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Introduction
This document captures and reports the summary of email discussion on Intra-UE prioritization, which was triggered as an agreement made in RAN2 #103bis:
[bookmark: _Hlk527530046][103bis#41][NR/IIoT] Intra-UE prioritization (Nokia)
      Intended outcome: Email discussion report
      Discuss the scenarios and division of work between RAN1 and RAN2. Views from companies to be presented in email discussion.
      Deadline:  Thursday 2018-11-02  
Discussion
In RAN2#103bis, an e-mail discussion to clarify the scenarios and division of work between RAN1 and RAN2 for intra-UE prioritization objective of NR IIoT SI [1] has been agreed. It is generally agreeable that RAN1 should be involved in the study of this topic. The scenarios that should be studied in this SI are, however, still not clear enough for RAN2 to formulate a LS to RAN1. Thus, this email discussion aims to collect the views of the companies in order to reach a consensus on the targeted scenarios as well as on how the work should be split between RAN1 and RAN2 subsequently. The following sections summarize the company views on the scenarios to be studied, as well as the foreseeable RAN1 impacts in the considered scenarios. 

Scenario 1: Intra-UE DL Prioritization
In Rel-15, DL-pre-emption was specified for NR allowing gNB to puncture an ongoing PDSCH transmission belonging to one UE with another PDSCH transmission belonging to another UE by scheduling the latter in the same resources where the first PDSCH transmission was ongoing. Should similar approach be studied for intra-UE case? If so, what are the aspects to be studied by RAN2 and what are the aspects to be studied by RAN1?
	Company
	Yes/No?
	General Comments
	Comments on RAN1/RAN2 work split

	Qualcomm
	Yes
	For a UE that supports both eMBB and URLLC, in the absence of PHY layer traffic type differentiation, relying on DLPI to indicate DL preemption is not always possible. This is because the DLPI is sent in one of the subsequent slots after the intended PDSCH; if the eMBB and URLLC resources are overlapping, the UE does not know which one should be processed. Waiting for the DLPI is also not an option given the short processing time of URLLC. We therefore think some mechanisms for differentiation is needed in Rel-16, and this differentiation is best implemented in PHY layer (e.g. within scheduling DCI). 
	For the reasons explained, we think this topic should be studied by RAN1.

	OPPO
	Yes
	There are two possible cases here, one is the overlapping between two dynamic assignments and another is the one between a dynamic assignment and a configured assignment. Since downlink scheduling is based on the network intention and the network can know the DL traffic characteristic better, similar indication as R15 DL-pre-emption from the network is an easier way forward. 
	Downlink assignment prioritization is done by RAN1 for this topic.


	Sony
	yes
	If at the beginning of the DL scheduling decision, data from multiple services are available, then logical channel prioritisation (LCP) should be able to handle the multiplexing of different services at MAC Layer. If scheduling decision is in the middle while another TB is already ongoing for transmission, then intra-UE pre-emption rules should be applied in principle (i.e. the later TB should pre-empt the first one).
	RAN2 should study new rules of logical channel prioritisation (LCP). RAN2 should also consider whether L1 should be aware of this prioritisation.

RAN1 should study the pre-emption details and HARQ procedures.

	III
	yes
	We agree with Qualcomm’s view in that R15 DL pre-emption indication is used for indicating to eMBB UEs after the PDSCH transmission period and may be not suitable for URLLC UEs. In order to resolve the scheduling overlapping, we should study mechanisms for indicating DL pre-emption as early as possible. 
	DL pre-emption for the scheduling overlapping should be studied in RAN1. 

	ZTE
	Yes
	we share the same view with OPPO, two different collision cases should be taken into account.
To our understanding, the pre-emption can be performed in either explicit (e.g. the similar way as Rel-15, the pre-emption is indicated explicitly in DCI) way or implicit way (e.g. the UE always process the pre-emption in case the collision is detected) for the collision between the dynamic assignments. 

	Since the DL pre-emption is some kind RAN1 procedure,Pre-emption operation should be handled by RAN1. The MAC layer should be kept isolated to the pre-emption, and MAC entity should treat the two DL assignments as independent assignments. 


	Apple
	Yes
	In case of eMBB and URLLC transmission resources overlapped for one UE, reusing the explicit DL preemption indication may be not feasible for UE to operate timely. 
	 DL pre-emption should be studied in RAN1. 

	Ericsson
	Yes
	A general comment on all scenarios: Since RAN1 solutions could have impact in MAC and/or RLC, RAN1 should not agree on solution(s) without RAN2’s feedback on the feasibility and impacts from RAN2 p.o.v.

All downlink scheduling is under gNB control, with knowledge of UE’s DL critical and non-critical traffic. Prioritization rule should be straightforward, such as, UE cancels an earlier received downlink assignment if it is overlapping/interrupted with a later received downlink assignment.
	RAN1 work on the details of two overlapping PDSCH transmissions.

	NOKIA
	Yes
	The principal of pre-emption in Rel-15 can be re-used, where the UE can autonomously stop receiving the on-going PDSCH relating to eMBB and then process PDCCH or PDSCH relating to URLLC in the overlapping resources.
	· RAN2/RAN1 should define a rule such that the latest downlink assignment should always override the previous one, as in principal the gNB should never release a DL assignment that overrides the previous one if the new DL traffic has lower priority. When puncturing occurs, the MAC can send an indication to PHY.
· RAN1 should discuss the UE behaviour based on such assumption – For example, should the UE resume reception of the PDSCH relating to the earlier DL assignment when the PDSCH relating to the later DL assignment is finished.

	Intel
	Yes
	In our view, the scenario has less to do with inter-UE pre-emption mechanisms (DL PI) that primarily involves handling of corrupted soft bits and proper retransmission combining, but rather about handling of possibly overlapping PDSCH assignments to the same UE. Thus, the case should be described somewhat similar to Scenario 3 instead of linking with DL PI. While solutions can be discussed further as part of the studies, we do not agree that service-type identification/differentiation is necessary to facilitate over-riding of a PDSCH with lower priority by another. Specifically, prioritization of a later received DL assignment based on dynamic and/or semi-static rules and UE capability could be a simple approach that can address across different service priority classes.
	The work can be mainly done by RAN1, except possibly handling of overlapping PDSCH assignments between DL SPS and dynamically scheduled PDSCH that could be studied in RAN2.

	LG
	Yes
	There would be minimal impact in RAN2. The only thing to do in MAC may be to monitor a new indication and instruct the PHY to decode the PDSCH.
	DL pre-emption should be studied in RAN1.

	Vivo
	This question not valid as intra-UE DL prioritization is clearly included in the SID (RP-182090) thus shall be studied.
	Rel-15 DL preemption is for inter-UE puncturing but intra-UE prioritization in DL is not supported. 
The scenarios for intra-UE DL prioritization is that: a URLLC DL traffic comes during the gNB eMBB DL transmission (PDCCH/PDSCH) to the same UE, gNB may have to prioritize the later URLLC DL traffic due to the tight latency and reliability requirement. To support such operation, we observed some missing parts in Rel-15, which are not limited to the following 
· Out-of-order DL HARQ. Rel-15 does not allow the HARQ-ACK feedback for a later URLLC PDSCH to be transmitted earlier than the HARQ-ACK for an earlier eMBB PDSCH. Which means the above mentioned use case cannot be supported for UE. 
· Overlapping PDSCH transmissions for a UE. In case a later scheduled URLLC PDSCH to be overlapping in time with an earlier scheduled eMBB PDSCH, how the UE could handle the two PDSCHs should be discussed. Here, the “overlapping in time” may include two cases: case 1) the two PDSCH overlaps in both time and frequency, which means the later PDSCH preempts the earlier PDSCH. Case 2) the two PDSCH overlaps only in time but not in frequency, which means the later PDSCH does not preempt the earlier PDSCH. In both cases, we should discuss whether the UE can decode both PDSCHs, or decode the later PDSCH and drop the earlier one. 
· Prioritize URLLC related HARQ-ACK over eMBB related UCI. To prioritize the URLLC DL transmissions, the related HARQ-ACK transmission should also be prioritized over other eMBB related UCIs. Which means a later URLLC HARQ-ACK transmission may have to puncture an ongoing eMBB HARQ-ACK, as it may be too late to multiplex them. (but this may be considered in scenario 3 in this document below as well)
eMBB/URLLC differentiation. Rel-15 specification does not provide the scheme to differentiate eMBB and URLLC DL transmissions, therefore the UE is not able to know which DL traffic is to be prioritized thus cannot behave properly. 
	RAN1 to work on the following
1) Out-of-order DL HARQ.
2) Handling of more than one PDSCH overlapping in time
3) How to differentiate eMBB/URLLC in L1


	Huawei
	Yes
	Note that DL pre-emption for inter-UE was already introduced in R15 without RAN2 impact (except for RRC configurations). Generally, DL scheduling is up to NW implementation and concurrent reception of PDSCHs also have some impact on UE processing. For instance, if two PDSCHs carrying the same traffic type are waiting for scheduling, gNB should avoid the processing conflict by proper scheduling, or it can be up to UE implementation by dropping either one or follows the instruction from gNB, e.g. dropping the eMBB grant and corresponding transmission and corresponding HARQ-ACK. We don't see any immediate impact to RAN2 for the time being. So this scenario should be handled by RAN1 first, and RAN2 doesn't need to assume any potential approach which should be studied and identified by RAN1. 
	This scenario should be handled by RAN1. Note that “Pre-emption” is already used in DL PI in Rel-15, from RAN2 point, we don't need to mention it for clarification of this scenario to avoid ambiguity in RAN1. It is RAN1’s task to study the approach for this scenario.

	InterDigital
	Yes
	The principle that the latest received DL assignment is prioritized may be sufficient to ensure proper prioritization of PDSCH. 
	Details should be studied by RAN1.

	NTT DOCOMO
	Yes
	Share views with Intel, and the scope could be (1) dynamic PDSCH + dynamic PDSCH and/or (2) dynamic PDSCH + configured PDSCH. 
	RAN1 should first discuss the possible enhancement. This is because the prioritization of the data can be visible in MAC only after the TB is decoded and thus physical layer should consider first the prioritization between DL data. If RAN1 foresee something necessary in RAN2 spec, RAN2 could work. 


	Samsung
	Yes
	When gNB operates with different HARQ RTT and traffic load is high, it is a possible scenario. We can study not to degrade URLLC performance. How to support out-of-order PDSCH scheduling and out-of-order DL HARQ feedback can be studied without URLLC and eMBB traffic differentiation..
	For downlink case, once DL resources are received by UE, what happened in PHY is transparent to L2. All Detail can be studied by RAN1.

	CATT
	Yes
	It is a simplified version of the rel-15 inter-UE case since it reduces to allowing a dynamic DL assignment to override a previous dynamic DL assignment on overlapping resources.
	At least HARQ entity and DRX will be impacted in RAN2. As DL pre-emption is already supported in RAN1 amongst different UEs, it is expected that the existing pre-emption procedure can be re-used in L1, and even simplified since no INT-RNTI is needed for the same UE as the overriding PDCCH plays the same role. So we see minimal impact on RAN1.

	ASUSTeK
	Yes
	For inter-UE DL pre-emption, the UE should further monitor a pre-emption indication to know whether the previous slot of PDSCH transmission is punctured. The scenario of intra-UE DL pre-emption is that the NW could schedule DL URLLC transmission to the UE to override the previous scheduled PDSCH transmission. Thus, whether the pre-emption "indication" is indicated by explicit way as inter-UE PI or by implicitly way for intra-UE case could be discussed. 
	RAN2 should study the potential impact for the current DL pre-emption design, e.g. the UE may not receive the possible DL pre-emption indication due to DRX.
In addition, for intra-UE case, since DL pre-emption may impact the decoding performance and the pre-emption indication design is related to DCI format, RAN1 is needed to study these impacts.



	MediaTek
	Yes
	Pre-emption of an ongoing DL assignment by a higher priority DL assignment will help ensure that the latency requirements of low latency data flows are always met.
	It should be left to RAN1 to decide whether this topic needs to be addressed, and on potential solutions.

	AT&T
	Yes
	We agree with comments from several companies that existing DLPI mechanism is not suitable for this case since the indication is provided in a later time slot. An additional mechanism to allow the UE to differentiate the higher priority transmission at the PHY needs to be developed.  
	RAN1 should lead this effort while keeping RAN2 informed of proposed solutions.



Observations: 
· ALL (19) companies agree that Scenario 1 should be studied. 
· Most companies think this topic should be mainly handled by RAN1. 
· Many companies point out this issue could be resolved by pre-empting the on-going assignment by the latest assignment. 
Proposal 1:
· Scenario 1 should be included in the study
· Send a LS to RAN1 to study DL intra-UE prioritization, by considering feasibility of pre-empting an on-going assignment by a later assignment as a way to differentiate traffic types.

Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grants
For uplink, a UE may transmit traffic with higher priority level (e.g. URLLC) with configured grant, which leads to resource conflict with PUSCH relating to a dynamic grant. Based on the current specifications, the configured grants will always be overridden by a dynamic grant and hence higher priority traffic could be interrupted. Do companies agree enhancements for this case should be studied in this SI? If so, what are the aspects to be studied by RAN2 and what are the aspects to be studied by RAN1?
	Company
	Yes/No?
	General Comments
	Comments on RAN1/RAN2 work split

	Qualcomm
	Yes
	We think configured grant is a useful feature for supporting URLLC. But without a proper service differentiation, it is not always possible to protect URLLC transmissions when they collide with eMBB traffic. For example, if UE follows the Rel. 15 behavior, it is possible that a dynamic grant which is intended for eMBB can override URLLC transmission over configured grants. One can’t rely on network scheduling to avoid that (i.e. always schedule dynamic grant for eMBB around configured grant for URLLC), because configured grants for URLLC typically have very short periodicity due to URLLC’s low latency requirement. That would lead to lost in system capacity for eMBB. 

We therefore think it is necessary to study methods to differentiate between URLLC and eMBB even when they are sent over configured grants. These methods should help ensure that a grant of any type for URLLC always overrides dynamic grant for eMBB in case there is collision between them.
	Since transmission parameters of configured grants are RRC configured instead of being signaled via DCI, differentiation between URLLC and eMBB most likely will depend on some transmission parameter(s) configured for a configured grant. For example, URLLC could be differentiated from eMBB based on MCS table or TBS of the configuration or based on LCP restriction policies. We therefore think this topic should be jointly studied by RAN1 and RAN2. 

	OPPO
	Yes
	In current specification, the prioritization of dynamic grant is higher than configured grant. If a UE with URLLC traffic with configured grant follows this regular, the required latency may not be satisfied. 
	If RAN2 is chosen for grant prioritization, then the following condition should be satisfied firstly:   
· Logical channel characteristic should be judged by MAC before choosing the grant. If UE does not know whether there is URLLC data available, MAC does not know how to prioritize grant.


	Sony
	yes
	Generally there are at least three different cases when there is a resource conflict between configured and dynamic grants:
CASE 1: If data from different services is known to be available before preparing MAC TB, we should always use the dynamic grant coupled with a new rules of logical channel prioritisation where for example uRLLC service is always ensured to be transmitted first. To ensure the reliability, this may mean that MCS table to be changed while still using time-frequency resources carried by the dynamic grant.
CASE 2: If before preparing MAC TB, only data for dynamic grant is available then TB with dynamic grant should be allowed to be transmitted (i.e. no data to be transmitted based on configured grant)
CASE 3: If there is already ongoing TB and suddenly a data belonging to uRLLC based on configured grant turns up in the middle, then intra-UE pre-emption rules should be applied in principle.
	RAN2 should study new rules of logical channel prioritisation (LCP) for CASE 1 and what pre-emption details to be passed to L1 in case of CASE 3, and decide whether L1 should be aware of such prioritisation. In addition, RAN2 should study whether configured grant is prioritised over dynamic grant or vice versa.
RAN1 should study the pre-emption details and HARQ procedures.

	III
	yes
	We agree prioritization between eMBB and URLLC should be studied in R16. Additionally, in case gNB cannot distinguish which logical channel sending the scheduling request (SR) and we should study how to schedule the UL grant without priority including:
1. Whether gNB can avoid scheduling overlapped UL grant for eMBB and URLLC. 
2. If overlapped UL grant cannot be avoided, what’s the UE behavior after receiving configured grant and dynamic grant?
	

	ZTE
	Yes
	For configured grant type 1 transmission , we share the same view with majority companies that it is not reasonable to prioritize the dynamic grant in all cases.
For configured grant type 2 transmission, according to TS 22.804, the URLLC services can be periodic deterministic transmission, for which the type 2 transmission can be used. Thus the configured grant type 2 should be taken into account as well. 

	Similar as DL transmission, the pre-emption operation itself should be discussed in RAN1. 
For RAN2, we share the view that some enhancements should be considered to ensure the URLLC related MAC PDU can be generated correctly via LCP procedure. In addition, besides the collision in radio resource, the collision in HARQ process should also be taken into account, for which the MAC PDU with lower priority will be discarded and can not be recovered through HARQ operation.

	Apple
	Yes
	Currently dynamic grant always has higher priority than configured grant if collided. 
If it is possible for NW to schedule eMBB via dynamic grant and configured grant for URLLC, the configured grant for URLLC transmission should be prioritized  
	RAN2 should study the configured grant (i.e. CS) overriding dynamic grant (i.e. DS) case, and the linkage between DS/CS and the transmission priority of the corresponding services. 

	Ericsson
	Yes
	A general comment on all scenarios: Since RAN1 solutions could have impact in MAC and/or RLC, RAN1 should not agree on solution(s) without RAN2’s feedback on the feasibility and impacts from RAN2 p.o.v.


	 Since the handling of a configured grant is at the MAC spec, we think this scenario should be studied mainly in RAN2.
RAN1 can work on details of two overlapping PUSCH transmissions together with scenario 3 below, after the prioritization rule is clear. In addition to rules discussed and agreed in RAN2, PHY layer indication (will also be studied in scenario 3) such as whether the grant is high-priority or low-priority can be used here. The feasibility of the prioritization rule such as PHY layer indication should be discussed in RAN1. 
In conclusion, this scenario should be handled by both groups.

	NOKIA
	Yes
	We think this scenario can be further divided into two cases:
· Case 1: Higher priority data, which could be mapped to configured grant arrives in the UE before dynamic grant has been provided to the HARQ entity
· Case 2: Higher priority data, which could be mapped to configured grant arrives in the UE after dynamic grant was provided to the HARQ entity already (and thus the related PUSCH transmission has already started)
In both cases, configured grant will be overridden by the dynamic grant according to the current specifications. This is undesirable for situations where URLLC are allocated to resources associating to configured grant. So it should be studied in this SI for Rel-16 enhancement.
	· RAN2 should define logical channel prioritization mechanisms that prevent puncturing of URLLC (e.g. new mechanisms that allow configured grant to be not always overridden by a dynamic grant). MAC should send an Indication to PHY to carry out puncturing.
· RAN1 should, based on the conclusions of RAN2, further study UE behaviour when receiving puncturing indication from MAC. For example, should the UE resume transmission of PUSCH relating to the overridden grant when the PUSCH relating to the prioritized grant has finished.

	Intel
	Yes
	It is useful to allow configured grant not overridden by a dynamic grant.
	The work should be mainly done by RAN2.

	LG
	No
	There are other means to avoid overlapping between eMBB and URLLC. Given that there could be multiple cells configured, eMBB and URLLC could be mapped to different cells by using allowedServingCells.
Removing the restriction “the configured grants will always be overridden by a dynamic grant” is one specific solution for avoiding the problem, and RAN2 should not study only the specific solution.
	Depending on the solution

	Vivo
	Yes
	gNB may schedule a UE PUSCH transmission overlapping with a pre-configured grant-free PUSCH transmission occasions, in this case Rel-15 decides that UE follow the UL grant for PUSCH transmission and drop the grant-free PUSCH transmission opportunity. 
However, if the grant-free PUSCH transmission is configured for URLLC purpose, i.e. with symbol level periodicity and proper MCS/TBS for URLLC, but the grant-based PUSCH is not intended for URLLC, e.g. with higher MCS/TBS, UE having URLLC UL traffic could either use the grant-based PUSCH resource for URLLC transmission (meaning non-guaranteed reliability) or postpones the URLLC transmission to a later grant-free occasion (meaning non-guaranteed latency). Alternatively, gNB may avoid scheduling a grant-based PUSCH to be overlapping with the grant-free PUSCH transmission occasion, but this would be impossible if the grant-free PUSCH periodicity is symbol level. Therefore, it should be studied how to prioritize URLLC on grant-free PUSCH resource in colliding with a grant-based eMBB PUSCH transmission. By doing this, a scheme to differentiate eMBB and URLLC UL grant should be available.
	RAN2 to work on the methods to prioritize grant-free resource for URLLC transmission when colliding with grant-based transmission. 
RAN1 to work on how to differentiate eMBB/URLLC in L1. 


	Huawei
	Yes
	In Rel-15, this scenario was discussed in RAN2 and GB PUSCH is always prioritized over GF PUSCH in case of overlapped PUSCH durations. RAN2 understanding is it is up to NW implementation. A smart gNB may schedule a conservative GB PUSCH which can be used to carry URLLC data to make sure the requirement of “potential” URLLC traffic. However, it unavoidably results in inefficient resource utilization for eMBB transmission. Therefore we think it is worthy for re-discussions in Rel-16 to devise a more flexible solution in the UE to enhance the system performance while meeting URLLC requirements. 
	Given that configured grant timing and processing is responsibility of the MAC layer, it is reasonable for RAN2 to work with RAN1 on this scenario.
For the UL transmission, the MAC entity should first process the uplink grant, construct the MAC PDU and then instruct the physical layer to transmit. Therefore, it is straghtforward to split the work between RAN1 and RAN2 according to the different procedure: 
· RAN2 work on how to process the concurrent uplink grants and discuss in which cases a prioritization rule should be defined, i.e. MAC layer selects only one grant to process as a result of prioritization rule;
· For cases where prioritization rules cannot apply, e.g., two MAC PDUs have already been delivered to PHY, it is up to PHY to discuss how to process the TBs. RAN1 should work on the feasibility of L1 procedures to deal with the TB(s) in this scenario, e.g. drop whole eMBB PUSCH not the overlapped part.

	InterDigital
	Yes
	It may be simpler to have common approach with scenario 3.

The UE should select the grant that corresponds to a transmission of data of the highest priority that is available for transmission in the UE’s buffers when two grants (regardless of type) are available for a transmission and overlap in time.
	It should be possible to associate a reliability (or priority) level to a grant. In case of a dynamic grant, RAN1 should decide the solution to achieve this.
RAN2 should define the handling in case of overlap between two grants.

Same approach applies to scenario 3.


	NTT DOCOMO
	Yes
	We could study the scenario where configured grant overrides dynamic grant. 
	RAN2 can work first the scenario and possible enhancement. 
If there could be an impact on RAN1, RAN1 can work. 

	Samsung
	No
	Allocation of dynamic grant is up to gNB. Thus, gNB can avoid the conflict. If configured grant is really important, gNB will not allocate dynamic grant to the same resource. It has gNB RX complexity to detect which grant is used for the transmission.
	If it is supported, relative description should be specified in MAC specification. So, it should be done by RAN2.

	CATT
	Yes
	The “always overriding” rule can be replaced with something more flexible/configurable.
	Simple solutions should be studied in RAN2 with minimal or no impact on RAN1 should be prioritized.

	ASUSTeK
	Yes
	Since dynamic scheduling may have possible delay, it is very likely to use configured grant for URLLC UL data transmission. If following the principle of Rel-15, configured grant data could not be transmitted if there is an ongoing UL transmission. However, the ongoing UL transmission may be scheduled for a long period to serve eMBB transmission. So, if there is an URLLC data coming during this period, the URLLC data would suffer from delay.  
	How to handle the prioritization between dynamic grant and configured grant should be discussed in RAN2.

	MediaTek
	Yes
	As indicated by Qualcomm above, it is likely that configured grants are provided for URLLC services. The current rule that prioritises dynamic grants over configured grants is not the best solution to meet the latency criterion of URLLC services.
	RAN2 should study the rules that determine whether an UL transmission can pre-empt another UL transmission.

RAN1 to study if and how UL pre-emption can be done.

	AT&T
	Yes
	It is true that under Release 15 specifications, it is possible that a dynamic grant intended for eMBB transmission can override a URLLC transmission that was supposed to use a configured grant. Scheduling dynamic grants to avoid configured grant locations may not be efficient. Hence, there is a need to study solutions to differentiate URLLC from eMBB to allow the grant corresponding to the higher priority service to take precedence over lower priority service.
	The solution may span both RAN1 and RAN2 so both WGs may need to work on this.



Observations: 
· 17 Companies agree this scenario should be studied, 2 companies (LG, Samsung) disagree.
· Most companies think both RAN2 and RAN1 should be involved in this study. In particular, RAN2 should look at MAC procedures such as grant handling and LCP prioritization, while RAN1 should study the mechanisms for pre-emption (if needed)
· Many companies pointed out that we should remove the restriction where a dynamic grant always overrides a configured grant.
Proposal 2:
· Scenario 2 should be included in the study
· Send a LS to RAN1 to trigger a RAN2/RAN1 joint study on this scenario (in particular, RAN2 should look at MAC procedures such as grant handling and LCP prioritization, while RAN1 should study the mechanisms for pre-emption, if needed).

Scenario 3: Intra-UE UL Prioritization - Resource Conflict between Dynamic Grants
For uplink, a UE could be scheduled with two dynamic grants associating to overlapping PUSCH resources, for traffic with different priority levels. For example, when network schedules a URLLC PUSCH transmission to pre-empt a previously scheduled PUSCH transmission for eMBB. Do companies agree this case should be studied in this SI? If so, what are the aspects to be studied by RAN2 and what are the aspects to be studied by RAN1?
	Company
	Yes/No?
	General Comments
	Comments on RAN1/RAN2 work split

	Qualcomm
	Yes
	This case is similar to DL intra-UE multiplexing, in that two dynamic grants may overlap due to out-of-order scheduling. When it happens, UE needs to know whether the latter scheduled PUSCH transmission is of higher priority, because it would be an error case if both PUSCH transmissions are for eMBB. 

In the current Rel-15 framework, when UE receives a UL grant, MAC decides whether the grant is suitable for URLLC based on LCP restriction. One thus may argue that MAC can provide PHY with the outcome of LCP restriction, and PHY then uses this information to prioritize between the two transmissions. However, on the network side, since gNB does not have accurate information about UE’s buffer status, network and UE may become out of sync as to which UL grant to prioritize (e.g. when UE skips URLLC transmission). We therefore think it is still necessary to have some type of L1 signalling which clearly tells UE whether a UL grant is intended for URLLC or eMBB.
	For the reasons explained, we think this topic should be handled by RAN1.

	OPPO
	Yes
	Similar consideration as Scenario 1. This conflict is caused by two dynamic grants, and both are is scheduled based on network intention. So it is better for the UE to follow the network decision, and the later one is with higher prioritization.
	Uplink grant prioritization is done by RAN1 for this topic.


	Sony
	yes
	Study is fine.
	In general, URLLC traffic type could be both periodic and non-periodic. So RAN2 should study such use case and interaction between L2 and L1, for example what pre-emption details to be passed to L1.
RAN1 should study the pre-emption details and HARQ procedures.

	III
	yes
	This case happens when URLLC scheduling with short PUSCH period pre-empts eMBB scheduling with long PUSCH period. We think that later scheduling overriding previous scheduling is a simple solution. On the aspect of L1 signalling for providing scheduling priority to L1, it may need further study. No matter which one needs to be discussed in RAN1 in R16. 
	Pre-emption indication for the PUSCH scheduling should be studied in RAN1.

	ZTE
	Yes
	The collision between two dynamic grant should also be taken into account in the study.
	The pre-emption operation itself should be left to RAN1.
Similar as the answer to question 2.2 that RAN2 can mainly focus on the impact on LCP and HARQ process collision.

	Apple
	Yes
	Similar as scenario 1. But for UL, the pre-emption mechanism is a little complex compared to DL since the UL pre-emption could happen in following three cases:
· UE receiving the UL grant
· UE assembling the MAC PDU according to the first grant;
· UE transmitting the MAC PDU in UU interface.
 
	 L1 signaling should be studied in RAN1. Some interaction between RAN1 and RAN2 may be needed. 

	Ericsson
	Yes
	A general comment on all scenarios: Since RAN1 solutions could have impact in MAC and/or RLC, RAN1 should not agree on solution(s) without RAN2’s feedback on the feasibility and impacts from RAN2 p.o.v.

Like the reasoning for DL intra-preemption, we can have a straightforward rule that a later received dynamic UL grant should override a previous dynamic UL grant or we can use the PHY layer indication of the priority of the grants.

	 
RAN1 work on the details of two overlapping PUSCH transmissions.


	NOKIA
	Yes
	It is likely that traffics with different priority levels are both allocated to PUSCH based on dynamic grants. The associated radio resource allocation of each grant could be overlapped. 
	· RAN2/RAN1 should define a rule such that the latest dynamic grant should always override the previous one, as the gNB will never release a dynamic grant that overrides the previous one if the new UL traffic has lower priority. MAC should send an indication to PHY to carry out puncturing.
· RAN1 should discuss the UE behaviour based on such assumption – For example, should the UE resume transmission of the PUSCH relating to the earlier UL grant when the PUSCH relating to the later UL grant is finished.

	Intel
	Yes
	The reason for gNB to schedule another dynamic grant to override an ongoing PUSCH is that gNB get additional information (e.g. SR, BSR) and then gNB scheduler makes a decision for the scheduling. The scenario should be clearly studied (e.g. regarding timeline and UE processing time), however, similar to Scenario 1, we do not agree that it is necessary to have some indication of service type at PHY to realize such over-riding behavior.
	If this scenario is to be addressed, the main work should be done in RAN1 (the existing model in RAN2 would be fine, similar to DL).

	LG
	Yes
	This can be discussed in scope of UL pre-emption, which is to be discussed in RAN1.
In our understanding, in LTE sTTI WI, UL pre-emption for overlapping dynamic UL resources are already supported, which was only specified in RAN1 without RAN2.

	We don’t see any big impact or need for study in RAN2. 

	Vivo
	Yes
	Similar as DL, UE may be scheduled with a grant-based PUSCH for URLLC which collides in time with an on-going grant-based PUSCH for eMBB. This is a kind of “out-of-order” scheduling in UL which is not supported in Rel-15. Furthermore, how the UE could handle such colliding scheduling should be studied, for example UE drops the eMBB transmission but transmit the URLLC transmission. To support such operation, UE should be informed about the which PUSCH is for eMBB or URLLC. 

	RAN1 to work on following aspects
1) Out-of-order UL scheduling
2) Handling of more than one PUSCHs which are scheduled to be overlap in time
3) How to differentiate eMBB/URLLC in L1
RAN2 to discuss whether the URLLC/latest UL grant is prioritized.

	Huawei
	Yes
	Similar as DL intra-UE prioritization, it is intended to address the case when the UE has on-going eMBB UL transmission when URLLC data is available for UL transmission. For instance, for GB URLLC, normally the UE would send a scheduling request for the URLLC transmission to the gNB, while the eMBB data is transmitted. If gNB assumes that the URLLC data can be transmitted on the on-going eMBB PUSCH, the gNB would not send a new grant to the UE. Otherwise, the gNB would send an UL grant for the URLLC transmission and the UE should follow the latter grant, with the URLLC data transmitted on its own resources and the eMBB grant or eMBB transmission being dropped.
	According to the MAC procedure, MAC entity would process the uplink grant if it is available to the MAC layer, i.e. unlike configured grant, it is not the responsibility of MAC layer for prioritize two concurrent dynamic grant, which just follows the indication from the PHY layer. We think that this principle can be reused in Rel-16 and therefore this scenario should be handled by RAN1, e.g. drop the whole eMBB PDSCH or other approach. Note that “Pre-empt” is already used in DL PI in Rel-15, it should not be used for clarification of this scenario to avoid ambiguity in RAN1 and the solution should be studied in RAN1.

	InterDigital
	Yes
	As already mentioned, it may be simpler to have common approach for both scenario 2 and scenario 3.
 
Agree with Qualcomm that each grant should be clearly identified with a reliability level (suitability for URLLC or eMBB) given the uncertainty on the UE buffer status at the network side.
	Same as in scenario 2:
It should be possible to associate a reliability (or priority) level to a grant. In case of a dynamic grant, RAN1 should decide the solution to achieve this.
RAN2 should define the handling in case of overlap between two grants.


	NTT DOCOMO
	Yes
	We could study in which scenario what prioritization rulesare needed.
	Same comment as for scenario2.

	Samsung
	Yes
	When gNB operates with different HARQ RTT and traffic load is high, it is a possible scenario. We can study not to degrade URLLC performance. It should be studied without considering traffic differentiation between URLLC and eMBB because it is evident that later grant is implicitly for URLLC and first grant is implicitly for eMBB when conflict happens.
	All Detail can be studied by RAN1. But depending on differentiation rule between EMBB and URLLC, LCP rule may have some impact. 

	CATT
	Yes
	Similar to the DL case, this reduces to allowing a dynamic UL grant to override a previous dynamic UL grant on overlapping resources. This case is also simpler than the inter-UE case (studied in RAN1) since it is the same UE hence there are no issues related to potential different processing capabilities (for processing the interruption) of different UEs.
	In RAN2, at least HARQ entity and DRX will be impacted. But RAN2 should favor solutions with minimal impact on RAN1 e.g. re-using as much of the procedure currently studied for inter-UE pre-emption.

	ASUSTeK
	Yes
	RAN2 cares about the prioritization of two dynamic grants if the indicated PUSCH resources are overlapped. Since dynamic grants are scheduled by NW, it is reasonable to follow the NW indication, i.e. the latter one should be prioritized over the previous one. 
Then for the details, RAN1/RAN2 should study how to handle the overriding transmission. For example, the UE may need to drop or suspend the previous data transmission.  
	RAN1 could study how to drop or suspend the ongoing UL transmission. 
RAN2 could study whether there is any impact on MAC, e.g. HARQ operation.

	MediaTek
	Yes
	This is similar to the Scenario 1, and would help meet the latency criterion of high priority data flows
	Similar to Scenario 2, RAN1 to look if and how UL pre-emption can be performed.

RAN2 to discuss whether the rules governing pre-emption of an UL transmission by another UL transmission discussed for configured grants should be extended to dynamic grants.

	AT&T
	Yes
	We agree with comments from Qualcomm and some other companies that for this case a solution needs to be studied to indicate to the UE whether a grant is intended for URLLC or eMBB
	Mainly RAN1. RAN2 can evaluate if there are any impacts to MAC specifications.



Observations: 
· ALL (19) companies agree this scenario should be studied.
· The views on solutions of traffic differentiation can be divided into two approaches:
· Explicit signalling on priority level of each grant (Qualcomm, Vivo, InterDigital, AT&T)
· Implication by allowing the later grant to override the previous grant (OPPO, III, Ericsson, Nokia, Samsung, CATT, ASUSTek, MTK(?))
· RAN1 is involved in either approach, with different aspects.
Proposal 3:
· Scenario 3 should be included in the study
· [bookmark: _GoBack]RAN1 should be responsible for studying this scenario.

Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
In cases wherein both eMBB and URLLC data are exchanged between the UE and gNB, certain types of uplink control transmission (e.g. HARQ-ACK, SR, BSR, CSI) may overlap in time with uplink control transmission related to traffic with the same or higher/lower priority. Do companies agree this case should be studied in this SI? If so, what are the aspects to be studied by RAN2 and what are the aspects to be studied by RAN1?

	Company
	Yes/No?
	General Comments
	Comments on RAN1/RAN2 work split

	Qualcomm
	Yes
	When SR, HARQ feedback or CSI collide (either between the same type, or between two different types of PUCCH signal), in some cases it is not desirable to multiplex them into a single transmission. For example, 
· HARQ feedback for URLLC collide with eMBB CSI or SR triggered by eMBB, because the former may have different reliability requirement; 
· Transmissions of two SRs overlap (e.g. one on-going SR is triggered by eMBB and uses long format, while the other is triggered by URLLC and uses short format).
In those cases, we think prioritization is needed.
	For collisions involving HARQ feedback or CSI, since the transmissions are not visible to upper layers, their collisions should be resolved by PHY. Hence this topic should be studied by RAN1.

For collisions involving two SRs, since upper layers do not have visibility to SR transmission but PHY does not have knowledge of the priority of logical channels that triggered the SR, we think it is best studied jointly by RAN1 and RAN2.

	Sony
	yes
	
	Only RAN1 should study.

	III
	yes
	We agree with Qualcomm that HARQ feedback or SR for URRLC should be prioritized. 
	Uplink control transmission should be studied in RAN1. 

	ZTE
	yes
	We think the collision between control channels can be considered as part of intra-UE UL prioritization and should be taken into account in the SI as well
	The detail handling of control channel collision can be left to RAN1. However, a joint discussion between RAN1 and RAN2 may be beneficial to understand the priority of control channel.
From RAN2 aspect, we see some impact on SR related timer/counter maintainence if the SR transmission can be canceled due to the collision.

	Apple
	Yes
	Agree with Qualcomm that HARQ feedback and SR transmission for URLLC should be prioritized for transmission compared to that for eMBB. 
	It should be studied in RAN1.

	Ericsson
	Yes
	A general comment on all scenarios: Since RAN1 solutions could have impact in MAC and/or RLC, RAN1 should not agree on solution(s) without RAN2’s feedback on the feasibility and impacts from RAN2 p.o.v.
	 In general, prioritization between control channels are handled in RAN1. 

For prioritization to work on physical layer, it needs to know the priority level of each uplink control transmission. It is not clear yet whether existing mechanisms, such as reading SR configuration in RRC, is enough or any explicit indication from the MAC is needed. 

So, we think this should be studied in RAN1 first, and later with RAN2 involvement if needed.

	NOKIA
	Yes
	In order for the URLLC transmission to be conducted earlier in a proper fashion, the associated control signals should be prioritized in case they overlap with control signals of lower priority traffics.
	Uplink control transmission may include information such as HARQ-feedback, CSI and SR.
Since only MAC has knowledge of SR priority of different logical channels, while HARQ feedback and CSI are merely Layer-1 control signals, joint RAN1/RAN2 study is needed to come up with a unified prioritization rule for resource collision involving uplink control transmission.
In particular, RAN2 should study how to prioritize SR for URLLC over other control signalling and provide information to RAN1 on how to identify and prioritize CSI/HARQ for higher priority traffic. 


	Intel
	Yes
	Agree that this should be studied further. However, as indicated above, the description should not be limited to use cases with “eMBB vs. URLLC data”.
	We think the issue is mainly RAN1.

	LG
	Yes
	 
	It is RAN1 scope.

	Vivo
	Yes
	To prioritize the URLLC traffics, the UCI related to URLLC service should also be prioritized, especially HARQ-ACK, SR. Therefore, when colliding with other UL control channels (e.g. eMBB related UCI), the URLLC UCI should be given the high priority, i.e. not being punctured or dropped. As UCI prioritization is handled by L1, such prioritization means L1 should have the knowledge about the UCI type (i.e. the UCI is for URLLC or eMBB). 
	RAN1 to work on the following aspects
1) How to differentiate eMBB/URLLC in L1
2) UCI prioritization rules/behaviors for URLLC when colliding with other non-URLLC UCIs. 
RAN2 to discuss whether the priority of the SR/HARQ-ACK can be provided to the PHY.

	OPPO
	Yes
	Agree with Qualcomm.
	It should be studied in RAN1.

	Huawei
	Yes
	In R15, UCIs on overlapping PUCCHs would be multiplexed and transmitted on one PUCCH if these two PUCCHs satisfies the defined timeline. Consider if URLLC UCI can be identified, then the following two options could be down-selected as already discussed in RAN1:
· URLLC UCI is prioritized while other UCI is dropped;
· If the timeline is satisfied, then URLLC UCI is multiplexed with other UCI; Otherwise, URLLC UCI is prioritized.
Drop the other UCI where including ACK/NAK from many PDSCHs will cause lots of retransmissions while multiplexing would be not robust for URLLC UCI. Therefore much more RAN1 efforts need to be done for a better trade-off.
	This scenario should be discussed in RAN1 to guarantee the latency and reliability of the URLLC UCI. Regarding SR, RAN1 has some discussions and actually it can be included in differentiation between URLLC UCI and eMBB UCI, which should be handled by RAN1. Therefore there is no need to separate SR from other UCIs.

	InterDigital
	Yes
	Agree with Qualcomm
	Agree with Qualcomm. 

In addition, prioritization of e.g. HARQ-ACK requires a solution to identify its reliability (or priority) level, similar to what is needed for UL grant in scenarios 2/3. This should be studied by RAN1.

	NTT DOCOMO
	Yes
	We could study the prioritization rule for the collision between 
1) control channel for high priority data and that for low priority data
2)  control channels for the same priority data (e.g. high priority vs. high priority)

For 2) above, depending on the scheduling timing, the transmissions of UCI could collide with transmission of other types of UCI (e.g. HARQ-ACK with repetition for URLLC v.s. CSI with repetition for URLLC). It would be good to address this scenario also.
	Basically, RAN1 can discuss . But, both RAN1and RAN2 can discuss the case of collision between SRs.

	Samsung
	Yes
	It can be handled by gNB implementation not to make multiplexing between different services. However, if it studied, It should focus to make unified design for all UCIs (SR, CSI, HARQ-ACK, .. ) of eMBB and URLLC instead of limiting cases.
	Mainly, RAN1 needs to handle this issue.

	CATT
	Yes
	Allowing intra-UE prioritization on PUSCH will very likely require managing collisions of the related control channels. 
	RAN2 should first decide which control channels are subject to prioritization, and define the scenarios. In a second step, RAN1 can check if any impact on L1 (which should be minimized as much as possible).

	ASUSTeK
	Yes
	We see the benefit of prioritization for same types and/or different types of UL control transmissions. It should be deeply analyzed for each cases, then determine the rules of prioritization.
	Most cases could be studied in RAN1, but some information is only known by RAN2, e.g. the priority of SR. Thus, RAN2 could discuss how to provide the associated information to PHY.

	MediaTek
	Maybe
	This is a second order problem and is of a lower importance than the aforementioned scenarios. 
There are a few questions to be resolved:
· Can one control channel transmission puncture another?
· How does the UE determine the priority of the DL HARQ feedback?
· How does the UE determine the priority of the SR?
Furthermore, we do not see a need to prioritise the transmission of CSI or BSR over other transmissions.
	If time permits, RAN1 to study if and how a control channel transmission can be dropped or suspended.

If time permits, RAN2 to look at ways to determine the priority of the control channel transmission.


	AT&T
	Yes
	We agree with comments from Qualcomm
	Agree with comments from Qualcomm



Observations: 
· 18 companies agree this scenario should be studied. MediaTek didn’t object and raise a few more questions.
· Diverse views on joint RAN1/RAN2 work split. 8 companies think it is purely RAN1’s scope (Sony, III, Apple, Intel, LG, OPPO, Huawei, Samsung), while other companies think RAN2 should be involved for control channels such as SR because MAC has more knowledge about the relevant logical channels than PHY.
Proposal 4:
· Scenario 4 should be included in the study
· RAN1 should be the main responsible for studying this scenario while RAN2 should analyse the scenarios involving SR prioritization 

Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
In cases wherein both eMBB and URLLC data are exchanged between the UE and gNB, certain types of uplink control transmission (e.g. HARQ-ACK, SR, BSR, CSI) may overlap in time with PUSCH related to traffic with the same or higher/lower priority. Do companies agree this case should be studied in this SI? If so, what are the aspects to be studied by RAN2 and what are the aspects to be studied by RAN1?

	Company
	Yes/No?
	General Comments
	Comments on RAN1/RAN2 work split

	Qualcomm
	Yes
	When HARQ feedback or CSI collide with a PUSCH transmission, if they are for different service types, in some cases (e.g. HARQ feedback or CSI report is for URLLC but PUSCH is for eMBB) it may not be desirable to multiplex them into a single transmission. Therefore, we think in those cases their transmissions need to be prioritized. 
When a SR transmission triggered by URLLC data collides with a PUSCH transmission for eMBB, they need to be prioritized too.
	For collisions between a PUSCH Tx and HARQ feedback or CSI report, since transmissions of the latter type is not visible to upper layers, they should be resolved by PHY. Hence this type of topic should be studied by RAN1.

SR triggers are controlled by MAC. So MAC procedures can be designed to avoid SR colliding with other PUSCH transmissions. On the other hand, MAC does not have visibility to SR transmission occasions. Some interactions between PHY and MAC may be needed to help resolve this type of collision. We therefore think this topic should be studied in RAN2, with support from RAN1 if needed.

	OPPO
	Yes
	When high priority control channel transmission collides with a PUSCH transmission with lower priority traffic, control channel transmission may need to be prioritized to assure the required latency.

However, some confusion exists for the BSR and PUSCH conflict case: why we need to consider such case? It is better for us if some clarification can be obtained on this case. 
	RAN1 and RAN2 work can be simply split as follows:
· The conflict related to HARQ-ACK, CSI is operated by RAN1 since the ones are not visible to upper layers 
· The conflict related to SR is operated by RAN1 and RAN2

	III
	Yes 
	We agree with Qualcomm that HARQ feedback or SR for URRLC should be prioritized. 
	Uplink control transmission with power headroom consideration should be studied in RAN1.

	ZTE
	Yes
	We think the collision between control channel and URLLC transmission can be considered as part of intra-UE UL prioritization and should be taken into account in the SI as well.

	Similar as the answer to the question 2.5 that the detail handling of collision between control channel and data transmission can be left to RAN1. However, a joint discussion between RAN1 and RAN2 may be beneficial to understand that which control channels can be canceled by the URLLC data transmission.
From RAN2 aspect, we see some impact on SR related timer/counter maintainence if the SR transmission can be canceled due to the collision.

	Apple
	Yes
	Agree with Qualcomm that HARQ feedback and SR transmission for URLLC should be prioritized for transmission compared to that for eMBB. 
	

	Ericsson
	Yes
	A general comment on all scenarios: Since RAN1 solutions could have impact in MAC and/or RLC, RAN1 should not agree on solution(s) without RAN2’s feedback on the feasibility and impacts from RAN2 p.o.v.

A different multiplexing rule might be beneficial depending on if the uplink control is for eMBB while the PUSCH is for URLLC or vice versa. 

In addition, In Rel-15, a triggered SR is not transmitted if the PUCCH resource for the SR transmission occasion overlaps with a UL-SCH resource.
	Similar to the comments above, RAN1 should work on control-information related prioritization. For prioritization to work on physical layer, it needs to know the priority level of the uplink control transmission. It is not clear yet whether any explicit indication from the MAC is needed. So, we think this should be studied in RAN1 first, and later with RAN2 involvement if needed.

On SR, RAN2 to study first the prioritization of SR transmission over an overlapping UL-SCH and involve RAN1 later if enough progress has been made.

	NOKIA
	Yes
	In order for the URLLC transmission to be conducted earlier in a proper fashion, the associated control signals should be prioritized in case they overlap with data transmission of lower priority traffics.
	Uplink control transmission may include information such as HARQ-feedback, CSI and SR.
Since only MAC has knowledge of SR priority of different logical channels, while HARQ feedback and CSI are merely Layer-1 control signals, joint RAN1/RAN2 study is needed to come up with a unified prioritization rule for resource collision involving uplink control transmission.

In particular, RAN2 should study how to prioritize SR for URLLC over PUSCH transmissions of lower priority traffic. Similarly, to scenario 4, RAN2 should analyse whether some information needs to be provided to PHY layer so that it is able to prioritize CSI/HARQ for higher priority traffic over PUSCH of lower priority traffic. 


	Intel
	Yes
	Agree that this should be studied further. However, as indicated above, the description should not be limited to use cases with “eMBB vs. URLLC data”.
	We think the issue is mainly RAN1.

	LG
	Yes
	1) Collision between PUSCH and CSI/HARQ feedback – It is already possible to piggyback CSI/HARQ feedback to PUSCH from PHY point of view. 
2) Collision between PUSCH and BSR – BSR is prioritized over any logical channel data in MAC. So, we cannot understand the issue.
3) Collision between PUSCH and SR – It is RAN1 scope.

	There are complex condition handling collision between control channel and data channel in RAN1. Thus, RAN2 cannot study/conclude on this.

	Vivo
	Yes
	To prioritize the URLLC traffics, the UCI related to URLLC service should also be prioritized, especially HARQ-ACK, SR. Therefore, when colliding with other UL data transmissions (e.g. eMBB PUSCH), the URLLC UCI should be given the high priority, i.e. not being punctured or dropped. As UCI prioritization is handled by L1, such prioritization means L1 should have the knowledge about the UCI type (i.e. the UCI is for URLLC or eMBB). 
When PUSCH containing URLLC traffics collides with another PUCCH containing eMBB related UCI, the PUSCH should be prioritized. 
	RAN1 to work on the following aspects
1) How to differentiate eMBB/URLLC in L1
2) UCI prioritization rules/behaviors for URLLC when colliding with non-URLLC PUSCH
3) PUSCH prioritization rule/behaviors for URLLC when colliding with non-URLLC UCIs. 
RAN2 to discuss whether the priority of the SR can be provided to the PHY and whether the priority of the data can be provided to the PHY.

	Huawei
	Yes
	Similar as collision between control channels. For instance, when URLLC UCI is overlapped with eMBB PUSCH, enhanced UCI piggyback approach could be studied to guarantee the URLLC UCI. Otherwise, the latency and reliability constrains of URLLC UCI may not be met by legacy approach. Similarly, when eMBB UCI is overlapped with URLLC PUSCH, it is better to deprioritize the UCI transmission to guarantee the URLLC data transmission.
	This scenario should be discussed in RAN1. RAN2 study shall be pending on RAN1 progress on enhanced UCI piggyback if any to avoid inconsistency between RAN1 and RAN2. 

	InterDigital
	Yes
	Agree with Qualcomm
	Agree with Qualcomm

	NTT DOCOMO
	Yes
	We could study the prioritization rule for the collision between 
1) control channel for high priority data and data channel for low priority data
2) control channels for low priority data and data channel for low priority data 
3) control channel and data channel for the same priority data (e.g. high priority vs. high priority)

For 3) above, depending on the scheduling timing, the transmissions of UCI could collide with data transmission (e.g. SR/HARQ-ACK/CSI for URLLC v.s. URLLC PUSCH). It would be good to address this scenario also.

	RAN1 can discusss

	Samsung
	Yes
	(1) NW implementation can avoid overlap. Also, it has gNB RX complexity to detect SR or UL-SCH. But it may degrade URLLC performance. We need to study the gain.
(2) BSR overlap with PUSCH sounds like “prioritizing LCH over BSR” If LCH serves high priority data, BSR could be deprioritized. It sounds like LCP enhancement. But how much gain is expected should be justified. 
	(1) This part is collision between physical channels. MAC spec does not capture anything about this. It should be done by RAN1.
(2) It’s RAN2 scope.



	CATT
	Yes
	Similar to above, allowing intra-UE prioritization on PUSCH may also require managing collisions of the related control channels with PUSCH transmissions. Also for SR triggered by URLLC, some flexibility should be studied in allowing an SR transmission to take priority over a PUSCH transmission.
	RAN2 should first study which control channels are eligible to prioritization over PUSCH from L2 performance perspective. Then RAN1 can check if any impact on L1 (which should be minimized as much as possible).

	ASUSTeK
	Yes
	It is beneficial to prioritize the control channel over data channel in some cases, e.g. the control channel is for URLLC, and the data channel is for eMBB.
	How to handle the collision between different channels should be discussed in RAN1.
RAN2 could discuss whether any information should be provided to PHY.

	MediaTek
	Yes
	The case where a high priority data transmission punctures/overrides a control channel transmission should be studied, for the same reasons as Scenarios 2 and 3.

The case where control information corresponding to high priority data overlaps with lower priority data transmission is of a secondary importance, similar to Scenario 4.

We may also need to revisit the MAC CE priorities, which are now of a higher priority than URLLC data.
	RAN1 to study if and how an UL data transmission can puncture or override an ongoing UL control transmission.

RAN2 to look into the means by which UL data can be determined to be of a higher priority than control signalling. RAN2 to also look into the relative priorities of MAC CEs and UL data.

	AT&T
	Yes
	Agree with Qualcomm
	Agree with Qualcomm



Observations: 
· ALL (19) companies agree this scenario should be studied.
· Most companies in general think RAN2 should be involved for study of prioritization of SR in addition to RAN1 study. However, some companies (Intel and NTT Docomo) think this is purely a RAN1 issue.
Proposal 5:
· Scenario 5 should be included in the study
· RAN1 should be the main responsible for studying this scenario while RAN2 should analyse the scenarios involving SR prioritization 

Scenario 6: Intra-UE UL Prioritization – Transmit Power Limitation in CA/DC scenarios
In cases wherein both eMBB and URLLC data are exchanged between the UE and gNB and corresponding data or control transmissions simultaneously occur on different serving cells, prioritization may have to occur due to transmit power limitation. Do companies agree this case should be studied in this SI? If so, what are the aspects to be studied by RAN2 and what are the aspects to be studied by RAN1?

	Company
	Yes/No?
	General Comments
	Comments on RAN1/RAN2 work split

	Qualcomm
	Yes
	Our understanding is that power limitation can happen in CA mode. For example. gNB may schedule URLLC data to be sent at a power level that is larger than UE’s available headroom. In that case, if UE plans to allocate the required power to URLLC transmission, it needs prioritization. In the DC mode, unless two NBs coordinate, the total transmission power by two RATs may exceed UE’s available headroom. In that case, if UE plans to allocate the required power to URLLC transmission, it needs prioritization.
	Since power control is performed in PHY, we think this scenario should be studied by RAN1.

	III
	Yes
	Transmit power is not only limited by CA/DC mode, but also limited when multiplexing PUCCH and PUSCH. These cases should be discussed together in RAN1. 
	Uplink control transmission with power headroom consideration should be studied in RAN1.

	ZTE
	Yes
	Share the same view with Qualcomm.
	We share the view from QC that the power control should be left to RAN1.
We understand that some information exchange may be required between MAC and PHY for the purpose of service sensitive power control. From RAN2 aspect, some study can be made to identify the useful information, but this can be left to implementation in state 3 specs.

	Apple
	Yes
	Power limitation possibly happens in CA/DC. Service transmission priority should be considered in the power scaling mechanism. 
	It should be in studied in RAN1.

	Ericsson
	No
	This seems out of the scope of the SI which explicitly mentions only “dropping, delaying or puncturing” of low priority service. Given the limited time, we think this should be down prioritized compared to the above five scenarios.
	

	NOKIA
	No
	By implementation it can be resolved via joint power control across the cells as long as power headroom information of the UE is available at the gNB.
	

	Intel
	Yes for DC, No for CA
	In general, we think CA is configured when there is sufficient transmit power. Operating CA under power limited scenario degrades the performance e.g. due to additional PA backoff required for CA. Therefore we think it is a rare scenario to consider.

DC can be operated under power limited scenarios, and some study can be performed in RAN1.
	Study for DC case can be done in RAN1.

	LG
	No
	It should be basically network’s responsibility to avoid power limitation. Even if it happens, that seems to be in scope of RAN1.
	It is RAN1 scope.

	Vivo
	
	Power limitation is a generic issue when CA or DC is applied. A prioritization rule that can be applicable to CA/DC scenarios should be considered in the study of scenario 2,3,4,5. No need to discuss it separately. 
	This can be discussed together with the scenario 2-5.

	OPPO
	Yes
	Power limitation possibly happens in CA/DC. Service specific impact should be considered.
	It should be in studied in RAN1.

	Huawei
	Yes
	Take CA as example, in case of power limitation for CA, the UE should first allocate the transmit power for URLLC channel and hence fulfill the reliability requirement of URLLC data/UCI transmission. The eMBB channel would be either dropped or transmitted with lower power to satisfy the maximum transmit power limitation. 
	Since this issue is mainly related to the power splitting and coordination in the PHY layer, it should be studied by RAN1.

	InterDigital
	Yes
	Agree with Qualcomm and others that power limitation can occur in both CA and DC. 

Power scaling rules are currently specified as a function of UCI vs data, and the UCI reliability requirement is not even as stringent as what is currently considered for IIoT data. RAN1 should be informed of such reliability requirements.

Even if power scaling rules are not modified, differentiation of power control parameters (e.g. P0, alpha) needs to be supported to ensure that power is properly allocated between transmissions in these scenarios.
	These aspects should be studied in RAN1. 

RAN2 should inform RAN1 of the reliability requirement associated with some PUSCH transmissions.

	NTT DOCOMO
	Yes
	We are fine to study what is not sufficient in the R15 spec.
	RAN1 could study first. 

	Samsung
	No
	Agree with Nokia and Ericsson
	It should be done by RAN1.

	CATT
	No
	We don’t see that power limitation is a key issue for IIoT use cases which typical deployments rather involve small cells than large cells.
	

	ASUSTeK
	No
	Due to limited time budget (only 2 meeting left, and less than 2TUs), it may be no enough time to discuss the issues of power control. We suggest to postpone it.
	

	MediaTek
	No
	In the case of a URLLC deployment, we expect that the gNBs are well coordinated and can glean the necessary information for this scenario from the PHR. 
	

	AT&T
	Yes
	We agree that it is possible that a UE may need to prioritize power allocation to a URLLC transmission when simultaneous transmissions occur in different serving cells.   
	RAN1 should study



Observations: 
· Agreed by 10 companies (Qualcomm, III, ZTE, Apple, Intel (for DC only), OPPO, Huawei, InterDigital, NTT Docomo, AT&T)
· Disagreed by 8 companies (Ericsson, Nokia, LG, Vivo, Samsung, CATT, ASUSTek, MediaTek)
· The companies supporting this scenario in general think this is a RAN1 issue.
Proposal 6:
· The scenario should be de-prioritized in the study.

Scenario 7: Intra-UE UL Prioritization – Critical packets within a radio bearer/QoS flow
For an Industrial IoT traffic flow, there could be critical packets, e.g. emergency stop packets, within a radio bearer or a QoS flow. Those critical packets should be prioritized over other packets within the same radio bearer or the QoS flow. Do companies agree this case should be studied in this SI? If so, what are the aspects to be studied by RAN2 and what are the aspects to be studied by RAN1?

	Company
	Yes/No?
	General Comments
	Comments on RAN1/RAN2 work split

	Qualcomm
	No
	We think it is an unnecessary optimization.
	

	III
	No
	It’s too complicated to identify the critical packets within a radio bearer or a QoS flow. 
	

	ZTE
	No
	The packets within one DRB should be considered as equal priority. 
	

	Apple
	Yes
	We should consider the critical packet with higher priority when UE performs the LCP and transmission.
	Upper layer should indicate which packet is critical, and RAN2 should prioritize this packet for transmission. 

	Ericsson
	No
	If the emergency stop packet needs to be prioritized over other packets in the same radio bearer, then it should be transmitted using a different radio bearer.
	

	NOKIA
	No
	We are wondering why critical packets, in case they have higher priority than other packets, would be mapped to the same QoS flow / DRB. It should be checked whether this issue cannot be solved by current mechanisms and what the additional feature would be. There is no need to study the scenario until a clear need is observed.
	

	Intel
	FFS
	According to SA2, DSCP marking can be used to map same IP flow to different QoS flows, which means that the same IP flow can be mapped to different DRBs. This can in theory allow special handling of critical packets (as in TS 23.501 clause 5.7.6.2, bullet “Type of Service (TOS) (IPv4) / Traffic class (IPv6) and Mask”).

However there could be also cases where DSCP fields are not used (e.g. non-IP packets) or DSCP packets are not marked, therefore study is needed on different handling of critical packets within a bearer.
	If studied, this is mainly RAN2 issue.

	LG
	Yes
	Depending on CN implementation, event-triggered critical packet may be mapped to the same QoS flow with other packets.
In this case, in order to handle this critical packet with higher priority, RAN need to transmit this packet via different DRB.
	It is RAN2 scope.

	vivo
	No
	We think the critical packets should be sent via a logical channel with higher priority.
	

	OPPO
	No
	We think it is not necessary.
	

	Huawei
	Yes, but
	We share the intention to prioritize the critical data as well as urgent packets, but not sure if it is tight with intra-UE prioritization study time budget. 
	Differentiated L2 handling for critical data or urgent data can be handled by scheduling enhancement.

	InterDigital
	Yes, but
	Similar to Apple, we think that this may be useful however we also think that this is of lower priority than other scenarios.
	

	NTT DOCOMO
	No
	The scenario is not clear. 
	Agree with Intel

	Samsung
	No
	Similar view with Intel. Within the same DRB, required QoS level will be similar. So this is not necessary. If the different QoS handling is needed, the critical packet should be served by the different DRB.
	RAN2 scope

	CATT
	No
	We agree with the scenario but think that it should be addressed outside RAN because it will be better taken care of by the translator functions (in both UE and CN) of the “black box” model since they process, classify and route the Ethernet frames at the ingress/egress ports of the 5GS bridge. In our understanding such functions are specified by SA2.
	In SA2 scope

	ASUSTeK
	No
	The benefit of optimization is not huge. Somehow it could be addressed based on the current mechanism, e.g. the QoS flow or the RB which is for critical packets could be mapped to the highest priority LCH.
	

	MediaTek
	Yes
	We agree that such a behaviour could be useful
	RAN2 to look at ways to prioritise data within a QoS flow/RB

	AT&T
	No
	Agree with comments from Intel and Samsung
	Agree with Intel



Observations: 
· Agreed by 5 companies (Apple, LG, Huawei, InterDigital, MediaTek)
· Disagreed by 12 companies (Qualcomm, III, ZTE, Ericsson, Nokia, Vivo, OPPO, NTT Docomo, Samsung, CATT, ASUSTek, AT&T)
· FFS: Intel
· Both Huawei and InterDigital think this should be deprioritized considering time budget.
Proposal 7:
· The scenario should not be pursued in the study.

Scenario 8: Intra-UE UL Prioritization – Retransmission resource pre-emption
In case when URLLC data is generated while the transmission of eMBB data is on-going, the UE may transmit the URLLC data by pre-empting the retransmission UL resource for eMBB data. Do companies agree this case should be studied in this SI? If so, what are the aspects to be studied by RAN2 and what are the aspects to be studied by RAN1?

	Company
	Yes/No?
	General Comments
	Comments on RAN1/RAN2 work split

	Qualcomm
	No
	We think this case is included Scenario 3 and does not need to be a scenario by itself.
	

	III
	No
	Agree with Qualcomm. 
	

	ZTE
	No
	we also think this scenario can be merged in to the scenario 2 and 3.
	

	Ericsson
	No
	This can be considered within scenario 2 and 3. 
	

	NOKIA
	No
	We agree with Qualcomm it is unnecessary to capture this as a separate scenario.
	

	Intel
	No
	This can be handled under Scenario 3
	

	LG
	Yes
	The intended scenario is different from Scenario 2/3. The intention is to use an UL grant, which is targeted for eMBB retransmission, for new transmission of URLLC data. In other words, the case is when the UE receives only one UL grant for eMBB retransmission.
From latency point of view, it would be beneficial to use the UL grant already received instead of triggering/sending SR/BSR later.
	RAN1/2 need to discuss HARQ operation for this.
Basically, we think AUL PUSCH transmission can be reused for this, where NDI and HARQ process ID are transmitted via UCI.

	Vivo
	No
	The scenario may happen. However, we think there is no need to discuss it separately, it can be considered in scenario 2 and 3. 
	

	OPPO
	No
	This scenario can be merged into the scenario 2 and 3.
	

	Huawei
	No
	Agree with Qualcomm
	

	InterDigital
	No
	Agree with Qualcomm
	

	NTT DOCOMO
	No
	Agree with Qualcomm.
	

	Samsung
	No
	Agree with Qualcomm
	

	CATT
	No
	We don’t see a need for a special case on top of scenario 3.
	

	ASUSTeK
	No 
	Agree with Qualcomm
	

	MediaTek
	No
	We do not see any unique aspects in this Scenario when compared to Scenarios 2 and 3.
	

	AT&T
	No
	Even though the description of Scenarios 2 and 3 don’t explicitly include this case, we think it is quite similar and should be included in Scenarios 2 and 3. 
	



Observations: 
· Disagreed by 16 companies, most companies think Scenario 3 can already cover this case.
· Only LG supports this scenario
Proposal 8:
· The scenario should not be pursued in the study.

Scenario 9: Intra-UE UL Prioritization – Prioritize CG transmission over SR/RA procedure
According to the current specification, the UE performs SR or RA procedure on the active BWP regardless of the existence of the configured resource in the inactive BWP. The UE may need to prioritize the configured resource in the inactive BWP if the URLLC data is allowed to be transmitted on the configured resource. Do companies agree this case should be studied in this SI? If so, what are the aspects to be studied by RAN2 and what are the aspects to be studied by RAN1?

	Company
	Yes/No?
	General Comments
	Comments on RAN1/RAN2 work split

	Qualcomm
	No
	We do not see any benefit for UE to switch BWP, which incurs a delay typically longer than the latency requirement of URLLC data, in order to use a configured grant in the target BWP.
	

	III
	Yes
	Multiple active BWP can reduce the switch latency if transmit power is not larger than UE’s power headroom.
	Uplink control transmission with power headroom consideration should be studied in RAN1.

	ZTE
	No
	
	

	Ericsson
	No
	Agree with Qualcomm
	

	NOKIA
	No
	It seems to us that this case tries to address rather bad network configuration where network does not provide proper resources for handling high priority traffic. We think this should rather be low priority issue as it can be solved by properly configuring SR.
	

	Intel
	No
	Switching of BWP in order to transmit on configured resources in an inactive BWP would be a very inefficient way of operation that also impacts system robustness – effectively, this means CG PUSCH resources can be used irrespective of active BWPs, which implies UE-autonomous BWP switching, etc., unnecessarily complicating the procedures and network/UE operation. If a UE is expected to have latency-sensitive traffic requiring CG PUSCH resources, the NW should ensure that UE has such transmission opportunities defined within the current active BWP of the UE.
	

	LG
	Yes
	We need to compare the time taken for SR/RA procedure and BWP switching time. 
In TS 38.133, the maximum BWP switching time is currently 3ms. As RA procedure may also incur BWP switching, we cannot certainly say that it is better to stay at the current Active BWP.

In addition, it is possible not to configure CG resource/SR for a BWP. Thus, it is reasonable assumption that the current active BWP does not have CG resource/SR while other inactive BWP have one.
	It is RAN]2 scope.

	Vivo
	No
	If there is urgent URLLC traffic, gNB should schedule it on the active BWP. Note that BWP switch may cause up to 2ms switching delay and service interruption. 
	

	OPPO
	No
	Agree with Qualcomm. In addition, the network can configure resource properly to avoid this issue.
	

	Huawei 
	No
	Agree with Qualcomm
	

	InterDigital
	No
	Agree with Qualcomm
	

	NTT DOCOMO
	No
	We think that other scenarios should be studied first since we are not sure of how often the scenario 9 happens in the real NW. 
	

	Samsung
	No
	Agree with Qualcomm. Plus, it makes gNB complexity high because gNB try to detect/decode configured grant resource even in inactive BWP.
	

	CATT
	No
	We agree with Nokia that the scenario seems to address some inefficient NW configuration of configured grants targeted for URLLC.
	

	ASUSTeK
	No
	Switching to another BWP may have additional delay, which is not beneficial for transmitting urgent data. NW should make sure the UE is staying in the proper BWP as well as configure the proper resources.
	

	MediaTek
	No
	We do not see any aspects relevant to IIoT in this Scenario that cannot already be solved by NW implementation.
	

	AT&T
	No
	We agree with Qualcomm
	



Observations: 
· Disagreed by 15 companies, most companies think study of this scenario is not necessary.
· Only III and LG support this scenario
Proposal 9:
· The scenario should not be pursued in the study.

Scenario 10: Intra-UE UL Prioritization – Dynamic switching of power control loop
According to the current RAN1 specification, the UE cannot have dynamic switching of power control loop (e.g. open loop parameters P0 and alpha,etc) for PUSCH/PUCCH based on service (i.e. eMBB and URLLC) especially when SRI is not configured. The UE may need to dynamic change its power control loop to ensure the URLLC transmission. Do companies agree this case should be studied in this SI? If so, what are the aspects to be studied by RAN2 and what are the aspects to be studied by RAN1?

	Company
	Yes/No?
	General Comments
	Comments on RAN1/RAN2 work split

	Vivo
	Yes
	For intra-UE eMBB/URLLC multiplexing in UL, typically URLLC requires higher Tx power than eMBB due to the higher reliability target. However, Rel-15 does not support dynamic switching of power control loop (e.g. open loop parameters P0 and alpha,etc) for PUSCH/PUCCH based on service (i.e. eMBB and URLLC) especially when SRI is not configured. 
	RAN1 to work on the power control enhancement to enable dynamic switch of power control loop based on service when SRI is not configured. 

	III
	Yes 
	It’s related the multiplexing issue of UE power headroom between URLLC PUCCH/PUSCH and eMBB PUCCH/PUSCH. This case should be discussed together with scenario 6 in RAN1. 
	Uplink control transmission with power headroom consideration should be studied in RAN1.

	ZTE
	Yes/No
	Although It is benefit for improving the reliability of URLLC transmission, There is no need to start such issue in RAN 2, this enhancements should be discussed in RAN1 first.
	

	Ericsson
	No
	See above for Scenario 6. 
	

	NOKIA
	No
	By implementation it can be resolved by having the same power control setting for both eMBB and URLLC, which will be satisfactory for reliability requirement of URLLC.
	

	Intel
	No
	RAN1 is already studying feasibility and benefits of enhancements related to possible support of dynamic power boosting for higher priority traffic. There is no need to capture it here in this list.
	RAN1 already studying related enhancements

	OPPO
	No
	Agree with Intel.
	 

	Huawei 
	Yes
	We share the intention to have the enhanced power control, e.g. two power control parameters for eMBB and URLLC transmission respectively or even broader range of TPC, to guarantee URLLC transmissions. However, the enhanced power control may not be only valid for overlapping eMBB and URLLC case, but can be also applied to the non-overlapping case, i.e. the eMBB and URLLC transmission is not necessarily concurrent.
	This scenario should be handled by RAN1 on enhanced power control to ensure URLLC transmission.

	Qualcomm
	Yes
	Agree with Vivo
	This scenario should be handled by RAN1.

	InterDigital
	Yes
	This may be different than the “power boosting” that RAN1 is discussing as part of the inter-UE prioritization discussion.

This scenario could be studied as part of scenario 6.
	Should be studied in RAN1. 

	NTT DOCOMO
	Yes
	We in general fine to study it since RAN1 is studying the enhancements like dynamic power boost for URLLC UE, different power control loop can be supported for UE having both URLLC and eMBB traffic. But not sure of this is related to prioritization in UE. 
	RAN1 

	Samsung
	No
	Agree with Nokia and Ericsson
	RAN1 scope

	CATT
	No
	Same as for scenario 6, we don’t see that UE Tx power is a key dimension to play with in this SI given the expected typical small range of IIoT cells.
	

	ASUSTeK
	No
	It's in RAN1 scope
	

	MediaTek
	No
	The power control parameters can be dynamically controlled by the gNB with the SRI field. We do not see a need to address the Scenario in a different way.
	

	AT&T
	Yes
	We agree with comments from Vivo
	RAN1 scope



Observations: 
· Agreed by 8 companies (Vivo, III, ZTE, Huawei, Qualcomm, InterDigital, NTT Docomo, AT&T)
· Disagreed by 8 companies (Ericsson, Nokia, Intel, OPPO, Samsung, CATT, ASUSTek, MediaTek)
· Most companies think this is within the RAN1 scope.
Proposal 10:
· The scenario should be de-prioritized in the study.

Conclusion
Based on the results of email discussion, the following can be proposed:
Proposal 1:
· Scenario 1 should be included in the study
· Send a LS to RAN1 to study DL intra-UE prioritization, by considering feasibility of pre-empting an on-going assignment by a later assignment as a way to differentiate traffic types.
Proposal 2:
· Scenario 2 should be included in the study
· Send a LS to RAN1 to trigger a RAN2/RAN1 joint study on this scenario (in particular, RAN2 should look at MAC procedures such as grant handling and LCP prioritization, while RAN1 should study the mechanisms for pre-emption, if needed).
Proposal 3:
· Scenario 3 should be included in the study
· RAN1 should be reposnible for studying this scenario.
Proposal 4:
· Scenario 4 should be included in the study
· RAN1 should be the main responsible for studying this scenario while RAN2 should analyse the scenarios involving SR prioritization 
Proposal 5:
· Scenario 5 should be included in the study
· RAN1 should be the main responsible for studying this scenario while RAN2 should analyse the scenarios involving SR prioritization 

Proposal 6:
· The scenario should be de-prioritized in the study.

Proposal 7:
· The scenario should not be pursued in the study.

Proposal 8:
· The scenario should not be pursued in the study.

Proposal 9:
· The scenario should not be pursued in the study.

Proposal 10:
· The scenario should be de-prioritized in the study.
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