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During RAN#88-e plenary [1], it was agreed to specify the required enhancement for intra-UE Multiplexing and Prioritization, and in particular:
· The multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
· PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 

Multiplexing between different priorities
Multiplexing into a PUCCH
In RAN1#102e [2], the following agreement has been made: 
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
For the above multiplexing scenarios,
· FFS conditions, if needed, for the multiplexing, e.g
· Whether to support multiplexing between different resources not confined within a sub-slot.
· Whether to support multiplexing in case a PUCCH overlaps with more than one PUCCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to determine the PUCCH resource used for multiplexing (e.g. HP or LP PUCCH resource, or a dedicated PUCCH resource for the multiplexing).
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling).
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding)
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for enabling multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
PUCCH Resources for Multiplexing
The high priority PUCCH resources should be used for the multiplexing to ensure the reliability of PUCCH. The new UCI payload after multiplexing should be used to select the PUCCH resource set and the first CCE associated with the DCI scheduling the PUCCH is to be used to select the PUCCH resources from the PUCCH resource set. Also the PUCCH configuration associated to the high priority HARQ-ACK codebook should be used for the PUCCH transmission like PUCCH power control to ensure PUCCH reliability.

Proposal 1: High priority PUCCH resources should be used for the multiplexing
Indication of Multiplexing
Dynamically indicating to the UE if multiplexing is taking place is very complex to handle at the UE side and requires a lot of implementation effort as the UE needs to accommodate two scenarios for each case which will complicate the implementation.
Proposal 2: Dynamic indication of the multiplexing activation/de-activation is not supported. 
Multiplexing timeline



[bookmark: _Ref54183797]Figure 1: Multiplexing timelines
When multiplexing HP-PUCCH and LP-PUCCH, the guard gaps of the two PUCCHs should be taken into consideration and the new guard gap should be decided. We need to avoid increasing the latency of the HP-PUCCH but at the same time UE implementation should not be made complicated by shortening the guard gap. 
Two possible options (see Figure 1: assuming the multiplexing is happening on the HP-PUCCH): 
· Option 1: Guard gap timeline of the new multiplexed PUCCH is of the earliest PUCCH.
· This is a UE friendly option as it aggregates the timeline of the two PUCCHs. 
· However, the second PUCCH couldn’t be overridden any more during the time t although the original timeline of the second PUCCH is not impacted. 
· Option 2: Guard gap timeline of the new multiplexed PUCCH is of the PUCCH on which the multiplexing is happening (E.g. HP-PUCCH).
· This option gives more flexibility for the second PUCCH to be overridden during the timing t . However if the second PUCCH is overridden, the first PUCCH couldn’t be transmitted anymore as its guard gap is impacted, unless transmitted on the same resources of the second PUCCH.
We support option 1 as it is a simple solution and it avoids the risk of overriding any of the multiplexed PUCCH which could further complicate the procedure. Also, it is relaxing the guard gap which is needed for the increased processing time required for the multiplexing.
Proposal 3: Guard gap timeline of the new multiplexed PUCCH is of the earliest PUCCH
[bookmark: _GoBack]Multiplexing conditions
Multiplexing between a first HP-PUCCH transmitted on a sub-slot and LP-PUCCH transmitted on a slot-based could impact a second HP-PUCCH if the new multiplexed PUCCH overlaps with the second HP-PUCCH and the guard gap is not enough to multiplex the second HP-PUCCH. 
Multiplexing between PUCCHs spanning different sub-slot/slot durations, raises a lot of concern and some HP-PUCCHs could be dropped or delayed in multiple scenarios. Hence, we think that multiplexing of UCI of different priorities should be allowed only if PUCCHs are within the same sub-slot/slot otherwise the Rel-16 dropping rules are to be used.
However, to ensure lower latency of the URLLC traffic, sub-slots will be usually configured. And if eMBB traffic is also simultaneously supported larger sub-slots or slot based will be usually configured. Hence, if multiplexing between PUCCHs on different sub-slot/slot lengths is not supported, then this functionality will be rarely used in practice and if the gNB wants to use it then it needs to configure sub-slot with the same duration for eMBB which will limit the PUCCH durations used for eMBB. One possible solution is to allow multiplexing only if the resulted PUCCH is confined within the sub-slot of the HP-PUCCH sub-slot.
Proposal 4: Multiplexing allowed only if the resulted PUCCH is confined within the sub-slot of the HP-PUCCH sub-slot
Some of conditions to also possibly consider for multiplexing is the size of the LP HARQ-ACK bits. However this condition could be restrictive as it will limit the possibility of multiplexing. 
Hence, we propose to support group-bundling. Group bundling is bundling every small group of N1 bits to N2 (E.g. N1 = 2, N2 =1). The group bundling is to be used only if the new UCI payload (number of bits) is above a certain threshold maxUCIPayload where the parameter maxUCIPayload is specified or signalled by the gNB and which guarantee good reliability and latency of the multiplexed PUCCH. 
Group-bundling could be applied per TB of the LP-HARQ feedback. For example, if CBG-level HARQ-ACK feedback is enabled for a TB, only the TB HARQ-ACK feedback is sent when the LP-UCI is multiplexed on HP channel.
Proposal 5: Group-bundling is supported when multiplexing and when the resulted UCI payload is large. 
Regarding the case of HP-SR with LP-HARQ: the PUCCH format on which the HARQ is carried is very important to take into consideration in specifying this scenario. For collision with HARQ transmitted on PF 0/1, the Rel-15 rules are not optimal but could be maintained. For example the Rel-15 rule for multiplexing PF1 SR with PF1 HARQ preserves both reliability and latency of SR and also similar with PF0 SR and PF0 HARQ. In the case of more than two HARQ bits, scheduling PF2 HARQ around SR can mitigate situations when multiplexing would fail to meet the SR reliability and latency.


Multiplexing into a PUSCH
In RAN1#102e [2], the following agreement has been made: 
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
For the above multiplexing scenarios,
· Support separate configurations of at least beta-offset values (FFS for alpha) for multiplexing with different priority combinations. 
· FFS for other separate configurations.
· FFS: value range of beta-offset (e.g. <1).
· FFS the conditions, if needed, for multiplexing, e.g.
· FFS: Whether to support multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling)?
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding).
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
· How to handle multiplexing of UCI of different priorities and CG-UCI in a CG-PUSCH

The beta-offset is used to adjust the coding rate and could be used for the multiplexing on PUSCH. Two sets of beta-offset could be defined one for high priority UCI and one for low priority UCI multiplexing also beta-offset < 1 could be supported to further protect the HP data when multiplexed with LP-UCI on PUSCH. 
Proposal 6: Two sets of beta-offset could be defined one for high priority UCI and one for low priority UCI multiplexing
Proposal 7: beta-offset < 1 could be supported to further protect the HP data when multiplexed with LP-UCI on PUSCH
Simultaneous PUSCH and PUCCH for intra-band CA.

The following agreement has been made in RAN1#102e:
Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function. 
· FFS for intra-band CA.

The following cases could be distinguished for the case of intra-band CA: 
· Same numerology
· Aligned channel case:
· simultaneous PUCCH/PUSCH transmissions on different cells could be supported for this case with no issue.
· Non-aligned channel case:
· The performance in the non-aligned UL channels is to be impacted by phase discontinuity. However, this is under the network control and the UE doesn’t need to worry about it. The gNB can allow this to take place if it finds that the performance degradation is still within the targeted reliability. 
· Different numerology
· The UE implementation is very challenging to be able to support setting different gain of a symbol in the same TX path (co-PA) in mixed numerology. The set gain is usually done per symbol as a granularity and it is very challenging on the HW to set different gain level during an ongoing symbol.
· If the transmission is aligned on symbol-level (with the lowest SCS) in mixed numerology, it could resolve most of cases, but the SW implementation will be difficult.

There is no difference between if the channels are PUSCHs or PUSCH vs PUCCH, i.e., the above issues exist already for PUSCH transmissions in intra-band CA.  

Proposal 8: Support simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA for the same numerology both with aligned and non-aligned channel case. 
Proposal 9: Support simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA for different numerology if the transmissions are aligned on symbol-level (with the symbol of the lowest SCS as a reference). 
· i.e. Allocation on the carrier with higher numerology doesn’t start during an ongoing symbol on the other carrier with the smaller numerology.
The UE could be configured by high layer parameters to enable this functionality for inter-band and intra-band CA. This could be done separately for intra-band and inter-band CA. 
Proposal 10: The UE is to be configured by high-layer parameters to enable or disable simultaneous PUCCH/PUSCH transmission.
Proposal 11: The UE is to be configured separately for inter-band and intra-band simultaneous PUCCH/PUSCH transmissions.
The simultaneous PUCCH/PUSCH transmissions could also be enabled only for PUCCH/PUSCH of different priorities. Hence, if the PUSCH and PUCCH have different PHY-level priorities, the simultaneous PUCCH/PUSCH transmissions is enabled, otherwise, if the PUSCH and PUCCH have the same PHY-level priority, the PUSCH and PUCCH are multiplexed. Another possibility is to enable simultaneous PUCCH/PUSCH transmissions of different priorities only if the low priority channel would have been dropped otherwise. For example, if the PUSCH and PUCCH have different PHY-level priorities and can’t be multiplexed (e.g. the low priority channel would have been dropped based on R16 or R17 prioritization rules), the simultaneous PUCCH/PUSCH transmissions is enabled for this case. Otherwise, if the PUSCH and PUCCH can be multiplexed (e.g. based on R17 multiplexing rules between channels of different PHY-level priorities), then the PUSCH and PUCCH are multiplexed.
Also, the simultaneous PUCCH/PUSCH transmissions could be restricted to the case of LP-PUCCH carrying HARQ feedback. For example, if the LP-PUCCH does not carry HARQ feedback, simultaneous PUCCH/PUSCH transmissions is disabled and the prioritization rules of R16/R17 could be performed (e.g. dropping the LP-PUCCH)

Proposal 12: The UE is to be configured for simultaneous PUCCH/PUSCH separately for different priorities on transmissions.
Proposal 13: Simultaneous PUCCH/PUSCH transmissions is enabled based on specific conditions. E.g. LP-PUCCH carrying HARQ feedback.

Cancelation between CG PUSCH and DG PUSCH with different priorities

In RAN1#102e, the following agreement has been made regarding the collision between low-priority DG-PUSCH and high-priority CG-PUSCH
Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
· Clarify R16 baseline if needed.

However, the details of this scheme are to be discussed. Also, collision between high-priority DG-PUSCH and with low-priority CG-PUSCH is to be decided. 

The proposal below has been drafted and supported with good majority in RAN1#102e and should be pursued.

Proposal 14: Support PHY prioritization for the case where high-priority DG-PUSCH collides with low-priority CG-PUSCH

2nd HP-CG vs. 1st LP-DG 
To reduce the latency for UL URLLC traffic, the gNB can configure the UE with short periodicity CG resources with the priority configuration in configuredGrantConfig set to 1 (i.e., high priority). The gNB still have the flexibility to schedule low priority DG PUSCH (e.g. eMBB) overlapping with the CG resources especially that the URLLC traffic is in general sporadic and the CG resources are not necessarily fully utilized. 
In that case the high priority CG should be able to cancel the low priority DG to ensure the latency and the reliability of the high priority CG traffic are met. 
To handle that at the UE physical layer, the cancellation timeline (as previously specified in 38.214 but then removed following the RAN1 conclusion) for a UE supporting the intra-UE prioritization capability that “the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the PUSCH transmission scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant” is sufficient. The final decision is made at the PHY level even if two MAC PDUs have been delivered to PHY and an indication to MAC layer is needed on whether the delivered MAC PDUs are transmitted or not. 
 Hence, for collision handling between high priority CG PUSCH and low priority DG PUSCH, the UE PHY layer should be able to handle the prioritization such that the high priority CG PUSCH is transmitted and the overlapping low priority DG PUSCH is cancelled. The low priority DG PUSCH is scheduled by PDCCH at latest starting at the first symbol of the CG PUSCH. 


Proposal 15: The UE is expected to transmit the HP-CG PUSCH and cancel the overlapping LP-DG PUSCH scheduled by the PDCCH starting at latest at the first symbol of the CG PUSCH.

2nd HP-DG vs. 1st LP-CG 
Dynamic Grant to be overriding configured grant is already supported in Rel-15 and should be preserved in Rel-17. In Rel-15 the N2 timeline is used as both of them have the same priority and the CG will not start transmitting at all. However in this case, the DG PUSCH could be scheduled when the CG has already started transmitting. A new time timeline should be defined for this case or alternatively the Rel-16 timeline where M = Tproc,2 +d1 between the end of the PDCCH carrying the UL grant and the start of the high priority DG and N = Tproc,2 + d2  between the end of the PDCCH carrying the UL grant and the start of the low priority CG are re-used. 


Proposal 16: The UE is expected to transmit the HP-DG PUSCH and cancel the overlapping LP-CG PUSCH. Further, the UE expects that the first overlapping symbol of the high priority DG is not earlier than Tproc,2+d1 after the last symbol of the PDCCH scheduling the HP-DG PUSCH. 


Conclusion
In this contribution, we have made the following proposals:
 Proposal 1: High priority PUCCH resources should be used for the multiplexing
Proposal 2: Dynamic indication of the multiplexing activation/de-activation is not supported. 
Proposal 3: Guard gap timeline of the new multiplexed PUCCH is of the earliest PUCCH
Proposal 4: Multiplexing allowed only if the resulted PUCCH is confined within the sub-slot of the HP-PUCCH sub-slot
Proposal 5: Group-bundling is supported when multiplexing and when the resulted UCI payload is large. 
Proposal 6: Two sets of beta-offset could be defined one for high priority UCI and one for low priority UCI multiplexing
Proposal 7: beta-offset < 1 could be supported to further protect the HP data when multiplexed with LP-UCI on PUSCH
Proposal 8: Support simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA for the same numerology both with aligned and non-aligned channel case. 
Proposal 9: Support simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA for different numerology if the transmissions are aligned on symbol-level (with the symbol of the lowest SCS as a reference). 
· i.e. Allocation on the carrier with higher numerology doesn’t start during an ongoing symbol on the other carrier with the smaller numerology.
Proposal 10: The UE is to be configured by high-layer parameters to enable or disable simultaneous PUCCH/PUSCH transmission.
Proposal 11: The UE is to be configured separately for inter-band and intra-band simultaneous PUCCH/PUSCH transmissions.
Proposal 12: The UE is to be configured for simultaneous PUCCH/PUSCH separately for different priorities on transmissions.
Proposal 13: Simultaneous PUCCH/PUSCH transmissions is enabled based on specific conditions. E.g. LP-PUCCH carrying HARQ feedback.

Proposal 14: Support PHY prioritization for the case where high-priority DG-PUSCH collides with low-priority CG-PUSCH
Proposal 15: The UE is expected to transmit the HP-CG PUSCH and cancel the overlapping LP-DG PUSCH scheduled by the PDCCH starting at latest at the first symbol of the CG PUSCH.

Proposal 16: The UE is expected to transmit the HP-DG PUSCH and cancel the overlapping LP-CG PUSCH. Further, the UE expects that the first overlapping symbol of the high priority DG is not earlier than Tproc,2+d1 after the last symbol of the PDCCH scheduling the HP-DG PUSCH. 
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	TS 38.213 section 9:
A PUSCH or a PUCCH, including repetitions if any, can be of priority index 0 or of priority index 1. If a priority index is not provided for a PUSCH or a PUCCH, the priority index is 0. If in an active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1_1 or for detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1 and for detection of DCI format 0_2 and DCI format 1_2, a DCI format 0_1 or a DCI format 0_2 can schedule a PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority. If, after resolving overlapping for PUCCH and/or PUSCH transmissions of a same priority index, a UE determines to transmit
-	a first PUCCH of larger priority index, a PUSCH or a second PUCCH of smaller priority index, and a transmission of the first PUCCH would overlap in time with a transmission of the PUSCH or the second PUCCH, the UE does not transmit the PUSCH or the second PUCCH
-	a PUSCH of larger priority index, a PUCCH of smaller priority index, and a transmission of the PUSCH would overlap in time with a transmission of the PUCCH, the UE does not transmit the PUCCH 
-	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format 
[Irrelevant text is omitted]
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	------------------------------------------------------ TP ---------------------------------------------------------
[bookmark: _Toc27299926][bookmark: _Toc11352138][bookmark: _Toc29673199][bookmark: _Toc29674333][bookmark: _Toc29673340][bookmark: _Toc36645563][bookmark: _Toc20318028](Same as previous 38.214 section 6.1	UE procedure for transmitting the physical uplink shared channel) 
[Irrelevant text is omitted]
[If [a UE reports the capability of intra-UE prioritization], and if a PUSCH corresponding to a configured grant and a PUSCH scheduled by a PDCCH on a serving cell are partially or fully overlapping in time,
-	If the PUSCH corresponding to the configured grant has priority in configuredGrantConfig set to 1 (i.e., high priority), and the PUSCH scheduled by the PDCCH is indicated as low priority by having the [priority indicator] field in the scheduling DCI set to 0 or by not having the [priority indicator] field present in the scheduling DCI, the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the PUSCH transmission scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
-	Otherwise, the UE shall cancel the PUSCH transmission corresponding to the configured grant at latest starting M symbols after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, and transmit the PUSCH scheduled by the PDCCH, where
-	M = Tproc,2 +d1, where Tproc,2 is given by clause 6.4 for the corresponding PUSCH timing capability assuming d2,1 = 0 and d1 is determined by the reported UE capability [XXXXX],
-	In this case, the UE is not expected to be scheduled for the PUSCH by the PDCCH where the PUSCH starts earlier than N symbols after the end of the last symbol of the PDCCH, where
-	N = Tproc,2 + d2, where Tproc,2 is the PUSCH preparation time of the PUSCH scheduled by the PDCCH using the associated PUSCH timing capability according to clause 6.4 and d2 is determined by the reported UE capability [YYYYY].
-	In case of PUSCH repetitions, the overlapping handling is performed for each PUSCH repetition separately.
-	The UE is not expected to be scheduled for another PUSCH by a PDCCH where this PUSCH starts no earlier than the end of the prioritized transmitted PUSCH and before the end of the time domain allocation of the cancelled PUSCH.]
------------------------------------------------------ End of TP ---------------------------------------------------
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