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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
RAN2 has identified the following intra-UE multiplexing scenarios [1] in an LS:
· 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
· 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

This contribution provides some considerations on the intra-UE multiplexing scenarios identified by the LS from RAN2 [1].  In addition to this we also consider the scenario where PUSCH in multi-configured grants collide.  This is a revision (with updated proposals) from R1-1900376 [2].

2. Discussions
2.1 Scenario 1: Intra-UE DL Prioritization
In this scenario, the UE receives two DL grants, e.g. DCI#1 and DCI#2 as shown in Figure 1, scheduling two PDSCH, e.g. PDSCH#1 and PDSCH#2, where the resources occupied by these two PDSCHs overlaps.
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[bookmark: _Ref534734426]Figure 1: Intra-UE PDSCH collision
It was noted in the summary report on this topic [3] that we should consider whether the UE can process multiple PDSCHs that overlap in time.  It should also be appreciated that these PDSCHs can also overlap in frequency in addition to time.  For the case where UE can decode more than one PDSCH simultaneously, then no special prioritization handling is required since the UE will just decode these overlapping PDSCHs.  This can be a UE capability.
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.

RAN2 recommended that for the scenario where two PDSCHs overlaps, the PDSCH scheduled by the later grant, i.e. PDSCH#2 in Figure 1 has the priority.  The rationale is the gNB is aware of the priority of the PDSCHs and hence the later grant would act as an update to the previous grant.
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.

If the UE cannot decode multiple overlapping PDSCHs, the PDSCH with the lower priority is dropped or at least the overlapping portion of the lower priority PDSCH is dropped.  The gNB can reschedule the lower priority PDSCH before receiving a NACK from the UE. 
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.

2.2 Scenario 2: Intra-UE UL Prioritization: Configured vs Dynamic Grant
Rel-15 behavior of always prioritizing the dynamic grant over the configured grant is not suitable for URLLC since the UE may transmit URLLC over configured grant, which has lower latency.  It is sensible that the PUSCH that carries data from higher priority LCID should be prioritized over the PUSCH that carriers data from lower priority LCID.  However, in Rel-15, the physical layer is unaware of the LCIDs being carried in a PUSCH and hence such a prioritization cannot be done.
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.

One straightforward way is to allow the MAC layer to indicate to the physical layer the priority of the data being multiplexed into the TB.  This can be applicable only for some LCIDs, for example, the LCID can be configured to carry only URLLC data and so if data from this URLLC LCID is multiplexed into a TB, the MAC can provide an indication to the physical layer.  A TB without any indication can be treated as one with the lowest priority and those with an indication can be treated with higher priority.  The indication can also indicate different levels of priority if it is deemed necessary.
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.

[bookmark: _GoBack]The higher priority PUSCH would pre-empt the lower priority PUSCH.  However, if the UE is aware of this pre-emption prior to processing of the TB for either of these PUSCHs and their preparation times can be met, the UE should multiplex the URLLC traffic into the dynamic grant PUSCH.  Here, the URLLC traffic has priority over eMBB traffic during the Logical Channel Priotisation multiplexing operation and the UE uses the low spectral efficiency MCS table to provide the required reliability.  This is beneficial from a resource utilisation efficiency perspective especially when the dynamic grant has larger resources than the configured grant.  If the dynamic grant has smaller TBS than the configured grant and the URLLC was scheduled to use the configured grant, then the UE drops the dynamic grant and transmit the configured grant.  
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.

2.3 Scenario 3: Intra-UE UL Prioritization: Dynamic Grant vs Dynamic Grant
In Rel-15, the gNB schedules an UL grant for the UE rather than for a specific LCID and it is up to the UE to multiplex data from different LCID into the PUSCH.  Hence, unlike the PDSCH case, the gNB does not know the priority of a dynamically scheduled 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.

In order for the UE to be aware of the priority of a PUSCH, the gNB would need to be more specific when providing UL grants, that is, the gNB needs to tell the UE which LCID can be multiplexed into a dynamically granted PUSCH.  Here an explicit indicator in the DCI may be required, for example the DCI can target specific LCID or specific characteristic of a service.  For example the DCI can indicate which SR ID the UL grant is targeting and the UE would multiplex the data from LCIDs corresponding to this SR ID into the PUSCH which would also directly determine its priority.
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.

In Rel-15, each LCID is associated with a set of allowed Subcarrier Spacing (allowedSCS-List) and a maximum PUSCH duration (maxPUSCH-Duration).  The allowedSCS-List indicates the SCS of the scheduled PUSCH that the data in the LCID is allowed to be multiplexed into, for example if an LCID has an allowedSCS-List = {30kHz, 60kHz} and the scheduled PUSCH is on a BWP with SCS 60 kHz, the data from this LCID can be multiplexed into this PUSCH.  The maxPUSCH-Duration indicates the maximum duration of a scheduled PUSCH that the data from the LCID is allowed to multiplex into.  For example if the maxPUSCH-Duration = 0.5 ms and the PUSCH has a duration of 1 ms, then the data from this LCID is NOT allowed to be multiplexed into this PUSCH.  These two parameters can be used to implicitly indicate the priority of a PUSCH, that is a PUSCH that has shorter duration has priority over a PUSCH that has longer duration and this duration can take into account the SCS of the PUSCH, i.e. the duration is in ms rather than number of symbols.  This follows the rationale that a shorter PUSCH is for a lower latency service.
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.

If the priority of two colliding PUSCH is not known, e.g. the DCI did not provide any indication or has the same duration, then the PUSCH scheduled by the later grant has higher priority.
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.

When two dynamic grant PUSCH collides, the higher priority PUSCH pre-empts the lower priority PUSCH, that is the UE drops the PUSCH with the lower priority.
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.

2.4 Scenario 4: Intra-UE UL Prioritization: PUCCH vs PUCCH
In this scenario, UCIs carried by two PUCCHs collide in the same UE.  The priority of the PUCCH depends on the UCI being carried.  We consider two colliding UCI, namely UCI#1 and UCI#2 and the type of information each of them carry.  Table 1 summarises our proposal on the priority of these two UCIs based on the type of traffic they are carrying.  Here we assume that there can be more than one type of URLLC traffic since there can be different latency requirements among URLLC services, we label these types as URLLC#1 and URLLC#2 where URLLC#1 has a lower latency requirement than URLLC#2.  The label “Mux” means the information of UCI#1 and UCI#2 are multiplexed into the same PUCCH.  Since the SR resource is linked to the LCID, we assume that the UE is aware whether an SR is for eMBB or URLLC traffic.  We assume that the UE can distinguish a DL grant for eMBB and URLLC, e.g. by the MCS-C-RNTI or that URLLC uses a different DCI format to that of eMBB and hence the UE is aware whether an ACK/NACK is for eMBB or URLLC.
[bookmark: _Ref534806130]Table 1: UCI priority when UCI#1 and UCI#2 collides in the same UE
	UCI#1
UCI#2
	SR eMBB
	SR URLLC#1
	SR URLLC#2
	ACK/NACK eMBB
	ACK/NACK URLLC#1
	ACK/NACK URLLC#2
	CSI

	SR eMBB
	
	UCI#1
	UCI#1
	Mux
	UCI#1
	UCI#1
	UCI#2

	SR URLLC#1
	UCI#2
	
	UCI#2
	UCI#2
	Mux
	Mux
	UCI#2

	SR URLLC#2
	UCI#2
	UCI#1
	
	UCI#2
	Mux
	Mux
	UCI#2

	ACK/NACK eMBB
	Mux
	UCI#1
	UCI#1
	Mux
	UCI#1
	UCI#1
	UCI#2

	ACK/NACK URLLC#1
	UCI#2
	Mux
	Mux
	UCI#2
	Mux
	Mux
	UCI#2

	ACK/NACK URLLC#2
	UCI#2
	Mux
	Mux
	UCI#2
	Mux
	Mux
	UCI#2

	CSI
	UCI#1
	UCI#1
	UCI#1
	UCI#1
	UCI#1
	UCI#1
	



We therefore propose the following:
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

2.5 Scenario 5: Intra-UE UL Prioritization: PUCCH vs PUSCH
In this scenario, a UCI carried by PUCCH collides with a PUSCH in the same UE.  Whether PUCCH or PUSCH has priority depends on the type of traffic carried by them.  Table 2 summarises our proposed priority when PUCCH collides with PUSCH based on the content.  Similarly, we assume there can be more than one type of URLLC and here URLLC#1 has higher priority than URLLC#2.  We assume that the MAC layer indicates the priority of the LCID carried in a TB to the physical layer and hence the UE is aware of the type of traffic being carried by the PUSCH.
In Table 2, it should be noted that if the PUSCH that carries eMBB traffic collides with UCI carrying SR of URLLC, since URLLC has higher priority, it would make sense to transmit the URLLC traffic that is in the UE buffer and delay the eMBB traffic if the TBS is not large enough to carry both URLLC & eMBB (as per Proposal 4).  In other words, the URLLC data itself is transmitted, not the SR for that data.  The BSR if any for eMBB however can be included in this PUSCH.  Similar to Proposal 4, if the PUSCH for eMBB is not sufficient to carry the URLLC data in the UE’s buffer, then SR has higher priority and the UE drops the eMBB PUSCH to transmit the URLLC SR.

[bookmark: _Ref534807990]Table 2: Priority for UCI colliding with PUSCH in the same UE
	UCI
PUSCH
	SR eMBB
	SR URLLC#1
	SR URLLC#2
	ACK/NACK eMBB
	ACK/NACK URLLC#1
	ACK/NACK URLLC#2
	CSI

	eMBB
	Mux
	UCI or URLLC PUSCH
	UCI or URLLC PUSCH
	Mux
	UCI
	UCI
	Mux

	URLLC#1
	Mux
	Mux
	Mux
	Mux
	Mux
	Mux
	PUSCH

	URLLC#2
	Mux
	Mux
	Mux
	Mux
	Mux
	Mux
	PUSCH



We can propose the following:
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 

2.6 Scenario 6: Intra-UE UL Prioritization: CA based concurrent transmission with power limitation
This aspect can be handled in the MR DC and CA WI.  However, if it is deemed necessary to discuss this here, then the priorities established for intra-UE UL prioritization for Scenario 2 to Scenario 5 can be used. That is when power is limited, the carrier with the higher priority UL transmission has 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.

2.7 Scenario 7: Intra-UE UL Prioritization: Power Control for Traffics with Different Priorities
For this scenario, the UE can be configured with two power control parameters for different service, such as eMBB and URLLC.  Which power control parameters to use can be dynamically indicated in the DCI.
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.

2.8 Scenario 8: Intra-UE UL Prioritization: Configured Grant vs Configured Grant
Since it was agreed in RAN1#95, that multiple configured grant resources can be configured for a UE, it is therefore possible that PUSCH can collide among these configured grants.  We consider two scenarios here:
Scenario 8.1: The TBs for the colliding PUSCH are not processed
Scenario 8.2: At least one of the TBs for the colliding PUSCH has already been processed

For Scenario 8.1 where none of the TBs for the colliding PUSCH are processed at the time when the collision is determined, then it is possible to combine the data into one TB and transmit it using one of the configured grants, for example the configured grant with the lowest MCS can be selected to ensure reliability of the PUSCH transmission.  Alternatively, if the configured grants are contiguous in the frequency domain, the TB can be transmitted using the frequency resources of both configured grants (i.e. combined resources).
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

For Scenario 8.2 where at least one of the TBs of the colliding PUSCHs is already processed then assuming the priority is known, the lower priority PUSCH is dropped.  
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.

One of the benefits for having multiple configured grants is to ensure K repetitions for PUSCH for URLLC that can start at any time without crossing transmission periods.  Hence it is possible for two URLLC (i.e. two same priority) PUSCH transmissions using different configured grant resources to collide.  An example is shown in Figure 2, where we have two configured grant resources namely CG#1 and CG#2 each with a transmission period of 4 mini-slots (i.e. 4 Transmission Occasions) but are offset in time by 2 mini-slots, i.e. CG#1 starts at time t0 and CG#2 starts at time t1.  The UE transmits PUSCH#1 carrying URLLC with 4× repetitions at time t0, the afterwards a mini-slot PUSCH#2 carrying another URLLC with 4× repetitions begins at time t1, thereby causing PUSCH#1 and PUSCH#2 to collide.  In this scenario, the later PUSCH#2 should have higher priority since PUSCH#1 already has the opportunity to transmit some of its repetitions.  Hence, the UE should drop the remaining repetitions for PUSCH#1 and transmit PUSCH#2.
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[bookmark: _Ref534811054]Figure 2: Colliding URLLC repetitions in different Configured Grants

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.

3. Conclusion
In this contribution we discuss some considerations in intra-UE mutiplexing.  We observe the following:
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.

We therefore propose the following:
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.
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.
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