC are sufficient in RAN2 perspective. 

	vivo
	Yes/No
	RRC needs to configure the mapping relationship between LCH and priority level. Therefore, RAN2 needs to involve in the investigation.
However Phy information is also needed.  Like E/// ‘s comments.


	III
	Yes/No
	We agree with Ericsson and vivo. Grant associated with priority level or allowed LCH sets can be useful for UE scheduling. 

	Fujitsu
	Yes
	As questioned in Q4, the baseline would be to consider at least LCH mapping restrictions and LCH priorities. If we see that this baseline is insufficient, we are open to discussion the dynamic priority. However, It may be beneficial to have dynamic indication by DCI. It is up to RAN1 to make the decision.

	InterDigital
	Yes
	We agree with Ericsson that a dynamic indication of a priority level per grant can address most of cases for intra-UE prioritization, and may be beneficial. It may also be more flexible than using existing LCH mapping restrictions. In addition, RAN1 might agree to support a dynamic indication in DL DCIs e.g., for the purpose of prioritization of UL control signalling (HARQ feedback for DL transmission) and UL transmissions on PUSCH. In such case, RAN1 may further consider also including such indication for UL DCIs as well (e.g., for DCI size alignment). RAN2 should thus discuss dynamic indication again during the WI phase once RAN1 has progressed.

	ITRI
	Yes/No
	Similar view as Lenovo. RAN2 may wait for RAN1’s decision.

	Sequans
	No
	For now we do not see the need.

	Qualcomm
	Yes/No
	Dynamic grant priority indication can be addressed by  RAN1.
Configured grant priority indication (e.g., via RRC signaling) is useful and can be discussed further in RAN2.

	Intel
	No
	We don’t think dynamic indication of priority level per grant in DCI is needed. Rel-15 NR LCP already has rules to derive the suitable LCHs from a grant, and that is sufficient. There is no need to indicate a new mechanism unless clear benefits are shown.


Conclusion:
14 companies seem to indicate that per-grant priority level indication can be beneficial, but should be studied in RAN1 first (at least for dynamic grants):
Docomo, Ericsson, Lenovo, Sony, Oppo, Xiaomi, LG, NEC, Vivo, III, Fujitsu, InterDigital, ITRI, Qualcomm
10 companies do not support such indication:
MediaTek, Huawei, Apple, Nokia, CATT, ZTE, Panasonic, Samsung, Sequans, Intel
[bookmark: _Hlk276728]Proposal 5:	It is up to RAN1 to decide whether priority level indication per grant can be supported. RAN2 should discuss whether an LS should be sent to RAN1 asking if such indication can be supported.
UE selection when processing time is insufficient
Grant selection according to priority rules discussed in the above can only take place if there is sufficient processing time available given the timing of the reception of the later grant. The processing time includes the time for decoding and processing the DCI, the time required to determine what data, if any, is applicable for each grant, and the time to select a grant and build a TB. If a UE cannot achieve these steps in time, the grant could be selected in a less than optimal manner. For example, given insufficient UE processing time for grant selection, in the absence of specified UE behavior, a UE may systematically perform a transmission according to the earlier (or later) received grant, and potentially assemble a TB with only padding information (or perform no transmission at all) when data could otherwise have been transmitted on the other grant.

UE processing time tProcMin
[bookmark: _Hlk534208341]Given the above and to facilitate further discussions, it is proposed to define the UE processing time tProcMin required for the selection of a grant as the time between:
· the reception of a grant indicating a transmission that at least partly overlap in time with another transmission for which a grant is already available to the UE; and
· the start of the earliest in time of the overlapping UL resources. 
The UE processing time tProcMin must be sufficient for the UE to perform any processing required for selecting the grant, for performing LCP, and for assembling the TB on time for the transmission according to the selected grant.
This is illustrated as tProcMin in figure 1 below.
	[image: ]


Figure 1: illustration of generalized intra-UE data-data resource conflicts
[bookmark: _Hlk534208889]Question 8: Do you agree that whether or not the UE MAC can select a grant based on a specified behavior is further dependent of the UE having sufficient processing time?
	Company
	Response
	Additional Comments

	Name
	Yes / No
	Comments on reasoning.

	MediaTek
	No
	Data prioritization can also lead to data pre-emption. In this case, the minimum processing time only applies to the DCI scheduling an uplink transmission. The minimum processing time for the UL DCI might need revision as it needs to include the time it takes to pre-empt an ongoing transmission.

	DOCOMO
	
	In general, processing time restrictions should be discussed in RAN1 and physical layer can make the selection based on the processing timeline constraints. 

In addition, we consider that two different minimum processing times can be considered, which makes UE behavior different.
· First minimum processing time is the same as the one shown in the above Figure 1; the UE minimum processing time tProcMin1 is defined as the time between 
· the end of the last symbol of the PDCCH carrying the UL grant scheduling the PUSCH that at least partly overlap in time with another transmission for which a grant is already available to the UE; and
· the start of the first symbol of the earliest PUSCH transmission which overlaps with the PUSCH transmission scheduled by the UL grant. 
· Second minimum processing time is different from the one shown in the above Figure 1; the UE minimum processing time tProcMin2 is defined as the time between
· the end of the last symbol of the PDCCH carrying the UL grant scheduling the PUSCH that at least partly overlap in time with another transmission for which a grant is already available to the UE; and
· the start of the first symbol of the PUSCH transmission scheduled by the UL grant.
[image: ]
If the time separation between the end of UL grant and the start of the earliest PUSCH transmission is equal to or larger than the minimum processing time tProcMin1, the UE should drop the whole PUSCH transmission on UL resource 1 as shown in Figure 1.
If the time separation between the end of UL grant and the start of the PUSCH transmission scheduled by the UL grant is equal to or larger than the minimum processing time tProcMin2 (but still smaller than tProcMin1), the UE should puncture the overlapped transmission on UL resource 1 or UE should drop the remaining transmission of PUSCH on UL resource 1 from the symbol overlapped with UL resource 2.
Which definition should be adopted can be further discussed in RAN1.

	Ericsson
	No
	The above Figure 1 is not clear, and we think these are a bit stage-3 details since the question is related with how UEs are implemented and the interaction between L1 and L2 specifications. 
In RAN1 spec 38.214, the minimum processing time refers to the time between the reception of a UL grant DCI and the PUSCH transmission. Rel-15 MAC has not specified MAC processing time, in the sense that it does not break down into the parts like at which time the MAC PDU should be built and at which time the MAC PDU should be passed down to PHY. Further, there is no mentioning of the processing time for configured grant.
It is our understanding that there was a similar discussion in rel-15 and it is agreed that this is up-to UE implementation, due to complexities. Our preference is that we follow in principle the rel-15 MAC spec, i.e., not mention processing time in MAC spec and leave this for UE implementation. 

	Huawei, HiSilicon
	Yes
	When the UE has not started the processing of the dynamic grant, it is feasible for MAC to select one uplink grant between dynamic and configured grant. Otherwise, if the URLLC data arrives after the processing of the dynamic grant, i.e. the MAC PDU intended for the GB has been assembled and delivered to the HARQ process, it means MAC has no choice but to assemble another MAC PDU over configured grant and deliver the MAC PDU to PHY.

	CMCC
	Yes
	Details should be discussed in WI stage. We need to further discuss if there is any RAN1 specification impact or it is only a RAN2 issue.

	Apple
	
	We should first check whether the condition of “UE having sufficient processing time” can be standardized clearly and easily. 

	Lenovo
	No
	UE will only process those UL grants which it is capable of processing. In other words PHY is ignoring UL grants which it cannot process due to processing timing constraints, e.g. time between DCI reception and first symbol of PUSCH is shorter than minimum processing time.  However the detailed UE behavior depends also on whether UE has already started processing an UL allocation/grant, i.e. started generating the corresponding TB, which is (partially) overlapping with a later received resource allocation. 

	SONY
	Yes.
	Agree to discuss during WI phase but in general we think that processing time should be taken into account.


	OPPO
	Yes but
	We agree if there is sufficient time for selection, MAC can make a decision for grant choosing. Otherwise what MAC can do is to assemble another MAC PDU and indicate PHY which one is prioritized.
But, we also doubt whether the processing time can be standardized clearly and easily, and it is in RAN1 scope. Maybe we can follow RAN1 conclusion.

	Xiaomi
	No
	Agree with Ericsson

	LG
	Yes
	For transmission on UL resource 2, the network should ensure TprocMin. Therefore, if the latest UL grant would be for higher priority logical channel data, the UE should transmit a MAC PDU on UL resource 2.
The question here is how the MAC handles a MAC PDU to be transmitted on UL resource 1 if no sufficient time is given to re-generate a MAC PDU to be transmitted on UL resource 1.

	NEC
	No
	MAC should not touch a UE processing time aspect, because capturing an exact timing of UE processing is very difficult. On the other hand, a requirement of the UE processing time can be discussed in RAN1 (maybe RAN4).

	Nokia
	No
	Even if there is insufficient time before the earlier PUSCH begin, the UE can still decide if it should process the later grant instead and hence interrupting the on-going PUSCH transmission relating to the earlier grant. Therefore, defining such UE behavior based on such processing time is not necessary at all.

	CATT
	Up to RAN1
	We agree with Ericsson and Lenovo that UE processing time is well defined in Rel-15 and this should be sufficient to handle this issue. In other words, the same deadline before a PUSCH transmission should apply here after which it cannot be generated/transmitted and the DCI is ignored (hence not even visible to MAC). The same deadline is also expected to be used for deciding whether to skip or not a configured grant.
We also agree with Nokia that the case where the 1st transmission has started and is interrupted by the preempting grant is part of this scenario. We don't see that it is precluded from RAN2 perspective. So It belongs to RAN1 to address/decide on the different possible timing options of this scenario, involving potential new processing latency requirements. But it should not be discussed in RAN2 first.

	ZTE
	No
	Since the MAC processing time would be dependent on UE capability and the size of the processed PDU,  it is hard to define a suitable processing time for each UE or each case, thus considering the complexity, it can be left to UE implementation as it is in Rel-15

	Panasonic
	No
	From MAC point of view, the processing time is transparent to us. PHY should decide whether preemption is possible with the short time. If preemption is not possible then PHY sends indication to MAC. 

	Samsung
	No
	If UE does not have sufficient processing time for a certain configuration, UE does not follow the configuration and it shall be ignored. But generally these are not captured in the current RAN2 specification. Anyway it’s RAN1 scope.

	vivo 
	No 
	There is no minimum processing time definition like the rapporteur ‘description in existing speciation. 

	III
	No
	The case that gNB grant UL resource 2 overlapping with UL resource 1 means UL resource 2 is a chance for transmitting data with high priority. Therefore, a new MAC PDU can be constructed and be delivered to PHY to pre-empt the earlier MAC PDU because there is sufficient time for the new MAC PDU on UL resource 2. 

	Fujitsu
	Yes
	Our understanding of Q8 is that, generally, the processing time can be taken into account when studying the grant selection in MAC. However, this doesn’t mean that processing time needs to be specified in MAC or PHY.

	InterDigital
	Yes
	Specifying a UE behavior for prioritization of different scheduling information only makes sense if it leads to a clear, unambiguous UE implementation. Thus, given that the UE processing time for processing multiple grants and selection of a grant is non-zero, a minimum processing time requirement should be defined.

	ITRI
	Yes but
	Depending on the timing of LCP procedure and URLLC arrives, more details need to be discussed in WI stage. However, we need to ask RAN1’s decisions on the UE processing requirement.

	Sequans
	Yes/No
	There might be dependencies on processing time but this should be first discussed in RAN1. 

	Qualcomm
	No
	Resolution of a conflict involving at least one dynamic grant should be up to PHY. Hence, a MAC processing time requirement is not needed.

	Intel
	Yes/No
	We agree that UE processing time should be considered, but we don’t think new minimum requirement is needed, as in our reply for Q9.


Question 9: Should a minimum UE processing time be specified as a requirement, to ensure predictable UE behavior?
	Company
	Response
	Additional Comments

	Name
	Yes / No
	Comments on reasoning.

	MediaTek
	No
	Nothing beyond a revision of the current minimum processing time needs changing.

	DOCOMO
	Yes 
	It can be expected that there are many factors impacting the value determination of the minimum UE processing time as specified in TS38.214, like SCS, DMRS configuration, transmission length etc. While it is beneficial to define the requirement at least for some typical configurations. 

	Ericsson
	
	See answer above. 

	Huawei, HiSilicon
	Up to RAN1
	Our understanding is that the existing processing time defined in RAN1 includes the time for both decoding the DCI and MAC PDU assembly, and here is to aim at specifying a new timing which does not include the time for DCI decoding. We think it is within RAN1’s knowledge whether this timing can be defined. Actually we are not sure if this timing is useful for not. Different from the PHR timing (to be defined by RAN1) where the prioritization rule (GB always override GF) is deterministic so that NW can predict the PH by taking the deterministic rule, for the case of conflicting, the network may need to be always prepared to decode on uplink resources of both grants. 

	CMCC
	
	Details should be discussed in WI stage. We need to further discuss if there is any RAN1 specification impact or it is only a RAN2 issue.

	Apple
	
	Up to RAN1 discussion.

	Lenovo
	No
	Agree with Mediatek

	SONY
	Yes.
	Agree to discuss during WI phase but in general we think that processing time should be taken into account.

	OPPO
	Up to RAN1 
	Details of processing time should be discussed and decided by RAN1.

	Xiaomi
	No
	See answer above

	LG
	No
	It doesn’t need to be specified.

	NEC
	Up to RAN1
	

	Nokia
	No
	Following the responses to Question 8, the UE can still process the later grant even if the PUSCH relating to the earlier grant is already started. Therefore, we don’t see the need of defining  tProcMin .

	CATT
	Up to RAN1
	See our answer to Q8.

	ZTE
	Up to RAN 1
	

	Panasonic
	Up to RAN1
	

	Samsung
	No
	Agree with MediaTek

	vivo
	No 
	

	III
	No
	

	Fujitsu
	FFS 
	Up to RAN1

	InterDigital
	Yes
	See our previous answer.

	ITRI
	Up to RAN1
	

	Sequans
	Up to RAN1
	

	Qualcomm
	No
	Please see above answer

	Intel
	No
	In RAN1 spec TS 38.214 clause 6.4, UE PUSCH preparation time is defined. We don’t think there is a need to define additional minimum UE processing time.


Conclusion for Questions 8 and 9:
8 companies indicated that MAC should have sufficient processing time to apply the MAC prioritization rule, though it can be up to RAN1 to specify a minimum UE processing time as a requirement: 
Huawei, CMCC, Sony, Oppo, CATT, Fujitsu, InterDigital, ITRI
5 companies think the need for sufficient processing time to apply the prioritization rule needs further study, and whether a requirement is needed can be left to RAN1 to decide:
Apple, NEC, ZTE, Panasonic, Sequans
12 companies indicated that there is no need to specify a requirement for processing time, and whether the UE applies prioritization in MAC is up to UE implementation:
MediaTek, Docomo, Ericsson, Nokia, Lenovo, Xiaomi, LG, Samsung, Vivo, III, Qualcomm, Intel
Proposal 6:	It is up to RAN1 to decide whether a minimum UE processing time should be specified as a requirement for whether the UE can select a grant based on prioritization in MAC.
In R15, MAC generates a MAC PDU for each uplink grant received by dynamic scheduling, unless conditions for uplink skipping are satisfied and skipUplinkTxDynamic is configured.
Should the UE determine a resource conflict after the start of the earliest PUSCH start time, or without sufficient time to process grant selection prior to the start of the earliest PUSCH start time, MAC may consider one of the following options:
· [bookmark: _Hlk534209028]Option 1: PHY layer UL pre-emption (MAC generates a MAC PDU)
In this option, MAC generates a PDU for each grant including when the UE cannot perform grant selection on time for grants that indicates conflicting resource allocation. The PHY layer is then expected to handle the conflicting transmissions e.g., by applying UL preemption (if supported by RAN1), by dropping one transmission or by other means. FFS if further prioritization is required at the PHY layer; the exact details of which would be left to RAN1. 
· Option 2: MAC ignores/discards the conflicting grant (MAC does not generate a MAC PDU)
MAC discards the grant with the later PUSCH start and does not construct a PDU for that grant.
Question 10: When the UE determines a resource conflict with insufficient time to perform grant selection, which of the above options is preferred for the MAC behavior?
	Company
	Preferred Option
	Additional Comments

	Name
	1 / 2 / None
	If “none” of the above, please further explain how the UE should handle cases where grant selection is not possible e.g., left to UE implementation.

	MediaTek
	1
	

	DOCOMO
	
	As replied to Question 8, depending on the definition of the minimum processing time, Option 1 or Option 2 can be adopted. It should be discussed in RAN1. 

	Ericsson
	1
	Maybe on top of 1, we can add the latest PUSCH passed down to PHY should pre-empt the ongoing one or cancel the one that is overlapping. As written above, for dynamic over dynamic, gNB only schedules the second UL PUSCH with the intention of preemption/cancelling. For other cases, MAC may perform the selection and ensures that the MAC PDU passed down to PHY has the intention of preempting/canceling any overlapping one. 

	Huawei, HiSilicon
	1
	Given that there is no sufficient time for MAC to select a grant, it is therefore reasonable to pass the assembled MAC PDU to the PHY and rely on PHY prioritization. But we suggest not using pre-emption here and it should be up to PHY to do pre-emption or prioritization.

	CMCC
	1
	

	Apple
	1
	

	Lenovo
	
	We think that more information is needed in order to decide the UE behavior for such cases. For example it is not clear whether UE is always capable of generating MAC PDUs for the two conflicting grants within the given time limits. Therefore UE might be only capable of finishing the processing of one UL allocation. 

	SONY
	1
	

	OPPO
	1
	

	Xiaomi
	1
	

	LG
	1
	If UL resource2 is for low priority data transmission, the MAC shall ignore the UL resource2 and does not deliver a MAC PDU to PHY.
If UL resource2 is for high priority data transmission, the MAC transmits a MAC PDU to be transmitted on UL resource2, and RAN1 can decide whether to pre-empt or drop the MAC PDU to be transmitted on UL resource 1.

	NEC
	1
	The main reason to prefer the option 1 is MAC would not be able to handle this very dynamic grant selection in time. Only PHY may be possible to achieve this (or something similar).  Anyway RAN1 study is required.

	Nokia
	1/2
	In our opinions, for collision cases involving configured grants, whether to use option 1 or 2 depends on LCH priority that are carried by the earlier/later grants. The UE should compare the LCH priority in the earlier PUSCH and LCH priority to be processed on the later grant, in order to decide whether it should continue with UL pre-emption (Option 1) or simply ignore the later grant (Option 2).
For collision between dynamic grant and dynamic grant, we always prioritize the later grant and use Option 1 to override the on-going PUSCH. 

	CATT
	None
	In our understanding, in Rel-15, such case of not sufficient processing time is addressed in 38.214 Section 6.4 where it is captured: “UE may ignore the scheduling DCI”. In which case PHY does not deliver the DCI to MAC. So the issue of not enough processing time is transparent to MAC. But again, let RAN1 first discuss this issue.

	ZTE
	1
	

	Panasonic
	1
	

	Samsung
	1
	

	vivo
	1
	

	III
	1
	

	Fujitsu
	1/2
	Similar view with Nokia: as questioned in Q4, which option would be taken is depending on at least LCH restriction and priority.

	InterDigital
	1
	

	ITRI
	1
	

	Sequans
	1
	We assume that the question is related to a resource conflict for which MAC has also determined that the latest data has higher priority.

	Qualcomm
	
	As noted in previous answers, conflict resolutions involving a dynamic grant should be left to PHY. This can be addressed by RAN1 if needed.

	Intel
	1
	We think option 2 puts too much constraints on UE implementation as the MAC entity needs to wait for late UL grants to check conflict before processing a UL grant received earlier.

We think one instance of Option 1 is already captured in Rel-15 NR RAN1 specification as in R1-1814219 “Draft CR to 38.214 for clarification of cancellation action time for PUSCH with configured grant”.  The CR is mainly about cancellation of configured grant by dynamic grant, but the principle can be applied for other collision cases due to insufficient processing time.


Conclusion:
A sizable majority of companies agree that when the UE cannot apply prioritization in MAC, MAC generates a MAC PDU for each grant and lets the PHY layer handle the conflicting transmissions. It is up to RAN1 though how to address prioritization between transmissions if needed.
[bookmark: _Hlk276831]Proposal 7:	Working assumption: when the MAC entity does not select a grant out of multiple conflicting grants, MAC generates a PDU for each UL grant. To be confirmed following progress in RAN1.
[bookmark: _Ref524080280]Summary and Proposals
Issues and solutions related to UL Intra-UE prioritization scenarios involving only data were identified and discussed. The rapporteur’s summary and report corresponding to the discussion outcome are in the following proposals and text proposal in the following section. 
Proposal 1:	RAN2 shall study resource conflicts between multiple active configured grants, in addition to Scenarios 2 and 3, part of UL data-data prioritization.
Proposal 2:	MAC specifies the UE selection of a grant when there is at most one dynamic grant in the set of conflicting grants.
Proposal 3:	Working assumption: For resource conflicts between only dynamic grants, MAC generates a PDU for each grant. To be confirmed following progress in RAN1.
Proposal 4:	For cases when MAC selects 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.
Proposal 5:	It is up to RAN1 to decide whether priority level indication per grant can be supported. RAN2 should discuss whether an LS should be sent to RAN1 asking if such indication can be supported.
[bookmark: _GoBack]Proposal 6:	It is up to RAN1 to decide whether a minimum UE processing time should be specified as a requirement for whether the UE can select a grant based on prioritization in MAC.
Proposal 7:	Working assumption: when the MAC entity does not select a grant out of multiple conflicting grants, MAC generates a PDU for each UL grant. To be confirmed following progress in RAN1.
[bookmark: _Ref524080297]Text Proposal to TR 38.825 v 0.0.1
[bookmark: _Toc528239050][bookmark: _Toc528838249]Intra-UE prioritization/multiplexing
/// Unmodified text not included
[bookmark: _Toc528239053][bookmark: _Toc528838252]5.3	Solutions for uplink intra-UE prioritization/multiplexing
Editor’s note: RAN2 is main responsible group, but potential PHY layer impacts and solutions should be analysed by RAN1
/// Start of proposed changes
Data-only intra-UE prioritization is applicable for resource conflicts between configured/configured, configured/dynamic, or dynamic/dynamic grants for a new transmission. 
The MAC entity selects a grant for collision cases when there is at most one dynamic grant in the set of conflicting grants. When the MAC entity selects a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP mapping restrictions and priority configured for each LCH. A per-grant priority level indicated by the gNB (e.g., by RRC for configured grants, or by DCI for dynamic grants, if introduced) may be further considered. 
When the MAC entity does not select a grant out of multiple conflicting grants, MAC generates a PDU for each UL grant. In this case, the physical layer handles prioritization between transmissions. (Editor’s note: this is a working assumption to be confirmed pending progress in RAN1)

/// End of proposed changes
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