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1	Introduction
One of the objectives of the study on NR Industrial IoT [1] is:
	a) [bookmark: _Hlk523733459][bookmark: _Hlk524612594]UL/DL intra-UE prioritization/multiplexing, i.e. prioritization (for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels and considering (RAN2/RAN1):
i) different latency and reliability requirements
ii) Different types of resource allocation for example grant-free and grant-based allocations
Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.



Regarding this objective, RAN2 has sent an LS [2] to RAN1, summarizing the targeted scenarios agreed in RAN2 and requesting the following actions from RAN1:
	ACTION: 	RAN2 respectfully asks RAN1 to take the above information into account and study solutions for intra-UE traffic prioritization for the following five scenarios:
· Scenario 1: Intra-UE DL Prioritization
· Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
· Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
· Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
· Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel

In addition, RAN1 may also consider studying the following scenarios:
· Scenario 6: Intra-UE UL Prioritization – CA-based Concurrent Transmission with Power Limitation 
· Scenario 7: Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities



Section 2, 3 and 4 summarize the related discussions in the contributions submitted under AI 7.2.6.4 [3-29].

2	Scenarios 1-7
[bookmark: _Toc415085486][bookmark: _Toc503902285]2.0		General
It was suggested in OPPO[4] that the primary target of R16 eURLLC SI/WI is to support a efficient URLLC-only service and supporting URLLC/eMBB multiplexing is the secondary target. Due to this consideration, it proposed to prioritize scenario 4 and 5, treat scenarios 1 to 3 as second priority, and defer scenario 6 and 7 to future releases.
In MediaTek[10], it discussed different means of prioritization, including: (1) aborting a transmission; (2) aborting and delaying a transmission; (3) puncturing a transmission. It was proposed that UE hardware complexity should be considered, and (3) is considered as more complicated at the UE. It was also suggested that the spectral efficiency impact of prioritization is generally low, as conflicts mostly occur with sporadic URLLC traffic, or with URLLC retransmissions.
In InterDigital[20], it was proposed that Solutions studied for scenarios 2-5 should take UE processing time in account. Different UE behaviour should be studied depending on if the UE has sufficient processing time to handle the collisions for scenarios 2-5.

2.1		Scenario 1: Intra-UE DL Prioritization
According to [2], “This scenario considers a case where a UE has sequentially received two DL assignments with overlapping radio resources in time. RAN2 assumes that by the later DL assignment has priority over the earlier DL assignment, considering that in principle the gNB will only give an assignment that overlaps with previous assignment for higher priority traffic. Based on such assumption, RAN1 should study solutions for prioritizing later received DL assignments.”
It has been pointed out by many companies (Ericsson[3], OPPO[4],  vivo[7], Nokia/NSB[11], CATT[12], LGE[13], Sony[14], Samsung[15], CMCC[16], Panasonic[17], Intel[19], DOCOMO[22]) that whether a UE can process more than one PDSCH overlapping in time should be discussed in RAN1. This can be potentially introduced as a UE capability. If the capability is to be introduced, Intel[19] suggested that the maximum number should be defined.
Depending on the UE capability of processing more than one PDSCHs overlapping in time, we have the following cases to consider:
· Case 1: UE is capable of decoding more than one PDSCHs overlapping in time
· Case 1-1: the two PDSCHs do not overlap in frequency
· Case 1-2: the two PDSCHs overlap in frequency
· Case 2: UE is not capable of decoding more than one PDSCHs overlapping in time
In case 1-1, the UE can decode both simultaneously.
In case 1-2, it needs to be discussed further whether the UE can still decode both by handling the overlapping resources properly. If yes, prioritization rule is necessary so that the UE knows which PDSCH is transmitted in the overlapping resources. Otherwise, prioritization rule is also necessary so that the UE knows which PDSCH to decode.
In case 2, prioritization rule is necessary so that the UE knows which PDSCH to decode.
For case 1-2 and case 2, there are different ways to determine the prioritization between the two PDSCHs:
· Later DCI should override the earlier DCI (OPPO[4], MediaTek[10], Nokia/NSB[11], CATT[12](?), LGE[13](with potential condition/restriction), Sony[14], Samsung[15], CMCC[16], Panasonic[17], Intel[19], DOCOMO[22])
· differentiation of DL transmissions with different priorities in PHY layer, such as by DCI format or RNTI. (vivo[7], ETRI[18], Huawei/HiSi[27], Convida[29])
· Convida[29]: may be necessary to support >2 priority levels (for IIoT)
· Huawei/HiSi[27], Convida[29]: if PHY layer differentiation is introduced, enhancements for DL PI can be considered to prevent the UE from flushing URLLC traffic that is intended for itself.
In case HARQ-ACK feedback needs to be provided for both PDSCHs (e.g. when the UE can decode both, or when the UE reports HARQ-ACK also for eMBB regardless), it is pointed out (OPPO[4], vivo[7], ZTE[9], Intel[19]) that enhancements are necessary for HARQ-ACK codebook determination to avoid the dropping of HARQ-ACK for one of the PDSCHs. Different options are discussed e.g. in ZTE[9]. It is also proposed in DOCOMO[22] that UE should provide HARQ-ACK feedback for both PDSCHs.
It is well recognized that details need to be discussed in terms of the handling of lower-priority PDSCH, e.g.
· Ericsson[3]: rules should be defined which PDSCH occupies the overlapping REs (in case there are overlapping REs) so that the UE knows how to decode, and which PDSCH gets prioritized if the UE can decode only one PDSCH.
· CATT[12]: processing of the lower priority PDSCH is either cancelled or delayed depending on the scheduled HARQ-ACK timing
· Sony[14]: For the scenario where two PDSCHs scheduled to the same UE overlap in time and the UE is NOT capable of decoding both PDSCHs, at least the overlapping part of the PDSCH with the lower priority is dropped.
It was also proposed to support out-of-order HARQ-ACK in vivo[7](?), CATT[12], Intel[19] and Huawei/HiSi[27].
It was proposed in OPPO[4] to consider additional DL pre-emption signalling (in addition to the later DL grant) so that two DL grants can be handled independently. 

2.2		Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
According to [2], “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.”
It is the common understanding that the current rule defined in RAN2 that dynamic grant always takes priority over configured grant is not appropriate to handle URLLC traffic transmitted using configured grant.
It is proposed in Samsung[14] that this can be left up to UE implementation because if URLLC latency budget is sufficient, especially, for large SCS values and shorter periodicity of configured grant for URLLC PUSCH, the UE may prefer to transmit the scheduled PUSCH for eMBB and transmit PUSCH on next configured grant resource for URLLC. The overall situation is similar to the conflict of SR transmission that can occur in Rel-15 where it is left to the UE implementation which SR to transmit in case of multiple overlapping positive SRs. 
But all the other companies think some enhancements are necessary. The prioritization is currently being discussed in RAN2. Regardless of whether/what prioritization rules are defined in RAN2, it seems unavoidable that there will still be cases of colliding configured grant and dynamic grant at PHY considering the timeline. Almost all the companies think the issue cannot be addressed by RAN2 alone, and some work needs to be done in RAN1. Here are some examples of how to do prioritization in PHY layer:
· Ericsson[3]: study transmission profile signalling in DCI
· OPPO[4]: Grant-based transmission is not always prioritized over grant-free transmission and it’s better to choose resource according to traffic requirement and resource configuration,e.g. transmission duration and/or periodicity.
· vivo[6]: URLLC grant-free PUSCH is prioritized over eMBB grant based PUSCH, where eMBB PUSCH is dropped entirely or partially.
· ZTE[9]: Adopt a pre-defined rule e.g., a configured grant can override a dynamic grant. Also consider the mechanism of transmitting low-priority data as much as possible without affecting high priority data transmissions.
· MediaTek[10]: prioritize the later TB from MAC, assuming MAC does prioritization first.
· CATT[12]: For PHY, prioritization between an UL DG and CG needs to take into account both latency and reliability as characterized by the PUSCH duration and the target code rate. In case of UE-autonomous prioritization, study solutions to ensure reliable detection of the transmitted PUSCH when a dynamic PUSCH collides with a configured PUSCH.
· Sony[14]: A priority indication is passed down to the physical layer for a TB for URLLC traffic. If the data is available for the colliding configured grant PUSCH and dynamic grant PUSCH prior to constructing the TB of the earliest PUSCH, the UE multiplexes the URLLC traffic into the dynamic grant PUSCH using the low spectral efficiency MCS if the TBS is sufficient to carry the URLLC traffic.  Otherwise if either data is not available prior to constructing the TB of the earliest PUSCH, the UE drops the lower priority PUSCH and transmits the higher priority PUSCH.
· CMCC[16]: Prioritize the grant on which data of higher priority can be transmitted with consideration of LCP restrictions and required processing timeline.
· Panasonic[17]: The design would depend on whether the gNB is aware of the prioritization of different grant, or the grant-free UL transmission contains UCI which indicates eMBB / URLLC identification.
· Intel[19]: Rel 16 supports configuring a UE such that resource for configured grant can be prioritized for transmission if it overlaps with other grant-based PUSCH resource.
· InterDigital[20]: The PHY layer should support means to determine whether a grant (configured or dynamic) corresponds to transmissions of different reliability and/or latency characteristics when MAC delivers a new TB to the PHY layer in case of a collision according to scenario 2, and transmit the one with the highest reliability/latency requirements.
· Docomo[22]: MAC layer can make the selection based on the LCP and the scheduling information/parameters for the configured grant resource and dynamic grant resource. Minimum processing timeline is required so that UE can cancel, puncture or suspend the UL transmission with lower priority as soon as possible.
·  QC[25]: PHY differentiation (e.g. provided via UL DCI) is necessary in order for the UE to have sufficient time to prepare for PUSCH transmission and potentially UCI multiplexing on PUSCH. 

Some companies (Ericsson[3], vivo[6]) proposed that Rel-15 mechanism can still be reused when the configured grant has the same or lower priority than the dynamic grant.

2.3		Scenario 3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
According to [3], “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.”
In case of conflict between dynamic grants, the following are proposed for prioritization between the dynamic grants:
· Later UL grant takes priority (Ericsson[3], OPPO[4], ZTE[9], MediaTek[10], Nokia/NSB[11], CATT[12], LGE[13], CMCC[15], Panasonic[17], Intel[19], Mitsubishi[23], WILUS[24] (if the first PUSCH does not have UCI), Huawei/HiSi[26](?), DOCOMO[22])
· Explicit/Implicit signalling of prioritization in DCI (Ericsson[3], InterDigital[20])
· vivo[6]: Gant based PUSCH for URLLC is prioritized over grant based PUSCH for eMBB, where eMBB PUSCH is dropped entirely or partially. Service type differentiation should be supported in physical layer, such as by DCI format or RNTI.
· ZTE[9]: use pre-defined rule (e.g. the later takes priority) to decide the priority, or the gNB indicates the priority.
· Sony[14]: The gNB does not know the priority of a dynamically scheduled PUSCH, because it is up to the UE to multiplex data from different LCID into the PUSCH. It proposed a few ways to determine the priority:
· The DCI indicates the SR ID in which the UL grant is targeting and the UE multiplexes data from LCIDs corresponding to the indicated SR ID, which would provide the priority of the PUSCH.
· A dynamic grant PUSCH that has a shorter duration (in time) has higher priority than a dynamic grant PUSCH with a longer duration.
· If the priority of two colliding PUSCH are the same or they are not indicated in the DCI or cannot be implicitly determined, then the PUSCH scheduled by the later grant has higher priority than the PUSCH scheduled by the earlier grant.
· Samsung[15]: prioritization is based on the priority of the corresponding traffic type.
· WILUS[24]: If the first PUSCH has UCI multiplexed, consider further the options that UCI corresponding to eMBB/first PUSCH is shifted to UL-SCH RE(s) on the second PUSCH
Huawei/HiSi[26] proposed to support out-of-order scheduling for PUSCH.
The higher priority PUSCH is transmitted, and the detailed handling of the lower priority PUSCH (e.g. to cancel, to drop or to puncture, etc) can be discussed further.
2.4		Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
According to [2], “This scenario considers a case where the resources of uplink control transmission overlaps in time with other uplink control transmission relating to another, higher priority traffic. It is RAN2 understanding that this scenario should be mainly studied by RAN1, but RAN2 should be involved for analyzing the cases relating to uplink control transmission relating to SR.”
All the companies think that the issues should be considered, and many companies provide a list of different cases to be discussed. The discussion here overlaps significantly with the prioritization/multiplexing discussions under UCI enhancements in URLLC L1 enhancement SI, and it is closely connected with the HARQ-ACK enhancements being discussed.
Ericsson[3] proposed that this should be discussed under UCI enhancement AI.
Intel[19] suggested that explicit L1 indication for prioritization of one UCI type over the other may not be necessary, but all the other companies considered it necessary to have some type of L1 indication for multiplexing/prioritization purpose.
Regarding the detailed prioritization/multiplexing behaviour, here are some of the example proposals:
· OPPO[4]:
· When SR triggered by URLLC collides with long PUCCH, only SR is transmitted if SR is positive or both SR and long PUCCH are transmitted simultaneously. 
· For HARQ-ACK from different service types, HARQ-ACK corresponding to URLLC and eMBB should be independently transmitted, and HARQ-ACK corresponding to URLLC has higher priority. At most 2 HARQ-ACK codebooks can be simultaneously constructed. Multiple HARQ-ACK codebooks for URLLC can be constructed in one slot by TDM manner. In one slot, at most one PUCCH is used to transmit eMBB HARQ-ACK.
· vivo[6]: Use the following priority as starting point: URLLC HARQ-ACK/SR > eMBB PUCCH. UE can determine SR priority by the number of symbols or periodicity of SR.
· MediaTek[10]: indication of HARQ priority level would be necessary. RAN2 should study the MAC enhancements to indicate the priority level of SR to L1, and should analyse whether L1 needs to report to MAC when SR is dropped. URLLC SR should be prioritized over other PUCCHs. P/SP-CSI should be deprioritized when it conflicts with URLLC SR or URLLC HARQ.
· Nokia/NSB[11]: HARQ-ACK priority for a PDSCH can be indicated explicitly via a DCI field in DL assignment. SR priority should be defined. High priority HARQ-ACK and high priority SR can be multiplexed on the same PUCCH. Periodic CSI is not multiplexed with high priority HARQ-ACK/SR on a PUCCH. Priority rule for the UCI is defined as: high priority HARQ-ACK/SR > regular HARQ-ACK/SR > P-CSI.
· CATT[12]: Prioritization for the case where SR corresponding to high priority traffic collides with HARQ-ACK corresponding to lower priority PDSCH should be handled in MAC. For the case where HARQ-ACK corresponding to a lower priority PDSCH collides with a CSI report targeting higher priority DL traffic, it may be sufficient to multiplex the two UCI types on a PUCCH resource. For resource conflict between HARQ-ACK and HARQ-ACK study multiplexing mechanisms as part of the URLLC SI or in the follow-on WI.
· LGE [13]: UCI priority can be indicated explicitly by DCI or implicitly by e.g., RNTI/search space. Whether to multiplex eMBB and URLLC UCI on a single PUCCH may be determined based on coding rate/resource/required processing time.  
· Sony[14]: URLLC HARQ-ACK/SR > eMBB HARQ-ACK/SR. URLLC HARQ-ACK and URLLC SR can be multiplexed when PUCCH resources overlap. All URLLC HARQ-ACKs are multiplexed regardless of the URLLC priorities. CSI has the lowest priority.
· Samsung[15]: priority of traffic type can apply. In addition, can consider the prioritization of SR over HARQ-ACK.
· Panasonic[17]: URLLC HARQ-ACK/SR > eMBB HARQ-ACK/SR
· Intel[19]: SR configuration can be exploited to identify when to prioritize SR if its resource overlaps of eMBB HARQ-ACK and/or CSI. URLLC HARQ-ACK and eMBB HARQ-ACK can be multiplexed in case of resource overlap.
· DOCOMO[22]: the priority can be defined as HARQ-ACK for URLLC > SR for URLLC > HARQ-ACK for eMBB > SR for eMBB > CSI with higher priority for URLLC (if supported) > CSI with higher priority for eMBB > CSI with lower priority for URLLC (if supported) > CSI with lower priority for eMBB. 
·  Huawei/HiSi[26]: eMBB UCI and URLLC UCI can be multiplexed on a PUCCH when certain conditions (resource, coding rate) are met.

2.5		Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
According to [2], “This scenario considers a case where the resources of uplink control transmission overlaps in time with uplink data transmission relating to another traffic with either higher or lower priority. It is RAN2 understanding that this scenario should be mainly studied by RAN1, but RAN2 should be involved for analyzing the cases relating to uplink control transmission relating to SR.”
Similar to scenario 4, all the companies acknowledge that the issues should be considered, and many companies provide a list of different cases to be discussed. The discussion here overlaps significantly with the prioritization/multiplexing discussions under UCI enhancements in URLLC L1 enhancement SI, and it is closely connected with the HARQ-ACK enhancements being discussed.
Ericsson[3] proposed that this should be discussed under UCI enhancement AI.
Intel[19] suggested that existing multiplexing and prioritization rules may be sufficient for control and data channel overlaps in time domain for most cases. Other companies seem to agree that some type of traffic differentiation or priority indication would be needed to handle this scenario.
Regarding the detailed prioritization/multiplexing behaviour, here are some of the example proposals:
· OPPO[4]: When SR triggered by URLLC collides with long PUSCH, only SR is transmitted if SR is positive or both SR and long PUSCH are transmitted simultaneously. PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.
· Vivo[6]: URLLC PUSCH > eMBB PUCCH, and URLLC PUCCH > eMBB PUSCH.
· MediaTek[10]: URLLC data + URLLC control should also be considered. When URLLC data is scheduled by the gNB, it should indicate to the UE if prioritization should take place.
· Nokia/NSB[11]: PUSCH priority should be defined. High priority HARQ-ACK/SR can be multiplexed on high priority PUSCH.
· CATT[12]: Study prioritization mechanisms for SR corresponding to high priority data overlapping with a lower priority multi-slot PUSCH. PUSCH overlapping with HARQ-ACK can be sufficiently handled by network configuration.
· Sony[14]: HARQ-ACK/SR and URLLC PUSCH are multiplexed; URLLC PUSCH > CSI (CSI is dropped); URLLC HARQ-ACK > eMBB PUSCH; For eMBB PUSCH + URLLC SR, transmit URLLC traffic on PUSCH if possible, otherwise prioritize URLLC SR.
· CMCC[16]: Multiple sets of parameters related to UCI-OnPUSCH (e.g. UCI-OnPUSCH enabled or not, scaling, beta offsets and so on) are configured by RRC signaling and UE can select one parameter set according to the type of PUSCH and/or UCI.
· Panasonic[17]: URLLC PUCCH > eMBB PUSCH. URLLC PUSCH > eMBB PUCCH. It also considered the enhancement of beta-offset values including specific value, which allows for dropping eMBB PUSCH or eMBB UCI.
· Intel[12]: In case of conflict between URLLC SR and PUSCH, SR configuration can be exploited for prioritization. Higher layer configuration of configured grant transmission can be used to prioritize PUSCH and drop overlapping HARQ-ACK or CSI report.
· WILUS[24]: If a collision between PUCCH without HARQ-ACK and PUSCH with URLLC data scheduling is occurred, drop PUCCH. Other cases should be further discussed.
· QC[25]: It shows an example where scheduling timeline is not sufficient to determine the channel priority, and a PHY indication is needed. If the PUSCH is associated with a low priority service such as eMBB, the high priority URLLC HARQ-ACK should not be mapped onto it.
· Huawei/HiSi[26]: Enhanced UCI mapping methods for URLLC UCI should be supported, e.g., only mapping on the first hop and/or enabling different beta-offset from eMBB UCI. Enhanced UCI piggyback method to prioritize URLLC data transmission should be supported, e.g., disabling UCI piggyback through indication in DCI and/or enabling smaller beta-offset.

2.6		Scenario 6: Intra-UE UL Prioritization – CA-based Concurrent Transmission with Power Limitation
According to [2], “In cases wherein mixed traffic with different priorities / reliability requirements 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.”
A few companies (Nokia/NSB[11], Samsung[15], Intel[19]) think there is no need to considere enhancements for scenario 6, and this can be handled by gNB/UE implementation.
· Nokia/NSB[11] suggested that Scenario 6 is not a critical scenario to address in Rel-16.
DOCOMO[22] slightly prefers to work on it in MR DC and CA WI.
Enhancements for this scenario (ZTE[9], CATT[12], LGE[13], Sony[14], InterDigital[21], Huawei/HiSi[26]) typically prioritize URLLC (or higher priority) over eMBB (or lower priority) in power allocation. Some detailed proposals include:
· CATT[12]: for UL transmissions on multiple serving cells prioritize TX power for HARQ-ACK/SR corresponding to high priority data over other PUSCH, PUCCH or SRS transmissions.
· Sony[14]: When power is limited in a concurrent UL transmission in multiple carriers, the carrier carrying the higher priority UL transmission is allocated the full required power.  Remaining power is distributed to the lower priority carriers.
· InterDigital[21]: priority order for power allocation is a function of the reliability requirement of the transmission, which is either indicated via DCI (for scheduled PDSCH/PUSCH) or RRC configuration (for configured grant). URLLC PUSCH > eMBB HARQ-ACK/SR (on PUCCH or PUSCH); URLLC HARQ-ACK/SR (on PUCCH or PUSCH) > URLLC PUSCH.

2.7		Scenario 7: Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities
According to [2], “The UE may need to dynamically change its power control loop to ensure the transmission related to high priority data.”
In Rel-15, SRI field can be used to indicate different power control parameters for PUSCH. PUCCH-Spatial-relation-info can be used to configure different power control parameters for PUCCH. But SRI field and PUCCH-Spatial-relation-info may not always be configured or may be used for other purposes.
For scenario 7, a few companies (CATT[12], Samsung[15], Intel[19]) think it is not necessary to study further or question the benefit of further enhancements.
· CATT[12], Samsung[15]: Rel-15 UL power control framework provides the necessary tools to support different power control loops for URLLC and non-URLLC PUSCH.
· Intel[19]: benefit may be limited.
DOCOMO[22] slightly prefers to work on it in MR DC and CA WI.
Proposals on the enhancements include:
· Vivo[8], Nokia/NSB[11], Sony[14], InterDigital[21]: different sets of power control parameters for different traffic types, dynamically indicated in DCI (explicit or implicit)
· Vivo[8]: Different power control parameters for PUSCH can be determined based on the service type/logical channel priority, transmission format/duration, or explicit indication in UL grant. Different power control parameters for PUCCH can be determined based on the service type/logical channel priority, transmission format, or explicit indication in DL grant.
· ZTE[9]: separate power control loops
· Huawei/HiSi[26]: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.

3		Traffic Differentiation/Priority Indication
Generally speaking, companies are supportive of traffic differentiation, or in a more general sense priority indication/determination (e.g. for HARQ-ACK, SR, PUSCH) for intra-UE DL/UL prioritization/multiplexing purpose, except for Intel[19], which suggested that explicit/dynamic priority indication may not be necessary.
Different options have been identified for traffic differentiation or priority indication via PHY signaling:
· Different DCI formats or different DCI format sizes
· Different RNTIs, including the possibility of using MCS-C-RNTI
· Different UE-specific search space
· Explicit field in DCI

4		Other
Separately from the intra-UE multiplexing/prioritization discussion, it was proposed in OPPO[5] that the eMBB and URLLC differentiation mechanisms can be used to enable the new parameters/configurations introduced for URLLC improvements.
Here are some other enhancements discussed for DL:
· Samsung[15] proposed to consider support of NC-JT operation (where multiple DCI formats schedule overlapped PDSCH resources) in the discussions for prioritization of overlapping transmissions/receptions.
· ETRI[18] proposed to study the collision between a dynamic grant-based PDSCH and a PDCCH candidate, and clarify in the specification that UE performs BD of a PDCCH candidate which is overlapped with a scheduled PDSCH.
· However, this has been clarified in RAN1#95 already, and it does not seem that additional action needs to be taken.
Here are some other enhancements discussed for UL:
· Sony[14] discussed the collision between multiple configured grants. And presented has some detailed proposals on the issue.
· Samsung[15] proposed to consider support of multiple simultaneous PDSCH receptions or PUSCH transmissions, PUSCH and PUCCH in the discussions for prioritization of overlapping transmissions/receptions.
· Mitsubishi[23]: Switching active BWP in the middle of eMBB transmission to transmit URLLC data in a different BWP
5		Offline discussions
The following has been agreed for scenario 1 and 2:
	[bookmark: _Hlk2296744]Conclusion:
· It is recommended to support the handling of scenario 1 as listed in R1-1814342 in the Rel-16 WI.
· It is recommended to allow the prioritization of configured grant over dynamic grant under some conditions in case of collision in scenario 2 as listed in R1-1814342 in the Rel-16 WI.
· It is recommended to support the handling of scenario 3 as listed in R1-1814342 in the Rel-16 WI.
· It is recommended to support enhancements for scenario 4 and 5 as listed in R1-1814342 in the Rel-16 WI.

Agreements:
For scenario 2 as listed in R1-1814342, in case the collision between configured grant and dynamic grant occurs in physical layer, options to determine the prioritization between configured grant and dynamic grant include at least – to be further investigated during the WI phase:
· Priority at PHY is determined by MAC layer for the purpose of PHY prioritization.
· Note: this may or may not have any RAN1 impact
· Priority at PHY is determined via using PHY channel(s)/signal(s)/parameters for the purpose of PHY prioritization.
· It is configurable as part of the configured grant configuration whether it should have higher priority than dynamic grant in case of conflict.
· Other options are not precluded.
Agreements:
For Scenario 4 and 5, RAN1 recommends considering the prioritization and/or multiplexing behaviour among URLLC/eMBB HARQ-ACK/SR/CSI and URLLC/eMBB PUSCH, including the cases with UCI on PUCCH and UCI on PUSCH.
Note: RAN1 has not conclude whether to support prioritization, or multiplexing, or both




The following are the notes provided by the feature lead intended to guide the discussion, with very limited discussion on scenario 4 and scenario 7 before Friday. On Friday, there was further discussion on scenario 6 and 7, with notes provided below, but no consensus was reached during the offline.

Scenario 1
Proposal:
For Scenario 1, whether/how a UE can process more than one PDSCH overlapping in time should be further discussed in the WI.
In case a UE cannot process both PDSCHs in Scenario 1, consider the following options for determining priority for the PDSCH processing at the UE:
· Option 1: Later DCI takes higher priority than the earlier DCI.
· Option 2: Priority for PDSCH processing is indicated via PDCCH carrying DL assignment explicitly or implicitly.
The same option should also be used for determining the priority for the PDSCH processing in case of out-of-order HARQ-ACK.

Proposed observation:
For scenario 1, it is not absolutely necessary to introduce L1 signaling to determine the priority. But if L1 signaling for priority needs to be introduced for other cases, it may be investigated whether it makes sense to use a common solution for these cases.
In case HARQ-ACK feedback needs to be provided for both PDSCHs in Scenario 1, enhancements are necessary for semi-static HARQ-ACK codebook determination.

Scenario 2
For scenario 2, it is expected that the collision between configured grant and dynamic grant can happen in physical layer regardless of whether/how prioritization is done at MAC layer.

Scenario 3
For scenario 3, prioritization is necessary between the conflicting dynamic PUSCHs. Options to prioritize include:
· Later UL grant takes priority over the earlier UL grant.
· Priority is indicated via PDCCH carrying UL grant explicitly or implicitly.
· The DCI indicates the SR ID in which the UL grant is targeting and the UE multiplexes data from LCIDs corresponding to the indicated SR ID, which would provide the priority of the PUSCH. (Sony[14])
· PUSCH with shorter duration has higher priority (Sony[14])
· Prioritization is based on the priority of the corresponding traffic type. (Samsung[15])
PUSCH priority determination for out-of-order scheduling for PUSCH should be handled in the same way.
The detailed handling of lower priority PUSCH (e.g. to drop, to stop, or to puncture) should be discussed further.

Scenario 4
This scenario should cover the prioritization and multiplexing behavior between URLLC HARQ-ACK/SR/CSI and eMBB HARQ-ACK/SR/CSI.

UCI on PUCCH
Proposal:
· At least two priority levels are defined for HARQ-ACK to determine the multiplexing/prioritization of UCI in physical layer. 
· The priority level is indicated via PDCCH carrying DL assignment explicitly or implicitly.
· FFS whether the same indication is used for HARQ-ACK codebook generation
· Two priority levels are defined for SR to determine the multiplexing/prioritization of UCI and PUSCH in physical layer. Consider the following options for determining the priority for SR:
· Option 1: Use pre-defined rules based on the SR periodicity and/or duration.
· Option 2: MAC passes down the SR priority to PHY.
· E.g. use the priority of the LCH configuration associated with SR
· Detailed prioritization/multiplexing rules can be defined in the WI phase.

Discussion on the above proposal:
Some companies did not agree that priority would need to be indicated. For example, for eMBB HARQ-ACK vs URLLC HARQ-ACK, the following can also be considered:
· Timing-based approach, i.e., the later one takes higher priority
· With two HARQ-ACK codebooks, the priority can be determined based on payload size.

Scenario 5
Proposal:
· For the handling of scenario 2, 3 and 5, two priority levels are defined for PUSCH in physical layer for prioritization/multiplexing purpose. 
· For scenario 2 and 5, consider the following options for determining the priority for PUSCH:
· Option 1:
· For dynamic PUSCH, priority is indicated via PDCCH carrying UL grant explicitly or implicitly.
· For configured grant, priority is configured as part of configured grant configuration.
· Option 2: MAC delivers the priority to PHY for the purpose of PHY prioritization.
· E.g. priority is determined based on the priority of the data carried over the configured grant and dynamic grant.
· For scenario 3, consider the following options for determining the priority for PUSCH:
· Option 1: the later UL grant takes higher priority.
· Option 2: use the same option as scenarios 2 and 5.

Priority indication
Proposal:
In case the priority is indicated via PDCCH carrying DL assignement/UL grant explicitly or implicitly, consider the following options to differentiate different priorities:
· Different DCI formats or different DCI format sizes
· Different RNTIs
· Different UE-specific search spaces
· Explicit field in DCI

Detailed prioritization/multiplexing rules can be defined in the WI phase.

Scenario 6
If prioritization of URLLC over eMBB in power allocation in power-limited case is to be supported, PUSCH priority needs to be defined. The same priority determination mechanism as for Scenario 2 and 5 can be used.

Proposal:
RAN1 recommends to support power control enhancements in case of CA-based concurrent transmission with power limitation in scenario 6 in Rel-16.

Yes: HW/HiSi, QC, ZTE (4)
No: Intel, Nokia/NSB, MTK, Ericsson, Samsung (6)

Scenario 7
The power control enhancements being considered include:
· Different sets of power control parameters, with one of them being dynamically indicated for dynamic PUSCH, or semi-statically configured for each configured grant PUSCH
· Enlarged TPC range

Proposal:
RAN1 recommends to support power control enhancements for scenario 7 in Rel-16.
Yes: HW/HiSi, vivo, Sony, Nokia/NSB, Ericsson, ZTE, LGE (9)
No: Intel, MTK (2)

Proposed observation for scenario 7:
· The power control enhancements schemes proposed for scenario 7 are the same as the schemes proposed for inter-UE UL multiplexing.
· The power control enhancements in the WI should consider both inter-UE and intra-UE cases.

Multiple active configured grant
Do we need to define the priority rules for conflicting configured grants?
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Appendix A: Excerpt from RAN2 LS R1-1900003
	RAN2 has discussed and identified a few targeted Intra-UE prioritization/multiplexing scenarios for further study. It is RAN2 understanding that RAN1 should be involved in the study of all these scenarios, since the mechanisms such as pre-emption and the relevant UE behavior should be examined by RAN1. The five prioritized scenarios include the following:

· [bookmark: _Hlk536096206]Scenario 1: Intra-UE DL Prioritization
This scenario considers a case where a UE has sequentially received two DL assignments with overlapping radio resources in time. RAN2 assumes that by the later DL assignment has priority over the earlier DL assignment, considering that in principle the gNB will only give an assignment that overlaps with previous assignment for higher priority traffic. Based on such assumption, RAN1 should study solutions for prioritizing later received DL assignments.
 
· Scenario 2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
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.

· Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
This scenario considers a case where the resources of uplink control transmission overlaps in time with other uplink control transmission relating to another, higher priority traffic. It is RAN2 understanding that this scenario should be mainly studied by RAN1, but RAN2 should be involved for analyzing the cases relating to uplink control transmission relating to SR. 

· Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
This scenario considers a case where the resources of uplink control transmission overlaps in time with uplink data transmission relating to another traffic with either higher or lower priority. It is RAN2 understanding that this scenario should be mainly studied by RAN1, but RAN2 should be involved for analyzing the cases relating to uplink control transmission relating to SR. 

Based on the scenarios identified above, RAN2 would like to request RAN1 to study solutions for the scenarios mentioned above. 

In addition, there was some support in RAN2 to study the following two scenarios:
· Scenario 6: Intra-UE UL Prioritization – CA-based Concurrent Transmission with Power Limitation
In cases wherein mixed traffic with different priorities / reliability requirements 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.
· Scenario 7: Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities
The UE may need to dynamically change its power control loop to ensure the transmission related to high priority data.
 
In RAN2’s understanding, both of these two additional scenarios have only impacts to RAN1.




Appendix B: Proposals from contributions
[3]	R1-1901601	Physical Layer Enhancements for Intra-UE Prioritization and Multiplexing	Ericsson
	Observation 1	For data-data prioritization scenarios UE should have “out-of-order” HARQ capability.
Observation 2	In NR Rel-15 specification a dynamic grant has priority over configured grant which can be unacceptable if critical data scheduled by CG is dropped.

Proposal 1	For Scenario 1, RAN1 needs to decide if and how a UE processes two overlapping PDSCH in a slot.
Proposal 2	Study transmission profile signalling on DCI for supporting intra-UE prioritization.
Proposal 3	In case of dynamic grant versus dynamic grant prioritization, UE assumes a later received UL grant has a higher priority than an earlier grant.

Proposal 4	In case of intra-UE prioritization, the UE may follow the later received grant and drop the previously scheduled PUSCH if S0 (the earliest symbol of the overlapping PUSCHs) is not before a symbol with CP starting  after the last symbol of the PDCCHs scheduling the PUSCHs (as specified in Section 6.4 of TS 38.214). Otherwise, the UE ignores the later grant as per Rel-15 operation.
Proposal 5	For Scenario 3, RAN1 should study the possibility of explicit/implicit signalling for grants prioritization.
Proposal 6	Discuss intra-UE UCI prioritization aspects (Scenario 4 and 5) in scope of UCI enhancement under eURLLC study item.
Proposal 7	RAN1 discuss and decide on the scope of Rel-16 investigation for intra-UE prioritization/multiplexing.



[4]	R1-1902422	Discussions on intra-UE multiplexing	OPPO
	Proposal 1: Among the 7 UL/DL Intra-UE Prioritization/Multiplexing scenarios,
· Scenario 4 and 5 are treated with the highest priority and target to be completed in R16.
· Scenario 1, 2 and 3 are treated with the second priority. Whether to be completed in R16 depends on the eURLLC SI/WI TUs.
· Scenario 6 and 7 are treated in future releases.
Proposal 2: When SR triggered by URLLC collides with long PUCCH, only SR is transmitted if SR is positive or both SR and long PUCCH are transmitted simultaneously.
Proposal 3: HARQ-ACK corresponding to URLLC and eMBB should be independently transmitted, and HARQ-ACK corresponding to URLLC has higher priority.
Proposal 4: At most 2 HARQ-ACK codebooks can be simultaneously constructed. Multiple HARQ-ACK codebooks for URLLC can be constructed in one slot by TDM manner.
Proposal 5: In one slot, at most one PUCCH is used to transmit eMBB HARQ-ACK.
Proposal 6: When SR triggered by URLLC collides with long PUSCH, only SR is transmitted if SR is positive or both SR and long PUSCH are transmitted simultaneously.
Proposal 7: Enhancements to solve the collision of PUCCH for eMBB HARQ-ACK and URLLC PUSCH should be supported.
Proposal 8: PUSCH should be punctured by HARQ-ACK bits corresponding to URLLC.
Proposal 9: For DL prioritization, decoding capability, HARQ-ACK codebook and preemption signaling should be considered.
Proposal 10: Grant-based transmission does not always prioritize grant-free transmission and it’s better to choose resource according to traffic requirement and resource configuration.
Proposal 11: Resource scheduled by latest UL grant is higher priority.




[5]	R1-1902424	On eMBB and URLLC data differentiation	OPPO
	Proposal 1: Study further on how to support differentiation of eMBB DL and URLLC DL in PHY layer.
Proposal 2: In case of overlapping in time within a slot between eMBB PDSCH and URLLC PDSCH,
· For UE supporting simultaneous eMBB PDSCH and URLLC PDSCH reception, UE decodes both eMBB PDSCH and URLLC PDSCH.
· For UE NOT supporting simultaneous eMBB PDSCH and URLLC PDSCH reception, UE decodes URLLC PDSCH and cancels decoding eMBB PDSCH. 
Proposal 3: Further enhancement for HARQ-ACK codebook determination for UE supporting simultaneous eMBB PDSCH and URLLC PDSCH reception can be considered.



[6]	R1-1901698	UL intra UE Tx prioritization for URLLC	vivo
	Observation 1: Although LCP in MAC layer can be used for priority determination, it may be difficult for MAC layer to determine which PHY resource to be used
Proposal 1: The following intra UE PUSCH prioritizations are suggested:
· Case 1: grant-based PUSCH vs. grant free PUSCH with the same service type
· Follow existing prioritization mechanism, i.e. dynamic grant PUSCH is prioritized over grant free PUSCH
· Case 2: eMBB grant-free PUSCH vs. URLLC grant based PUSCH
· Follow existing prioritization mechanism, i.e. dynamic grant PUSCH is prioritized over grant free PUSCH 
· Case 3: URLLC grant-free PUSCH vs. eMBB grant based PUSCH
· URLLC grant-free PUSCH is prioritized over eMBB grant based PUSCH, where eMBB PUSCH is dropped entirely or partially.
Proposal 2: When grant based PUSCH for URLLC is overlapping in time with grant based PUSCH for eMBB:
· Gant based PUSCH for URLLC is prioritized over grant based PUSCH for eMBB, where eMBB PUSCH is dropped entirely or partially.
Proposal 3: Service type differentiation should be supported in physical layer, such as by DCI format or RNTI.
Proposal 4: The following priority determination can be as starting point.
When PUCCH with URLLC HARQ-ACK/SR is overlapping in time with eMBB PUCCH, 
· In the case of no multiplexing, URLLC PUCCH with HARQ-ACK/SR is transmitted and eMBB PUCCH is dropped. 
· FFS: multiplexing between eMBB HARQ-ACK/SR and URLLC HARQ-ACK/SR
· FFS: the prioritization between URLLC specific CSI and eMBB UCI
Proposal 5: The priority determination based on the configuration of SR is suggested, for example, by the number of symbols or periodicity of control channel.
Proposal 6: When URLLC PUSCH is overlapping in time with eMBB PUCCH, 
· URLLC PUSCH is transmitted and eMBB PUCCH is dropped entirely or partially.
· FFS :eMBB UCI piggyback on URLLC PUSCH 
When URLLC PUCCH is overlapping in time with eMBB PUSCH,
· URLLC PUCCH is transmitted and eMBB PUSCH is dropped entirely or partially.



[7]	R1-1901699	DL intra UE Tx prioritization for URLLC	vivo
	Proposal 1: Study further on how to support differentiation of eMBB DL and URLLC DL in PHY layer.
Proposal 2: For a UE supporting both eMBB and URLLC traffic, out-of-order scheduling is supported.
· For any two HARQ process IDs A and B for a given cell, UE can be scheduled that a URLLC PDSCH is before an eMBB PDSCH, where the scheduling DCI for the eMBB PDSCH transmission comes before the scheduling DCI for the URLLC PDSCH transmission.
Proposal 3: In case of overlapping in time within a slot between eMBB PDSCH and URLLC PDSCH,
· For UE supporting simultaneous eMBB PDSCH and URLLC PDSCH reception, UE decodes both eMBB PDSCH and URLLC PDSCH.
· For UE NOT supporting simultaneous eMBB PDSCH and URLLC PDSCH reception, UE decodes URLLC PDSCH and cancels decoding eMBB PDSCH. 
Proposal 4: Further enhancement for HARQ-ACK codebook determination for UE supporting simultaneous eMBB PDSCH and URLLC PDSCH reception can be considered.




[8]	R1-1901700	Power control enhancements for UL intra-UE multiplexing	vivo
	[bookmark: OLE_LINK7][bookmark: OLE_LINK6]Proposal 1:
· One of the following alternatives can be supported for P0/alpha(j), pathloss reference(q_d) and close loop process(l) indication,
· Alt1: UE determines UL power control parameters based on the service type (determine by LCP procedure logical channel priority) that is carried on the PUSCH.
· RRC configured the linkage between logical channel and power control parameter set
· Alt2: UE determines UL power control parameters based on transmission format (e.g. transmission duration) for the PUSCH.
· RRC configured the linkage between transmission format and power control parameter set.
· Alt3: UE determines UL power control parameters based on explicit indication in UL grant for PUSCH.
· RRC configured the linkage between explicit indication states and power control parameter set.
Proposal 2:
· In the case of PUCCH-Spatial-relation-info is not configured, one of the following alternatives can be supported for P0(q_u), pathloss reference(q_d) and close loop process(l) indication,
· Alt1: UE determines UL power control parameters based on the service type/logical channel which the UCI carried on the PUCCH is associated with.
· RRC configured the linkage between logical channel and power control parameter set.
· Alt2: UE determines UL power control parameters based on transmission format for the PUCCH.
· RRC configured the linkage between transmission format and power control parameter set.
· Alt3: UE determines UL power control parameters based on explicit indication in DL grant for PUCCH.
· RRC configured the linkage between explicit indication states and power control parameter set.



[9]	R1-1901774	Discussion on intra-UE multiplexing	ZTE
	[bookmark: OLE_LINK1]Proposal 1: Differentiation between eMBB and URLLC in the physical layer is supported in NR Rel-16, however, it is not preferable that a certain DCI format is used for differentiation.
Proposal 2: Intra-UE DL multiplexing should be supported in order to transmit URLLC in time. An enhancement of semi-static HARQ-ACK codebook should be considered in NR Rel-16 to avoid dropping of HARQ-ACKs.
Proposal 3: For resource conflict between configured grant and dynamic grant, RAN1 should consider the mechanism of transmitting low-priority data as much as possible without affecting high priority data transmissions.
Proposal 4: For resource conflict between dynamic grants, RAN1 should consider the mechanism of transmitting low-priority data as much as possible without affecting high priority data transmissions.
Proposal 5: For resource conflict between control channel and control channel, RAN1 should consider the mechanism of transmitting low-priority PUCCH as much as possible without affecting high priority PUCCH transmissions.
Proposal 6: RAN1 should study the solution for Resource Conflict between UL Control Channel and UL Data Channel.
Proposal 7: Prioritize URLLC uplink channels and signals for transmission power scaling in case of power limitation.  Power sharing among multiple carriers with look-ahead operation is supported
Proposal 8: Support separate power control loops for different traffics with different priorities..



[10]	R1-1901828	Intra-UE multiplexing and prioritization between mixed traffic priorities	MediaTek Inc.
	Proposal 1: Hardware and algorithmic complexity of potential prioritization means should be evaluated. These means could involve:
· Aborting a transmission
· Aborting and delaying a transmission
· Puncturing one (or more) OFDM symbol(s) of PUCCH/PUSCH by URLLC PUCCH
Observation 1: For the purpose of spectral efficiency analysis the traffic can be assumed either sparse or deterministic.
Observation 2: The spectral efficiency impact of prioritization is generally low, as conflicts mostly occur with sporadic URLLC traffic, or with URLLC retransmissions. 
Proposal 2: As the gNB aware of the DL traffics’ priorities, RAN1 should adopt simple rule for intra-UE DL prioritization, where the later scheduling DCI always override the previous one.
Proposal 3: Prioritization rules between dynamic grant and configured-grant should be defined by RAN2.
Proposal 4: As the gNB aware of the DL traffics’ priorities, RAN1 should adopt simple rule for intra-UE UL prioritization between dynamic grants, where the later scheduling DCI always override the previous one.
Observation 3: indication of HARQ priority level would be necessary to allow de-prioritization of already scheduled eMBB PUCCH when needed to meet URLLC requirements
Observation 4: Dropping eMBB PUCCH carrying a HARQ codebook may trigger multiple superfluous retransmissions of DL data.
Proposal 5: RAN2 should study the enhancements required for MAC layer to indicate a binary priority level along with each SR request to L1.   
Observation 5: There is no drawback in dropping eMBB SR when it conflicts with URLLC HARQ
Proposal 6: RAN2 should analyse whether L1 needs to report to MAC when SR is dropped.
Observation 6: URLLC SR would need to have priority over other PUCCH in order not to risk URLLC requirements.
Observation 7: P/SP CSI is used to optimize scheduling for better spectral efficiency. URLLC reliability is not dependent on it.
Observation 8: The safe solution is to deprioritize P/SP-CSI when it conflicts with URLLC SR or URLLC HARQ.
Proposal 7: Overlap between URLLC PUSCH and URLLC PUCCH should be studied, as well, as part of scenario #5.    



[11]	R1-1901917	On intra-UE DL/UL prioritization for NR URLLC	Nokia, Nokia Shanghai Bell
	Proposal 1: If configured for the Rel-16 UE, the later DL assignment has higher priority than the earlier DL assignment in case a UE receives two DL assignments that indicate PDSCH resource allocations overlapping in time.
Observation 1: Intra-UE DL prioritization handling depends on the UE capability of simultaneous multiple PDSCH reception and whether resources overlap in frequency. How to handle the impacted DL low priority data packet needs further study in WI.
Observation 2: The current rule of always prioritizing dynamic grant over configured grant may often lead to higher priority traffic being down-prioritized or handled inefficiently.
Observation 3: The priority between dynamic grant and configured grant should be flexible and the priority decision should be dependent on e.g. traffic priority, logical channel mapping rule and so on.
Observation 4: During WI phase, RAN1 should further investigate how to handle the impacted low priority PUSCH in case the low priority PUSCH transmission has to be stopped during an ongoing transmission.
Proposal 2: If configured for the Rel-16 UE, the later UL grant has higher priority than the earlier UL grant in case a UE receives two UL grants that indicate PUSCH resource allocations overlapping in time.
Observation 5: Similar as for Scenario 2, RAN1 should study further how to handle the impacted low priority PUSCH in case the low priority PUSCH transmission has to be stopped during an ongoing transmission.
Proposal 3: HARQ-ACK priority (e.g. high or low priority) for a PDSCH can be indicated explicitly via a DCI field in DL assignment.

Proposal 4: SR priority (e.g. high or low priority) should be defined. Exact details are left to WI, which should also take into account RAN2 decision.
Proposal 5: PUSCH priority (e.g. high or low priority) should be defined. Exact details are left to WI, which should also take into account RAN2 decision.
Proposal 6: For the multiplexing and prioritization among UCI and PUSCH, use the following rules as the starting point:
· High priority HARQ-ACK and high priority SR can be multiplexed on the same PUCCH.
· Periodic CSI is not multiplexed with high priority HARQ-ACK/SR on a PUCCH.
· In case of prioritization, priority rule for the UCI is defined as: high priority HARQ-ACK/SR > regular HARQ-ACK/SR > P-CSI.
· High priority HARQ-ACK/SR can be multiplexed on high priority PUSCH.
Observation 6: Scenario 6 is not a critical scenario to address in Rel-16. There are implementation-based approaches for the gNB that can ensure proper URLLC performance in power-limited case.
Proposal 7: Enhancements for scenario 6 is not introduced due to this SI.
Observation 7: Additional power control enhancements for PUCCH and PUSCH can be beneficial to support different requirements of different traffic types.
Proposal 8: Potential power control enhancements for different traffic types, especially multiple sets of power control parameters, are considered further.


[12]	R1-1902008	Discussion on intra-UE multiplexing scenarios	CATT
	· Observation: prioritization between an UL DG and an UL CG needs to take into account both latency and reliability as characterized by the PUSCH duration and the target code rate.
· Observation: for resource conflict between control channels, the SR-SR case is already supported in Rel-15
· Observation: Rel-15 UL power control framework provides the necessary tools to support different power control loops for URLLC and non-URLLC PUSCH. 

· Proposal 1: consider differentiation of dynamically scheduled traffic based on different RNTIs or different USS sets taking into account scalability of the solution to more than two traffic types.
· Proposal 2: in case of a collision between a high priority PDSCH and a low priority PDSCH and the UE does not support simultaneous processing of two PDSCHs, processing of the lower priority PDSCH is either cancelled or delayed depending on the scheduled HARQ-ACK timing.
· Proposal 3: prioritization between a dynamic UL grant and a configured UL grant is primarily handled by the MAC layer.
· Proposal 4: in case of UE-autonomous prioritization, study solutions to ensure reliable detection of the transmitted PUSCH when a dynamic PUSCH collides with a configured PUSCH.
· Proposal 5: for a resource conflict between dynamic UL grants the UE follows the latest received PDCCH.
· Proposal 6: for resource conflict between HARQ-ACK and HARQ-ACK study multiplexing mechanisms as part of the URLLC SI or in the follow-on WI. 
· Proposal 7: study prioritization mechanisms for SR corresponding to high priority data overlapping with a lower priority multi-slot PUSCH.
· Proposal 8: for UL transmissions on multiple serving cells prioritize TX power for HARQ-ACK/SR corresponding to high priority data over other PUSCH, PUCCH or SRS transmissions.



[13]	R1-1902051	Intra-UE prioritization for NR URLLC	LG Electronics
	Proposal 1: If a UE has sequentially received two DL assignments with overlapping PDSCH resources in time, 
· The UE shall decode/process both PDSCHs if the UE is capable of simultaneous reception for two PDSCHs.
· The later DL assignment has higher priority than the earlier DL assignment if the UE is not capable of simultaneous reception for two PDSCHs. In this case, the UE is not required to decode/process PDSCH scheduled by the earlier DL assignment. 
Proposal 2: If a UE has received two UL grants with overlapping PDSCH resources in time, the later UL grant has higher priority than the earlier UL grant. 
Proposal 3: Service/traffic type differentiation in PHY layer can be supported for PUCCH/PUCCH collision with different service/traffic types, and further investigation on whether/how to multiplex PUCCHs with different service/traffic types is needed.
Proposal 4: Collision handling of URLLC SR and eMBB PUCCH needs to be further investigated.
Proposal 5: Service/traffic type differentiation in PHY layer can be supported for PUCCH/PUSCH collision with different service/traffic types, and further investigation on whether/how to multiplex PUCCH and PUSCH with different service/traffic types is needed.
Proposal 6: Priority of service/traffic type can be taken into account for power allocation of CA based concurrent transmission with power limitation. 
Proposal 7: Further investigation on whether/how to support power control per service/traffic type is needed.



[14]	R1-1902182	Considerations on UL Intra-UE Tx Multiplexing	Sony
	Observation 1: It is sensible to prioritize a PUSCH carrying data from higher priority LCID over a PUSCH carrying data from lower priority LCID.  However, such prioritization is not possible in Rel-15 since the physical layer is not aware of the LCID carried in a PUSCH.
Observation 2: In Rel-15, an UL grant is scheduled for the UE rather than for specific LCIDs of the UE and it is up to the UE to multiplex data from different LCID into the scheduled PUSCH.  Hence, the gNB is not aware of the priority of a dynamically scheduled PUSCH.
Proposal 1: For the scenario where two PDSCHs scheduled to the same UE overlap in time, if the UE is capable of decoding multiple PDSCHs simultaneously, then the UE decodes these PDSCHs.
Proposal 2: For the scenario where two PDSCHs scheduled to the same UE overlap in time, the PDSCH scheduled by the later grant has priority over that scheduled by the earlier grant.
Proposal 3: For the scenario where two PDSCHs scheduled to the same UE overlap in time and the UE is NOT capable of decoding both PDSCHs, at least the overlapping part of the PDSCH with the lower priority is dropped.
[bookmark: _Hlk2102886]Proposal 4: For LCID associated with URLLC traffic, the MAC provides a priority indication to the physical layer if a TB contains traffic from this LCID.  A TB passed down from MAC without any indication has lower priority than one with this priority indication.
Proposal 5: If the data is available for the colliding configured grant PUSCH and dynamic grant PUSCH prior to constructing the TB of the earliest PUSCH, the UE multiplexes the URLLC traffic into the dynamic grant PUSCH using the low spectral efficiency MCS if the TBS is sufficient to carry the URLLC traffic.  Otherwise if either data is not available prior to constructing the TB of the earliest PUSCH, the UE drops the lower priority PUSCH and transmits the higher priority PUSCH.
Proposal 6: The DCI indicates the SR ID in which the UL grant is targeting and the UE multiplexes data from LCIDs corresponding to the indicated SR ID, which would provide the priority of the PUSCH.
Proposal 7: A dynamic grant PUSCH that has a shorter duration (in time) has higher priority than a dynamic grant PUSCH with a longer duration.
Proposal 8: If the priority of two colliding PUSCH are the same or they are not indicated in the DCI or cannot be implicitly determined, then the PUSCH scheduled by the later grant has higher priority than the PUSCH scheduled by the earlier grant.
Proposal 9: The higher priority PUSCH pre-empts the lower priority PUSCH, i.e. the UE drops the lower priority PUSCH and transmits the higher priority PUSCH.
Proposal 10: For two colliding UCI within the same UE:
· UCI carrying SR and/or HARQ-ACK for URLLC traffic has higher priority than UCI carrying SR and/or HARQ-ACK for eMBB (i.e. non-URLLC traffic)
· UCI carrying SR URLLC colliding with UCI carrying HARQ-ACK for URLLC are multiplexed in a PUCCH
· UCI carrying HARQ-ACK for URLLC colliding with UCI carrying HARQ-ACK for URLLC are multiplexed in a PUCCH, even if these URLLCs have different priorities
· UCI carrying CSI has the lowest priority

Proposal 11: When PUCCH collides with PUSCH in the same UE
· If the PUSCH carries URLLC traffic, UCI carrying SR and/or HARQ-ACK are multiplexed into the PUSCH
· If the PUSCH carries URLLC traffic, UCI carrying CSI has lower priority and is dropped
· If the PUSCH carries eMBB traffic, UCI carrying HARQ-ACK for URLLC has higher priority 
· If the PUSCH carries eMBB traffic, and the UCI carries SR for URLLC then:
· If the PUSCH TBS is sufficient to carry the URLLC traffic in the UE’s buffer and there is sufficient time for the UE to construct a TB, then transmit the PUSCH with URLLC traffic
· Otherwise, the UCI carrying SR for URLLC has higher priority 
Proposal 12: When power is limited in a concurrent UL transmission in multiple carriers, the carrier carrying the higher priority UL transmission is allocated the full required power.  Remaining power is distributed to the lower priority carriers.
Proposal 13: A UE configured with services with different priority such as eMBB and URLLC, two power control parameters are configured, one for each service and the DCI indicates which power control parameter to use.
Proposal 14: When the TBs of two colliding PUSCH are not processed, the traffic from these TBs are combined into a single TB and:
· Transmitted using the configured grant with the lowest MCS; and
· When resources are contiguous, transmitted using combined frequency resources of both configured grants

Proposal 15: When at least one of the TBs of the colliding PUSCHs is already processed, the lower priority PUSCH is dropped and the higher priority PUSCH is transmitted.
Proposal 16: If two PUSCH repetitions using different configured grants collide, the later PUSCH has priority over the earlier PUSCH.  The UE cancels the remaining repetition of the earlier PUSCH and transmits the later PUSCH.




[15]	R1-1902302	Discussion on intra-UE multiplexing	Samsung
	Proposal 1: Consider both explicit and implicit approaches in prioritizing overlapping traffic types for a UE supporting multiple traffic types.
Proposal 2: Consider UE capability for simultaneous PDSCH receptions in intra-UE DL prioritization. For a UE not capable of simultaneous unicast PDSCH receptions on a same DL BWP, prioritize PDSCH reception scheduling by later DL assignment.
Proposal 3: Intra-UE UL prioritization among transmissions associated with configured and dynamic grants is up to UE implementation.
Proposal 4: Intra-UE UL prioritization among transmissions associated with dynamic grants is based on the priority of the corresponding traffic type 
Proposal 5: Consider whether and, if so, how to prioritize SR transmission over HARQ-ACK transmission.
Proposal 6: No need to consider scenario 6 and 7 (power control related scenarios) in RAN1 perspective.
Proposal 7: Consider support of multiple simultaneous PDSCH receptions or PUSCH transmissions, PUSCH and PUCCH, and NC-JT operation in the discussions for prioritization of overlapping transmissions/receptions.



[16]	R1-1902337	Discussion on intra-UE multiplexing	CMCC
	Proposal 1: Later DL grant can override earlier DL grant if the UE is unable to decode the two PDSCHs simultaneously within the processing timeline.
Proposal 2: UE should prioritize the grant on which data of higher priority can be transmitted with consideration of LCP restrictions and required processing timeline.
Proposal 3: Later UL grant can override earlier UL grant if the UE is unable to decode the two PDSCHs simultaneously within the processing timeline.
Proposal 4: Enhancements should be further studied for UCIs multiplexing on PUCCH to guarantee the latency of URLLC UCI. 
Proposal 5: Multiple sets of parameters related to UCI-OnPUSCH (e.g. UCI-OnPUSCH enabled or not, scaling, beta offsets and so on) are configured by RRC signaling and UE can select one parameter set according to the type of PUSCH and/or UCI.
Proposal 6: UE can distinguish type of PUSCH and UCI based on the RNTI used to scramble the DCI scheduling PUSCH and PDSCH. Alternatively, different DCI formats can also be an option.



[17]	R1-1902398	Discussion on intra-UE Tx prioritization/multiplexing	Panasonic Corporation
	Proposal 1: If UE cannot decode more than one PDSCH overlapping in time on a carrier, the later DL assignment takes priority over the earlier DL assignment. FFS the handling of the previously scheduled PDSCH.
Proposal 2: In case a PUSCH transmission scheduled by a later received UL grant overlaps in time with an PUSCH transmission scheduled by an earlier received UL grant, the later UL grant takes priority over the earlier UL grant. FFS the handling of the previously scheduled PUSCH.
Proposal 3: For enhancement on UCI multiplexing on PUSCH, following should be studied.
· For URLLC PUCCH overlapping eMBB PUSCH case
· Tx prioritization such as dropping or puncturing eMBB PUSCH
· Enhancement of beta-offset values including specific value, which allows for dropping eMBB PUSCH
· For eMBB PUCCH overlapping URLLC PUSCH case
· Tx prioritization such as dropping or puncturing eMBB PUCCH
· Enhancement of beta-offset values including specific value, which allows for dropping eMBB UCI



[18]	R1-1902442	Views on intra-UE DL prioritization for URLLC	ETRI
	Observation 1: For multiplexing of two dynamic grant-based PDSCHs, the priority can be delivered to UE by scheduling timing, payload size or RNTI of scheduling DCI.
Observation 2: For multiplexing of two dynamic grant-based PDSCHs (and dynamic grant-based PUSCHs), explicit L1 indication of the priority is a more future-proof design than the scheduling timing-based prioritization.
Observation 3: Within a UE, dynamic grant PDSCH (for eMBB) and CORESET (for URLLC) can dynamically share the time-frequency resource by overlapping the two resources.
Observation 4: Collision of multiple PDCCHs can happen by PDCCH false alarm. There seems no urgent need of treating this case.

Proposal 1: Study the following case as an additional DL intra-UE multiplexing scenario: collision between a dynamic grant-based PDSCH and a PDCCH candidate.
Proposal 2: To clarify in the specification that UE performs BD of a PDCCH candidate which is overlapped with a scheduled PDSCH. 



[19]	R1-1902499	On enhancements to intra-UE multiplexing for IIoT	Intel Corporation
	Proposal 1: If parallel PDSCHs, if not overlapping in frequency, processing is supported, RAN1 needs to specify what is the maximum number of parallel PDSCHs UE would expect.
Observation 1: PHY layer service differentiation is not necessary for DL intra-UE prioritization. 
Proposal 2: Prioritization of a DL PDSCH can be identified based on relative timing of the scheduled PDSCHs.
Proposal 3: Rel 16 supports configuring a UE such that resource for configured grant can be prioritized for transmission if it overlaps with other grant-based PUSCH resource.
· This can be considered when LCP cannot resolve identification of resource
Observation 2: PHY layer service differentiation is not necessary for UL intra-UE prioritization between two dynamically scheduled PUSCH. 
Proposal 4: NR supports a prioritization rule where later received UL grant can override an earlier UL grant if their scheduled resources for the PUSCH transmissions overlap in time.
Observation 3: Explicit L1 indication for prioritization of one UCI type over the other may not be necessary. 
Proposal 5: 
· SR configuration can be exploited to identify when to prioritize SR if its resource overlaps of eMBB HARQ-ACK and/or CSI.
· URLLC HARQ-ACK and eMBB HARQ-ACK can be multiplexed in case of resource overlap. 
· If reliability of the multiplexed HARQ-ACK is of concern, HARQ-ACK corresponding to the last DL grant is prioritized
Observation 4: Existing multiplexing and prioritization rules may be sufficient for control and data channel overlaps in time domain for most cases. 

Proposal 7: 
· In case of conflict between URLLC SR and PUSCH, SR configuration can be exploited for prioritization.
· Higher layer configuration of configured grant transmission can be used to prioritize PUSCH and drop overlapping HARQ-ACK or CSI report.



[20]	R1-1902612	Intra-UE Prioritization / Multiplexing for Scenarios 2-5 	InterDigital, Inc.
	Observation 1: 	Predictable UE prioritization for collisions for scenarios 2-5 is required to properly support URLLC target requirements.
Observation 2: 	Predictable UE prioritization requires unambiguous handling of scheduling information, e.g., irrespective of the timing of reception of the concerned DCIs for scenarios 2-3.
Observation 3: 	UE requirements should include minimum processing time for the layer where prioritization is performed, in case of collisions between data and data, data and control or control and control transmissions.
Proposal 1: 	Solutions studied for scenarios 2-5 should take UE processing time in account.
Proposal 2: 	Different UE behaviour should be studied depending on if the UE has sufficient processing time to handle the collisions for scenarios 2-5.
Proposal 3: 	The PHY layer should support means to determine whether a grant (configured or dynamic) corresponds to transmissions of different reliability and/or latency characteristics when MAC delivers a new TB to the PHY layer in case of a collision according to scenario 2.
Proposal 4: 	The PHY layer should support handling of a collision according to scenarios 2 by performing the transmission that corresponds to the highest reliability and/or latency characteristics when MAC delivers a new TB to the PHY layer in case of a collision according to scenario 2.
Proposal 5: 	The PHY layer should support an indication in a configured grant and in a DCI, that indicates a level of reliability and/or latency for the corresponding transmission.



[21]	R1-1902613	L1/PHY Impacts for Intra-UE prioritization/multiplexing scenarios 6-7 	InterDigital, Inc.
	Proposal 1: Priority order for power allocation is a function of the reliability requirement associated with the transmission (e.g. URLLC or eMBB).
Proposal 2: For PUSCH scheduled by dynamic grant, the reliability requirement (e.g. URLLC or eMBB) of the PUSCH data is indicated from the scheduling PDCCH.
Proposal 3: For PUSCH scheduled by configured grant type 1, the reliability requirement (e.g. URLLC or eMBB) of the PUSCH data is configured by RRC.
Proposal 4: For HARQ-ACK, the reliability requirement (e.g. related to URLLC or eMBB) is indicated from the PDCCH that schedules the associated PDSCH.
Proposal 5: PUSCH transmission with URLLC data is prioritized over PUCCH or PUSCH transmission with eMBB HARQ-ACK and/or SR for power allocation.
Proposal 6: PUCCH or PUSCH transmission with HARQ-ACK and/or SR related to URLLC is prioritized over PUSCH transmission with URLLC data for power allocation.
Proposal 7: Support configuration of up to two sets of power control parameters e.g., to support eMBB and URLLC separately.
Proposal 8: Support dynamically scheduled transmission-specific set of power control parameters e.g. by indication from the scheduling PDCCH of the set applicable to the transmission.



[22]	R1-1902810	UL intra-UE transmission prioritization/multiplexing	NTT DOCOMO, INC.
	Proposal 1:
· For Scenario 1 of intra-UE DL Prioritization,
· If valid DL assignments are detected based on C-RNTI/MCS-C-RNTI/CS-RNTI in PDCCH for more than one PDSCHs in the same time instance for a given carrier, the UE should decode the PDSCH with later starting symbol.
· UE shall provide HARQ-ACK feedback for all of the PDSCHs.
· For intra-UE UL data Prioritization,
· If valid UL grants are detected based on C-RNTI/MCS-C-RNTI/CS-RNTI in PDCCH or configured grant for more than one PUSCHs in the same time instance for a given carrier, the UE should transmit the PUSCH with later starting symbol.
· In case of collision between a PUSCH with starting symbol #n and another PUSCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUSCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUSCH with starting symbol #n
· CSI on PUSCH with starting symbol #n is dropped
· FFS the UE shall not resume the dropped/stopped transmission
· FFS HARQ-ACK on the PUSCH with starting symbol #n is transmitted on the PUSCH with starting symbol #n+x
· For intra-UE UL control Prioritization,
· In case of collision between a PUCCH with starting symbol #n and another PUCCH with starting symbol #n+x where x>0 on a given carrier for a UE,
· The UE shall transmit the PUCCH with starting symbol #n+x
· The UE should attempt to drop/stop the whole/remaining transmission of PUCCH with starting symbol #n
· CSI on PUSCH with starting symbol #n is dropped
· FFS HARQ-ACK on the PUCCH with starting symbol #n is transmitted on the PUCCH with starting symbol #n+x
Proposal 2: 
· For Scenario 6 and Scenario 7, conclude whether possible introduction of additional priority rules between different service/traffic types (e.g., eMBB vs URLLC) are to be discussed in URLLC SI or MR DC and CA WI.
· Our slight preference is to work on it in MR DC and CA WI.



[23]	R1-1902839	Views on pre-emption for UL intra UE Tx multiplexing	Mitsubishi Electric Co.
	Proposal 1:
Regarding Scenario 3, for a UE supporting URLLC, if the UE receives a dynamic grant scheduling PUSCH which postpones transmission of PUSCH scheduled by an earlier received grant, the UE follows the later received grant and the previously scheduled PUSCH is dropped or transmission of the previously scheduled PUSCH is stopped
Proposal 2: 
Study how active BWP can be switched in the middle of eMBB transmission to transmit URLLC data in a different BWP


[24]	R1-1902876	UL intra-UE transmission prioritization and multiplexing for NR URLLC	WILUS Inc.
	· Proposal 1: RAN1 needs to further discuss how to specify collision handling between PUCCH/PUSCH and PUSCH with different reliability requirement considering minimizing impact of eMBB operation and minimizing scheduling delay.
· Proposal 2: 
· If a collision between PUCCH without HARQ-ACK and PUSCH with URLLC data scheduling is occurred, drop PUCCH.
· For the case of a collision between PUCCH with HARQ-ACK and PUSCH with URLLC, it seems beneficial to consider further options such as using shortened PUCCH format or piggybacking UCI on PUSCH with URLLC.
· Proposal 3: 
· The later UL grant overrides the earlier UL grant for the case of a collision between PUSCH without UCI and PUSCH with URLLC data scheduling
· For the case of a collision between PUSCH with UCI and PUSCH with URLLC data scheduling, it seems beneficial to consider further options that UCI corresponding eMBB data is shifted to UL-SCH RE(s) on PUSCH



[25]	R1-1903010	PHY-layer differentiation for Intra-UE multiplexing	Qualcomm Incorporated
	Proposal 1: For a Rel. 16 eURLLC UE supporting traffic types with different requirements, support a PHY-layer explicit differentiation to indicate the priority of different channels in both downlink and uplink.



[26]	R1-1903081	Intra-UE transmission prioritization and multiplexing	Huawei, HiSilicon
	Observation 1: When reception processing of URLLC and eMBB data occurs simultaneously at the UE side, the processing conflict cannot be solved by delaying the URLLC data.
Observation 2: When a UE is configured with GF URLLC traffic and grant based eMBB traffic, a semi-static prioritization of GF PUSCH over GB PUSCH would result in very poor eMBB resource utilization, or potentially even block the eMBB traffic.
Observation 3: When GB PUSCH and GF PUSCH overlap in time, the MAC layer would select only one PUSCH to process if the processing time permits,
· The GB PUSCH would be selected if URLLC data do not arrive or if duration of GB PUSCH is not larger than the duration of GF PUSCH.
Observation 4: When URLLC data arrive during the logical channel prioritization process or during the transmission of a GB PUSCH, UE should interrupt the GB PUSCH and transmit URLLC data on the earliest feasible GF PUSCH resource.
Observation 5: If grant selection function between GB PUSCH and GF PUSCH is not executed in the MAC layer process, the PHY layer shall support the selection process when collision occurs.

Proposal 1: For supporting the out-of-order PDSCH-to-HARQ and PDCCH-to-PDSCH between two HARQ processes on the active BWP of a given serving cell, based on URLLC & eMBB identification in physical layer, UE should drop the eMBB PDSCH or HARQ-ACK for eMBB.
Proposal 2: For Rel-16, URLLC traffic shall have higher priority than other traffic in the event of parallel reception processing.
Proposal 3: For Rel-16, if URLLC/eMBB identification is introduced in physical layer, then some DL PI enhancements can be considered.
Proposal 4: It is suggested for RAN2 to remove the prioritization of GB PUSCH over GF PUSCH in the MAC layer process for Rel-16 URLLC, based on which
· The grant selection for URLLC data transmission in the MAC layer by considering the data type, the processing time and characteristic of each grant, or
· Define the priority rule in the PHY layer when GB PUSCH and GF PUSCH are both activated and overlapped in time should be supported.
Proposal 5: The scheduling/HARQ scheduling enhancement for grant-based PUSCH should be considered in Rel-16 URLLC. The UE behavior would be defined as follow:
· For any two HARQ processes A and B for a given UE, if the scheduling DCI for eMBB PUSCH in HARQ process A comes before (in time) the scheduling DCI for URLLC PUSCH in HARQ process B, then for the Rel-16 UE capability
· UE can be scheduled such that URLLC PUSCH in HARQ process B is before the eMBB PUSCH in HARQ process A, and drop the eMBB PUSCH.
Proposal 6: For one PUCCH carrying eMBB UCI overlaps with another PUCCH carrying URLLC  UCI, these two UCIs should be multiplexed on one PUCCH if the timeline is satisfied and 
Proposal 7: Enhanced UCI mapping methods for URLLC UCI should be supported, e.g., only mapping on the first hop and/or enabling different beta-offset from eMBB UCI.
Proposal 8: Enhanced UCI piggyback method to prioritize URLLC data transmission should be supported, e.g., disabling UCI piggyback through indication in DCI and/or enabling smaller beta-offset.
Proposal 9: Enlarge the range of TPC command field in order to support a wider range of power adjustment when the BLER requirements change dynamically.
Proposal 10: RAN1 shall support at least one mechanism for differentiation of eMBB and URLLC services in the physical layer.


[27]	R1-1903082	DL intra-UE transmission prioritization and multiplexing	Huawei, HiSilicon
	Proposal 1: For supporting the out-of-order PDSCH-to-HARQ and PDCCH-to-PDSCH between two HARQ processes on the active BWP of a given serving cell, based on URLLC & eMBB identification in physical layer, UE should drop the eMBB PDSCH or HARQ-ACK for eMBB.
Observation 1: When reception processing of URLLC and eMBB data occurs simultaneously at the UE side, the processing conflict cannot be solved by delaying the URLLC data.
Proposal 2: For Rel-16, URLLC traffic shall have higher priority than other traffic in the event of parallel reception processing.
Proposal 3: For Rel-16, if URLLC/eMBB identification is introduced in physical layer, then some DL PI enhancements can be considered.


[28]	R1-1903083	Discussion on differentiation of eMBB and URLLC services	Huawei, HiSilicon
	Observation 1: For DL intra-UE multiplexing of eMBB and URLLC, it is necessary to identify URLLC traffic in order to protect its performance and to preserve it from being flushed out as a response to DL PI detection.
Observation 2: For UL intra-UE multiplexing, it is necessary to distinguish between eMBB and URLLC to guarantee the URLLC latency requirement.
Observation 3: Distinguishing between eMBB and URLLC services is necessary in order to enable enhanced UCI multiplexing and to guarantee that the different latency and reliability requirements are met.
Proposal 1: RAN1 shall support at least one mechanism for differentiation of eMBB and URLLC services in the physical layer.

Proposal 2: The following two aspects should be considered for differentiation of eMBB and URLLC services:
· A unified method for all cases should be considered
· Dynamic indication methods based on DCI shall be studied, including explicit and implicit solutions.



[29]	R1-1903157	On Intra-UE prioritization 	Convida Wireless
	Proposal 1: Consider support for PHY layer indication of priority level of a transmission.
Proposal 2: Consider introducing procedures to ensure that high priority transmission is not flushed during intra-UE PDSCH preemption.
Proposal 3: If more than two priority levels are supported by a UE, study how to indicate which priority data must be flushed.
Proposal 4: Study how to support higher priority UCI transmission on lower priority PUSCH.
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