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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN#97, we agreed the following:
Agreements:
For sub-slot-based HARQ-ACK feedback procedure, K1 is the number of sub-slots from the sub-slot containing the end of PDSCH to the sub-slot containing the start of PUCCH. 
· Use UL numerology to define the sub-slot grid for PDSCH-to-sub-slot association.
· FFS: The configurable value range of K1 needs to be extended, and impact to related DCI field bitwidth.
· Note: It has been agreed that K1 is defined following R15 approach but in unit of sub-slot.

Agreements:
For sub-slot-based HARQ-ACK feedback procedure, the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot
· For a given sub-slot configuration, a UE can be configured with PUCCH resource set(s)
· FFS same or different PUCCH resource sets can be configured for different sub-slots within a slot.

Agreements:
· When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE,  all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks except for following:
· FFS: For PUCCH-SpatialRelationInfo
· Note: SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList are not related to HARQ-ACK feedback.
· FFS: For other UCI types, e.g. SchedulingRequestResourceConfig, multi-CSI-PUCCH-ResourceList.
· FFS: At least one HARQ-ACK codebook follows R15 PUCCH configuration.


Working assumption:
Support that SR priority (e.g. high or low priority) is known at PHY layer. 
· FFS how to use the priority information in handling prioritization/multiplexing of UL transmissions. 
· FFS how the SR priority is known


This contribution provides further considerations on sub-slot PUCCH and some aspect of UCI-UCI collisions.  
2. Discussions
2.1 Sub-slot PUCCH
The possible number of sub-slots per slot is dependent on whether the sub-slot size can be uniform or non-uniform.  For uniform sized sub-slot, the only possible sizes are 1, 2 and 7 OFDM symbols giving 14, 7 and 2 sub-slots per slot respectively.  On the other hand, if non-uniform sizes are allowed then there is more flexibility in configuring the sub-slot, e.g. we can have 3 sub-slots with size {7, 4, 3} symbol.  It should be noted that in LTE sTTI, the sub-slot sizes in a subframe are also non-uniform, where the sub-slot size patterns (e.g. {3, 2, 2, 2, 2, 3}) are defined in the specifications.  We have a preference for non-uniform sub-slot sizes, given its flexibility.
Proposal 1: The sub-slot sizes in a slot can be non-uniform.

In Rel-15, a PUCCH is contained within a slot.  For sub-slot based PUCCH, restricting the PUCCH to be contained within a sub-slot would limit the duration of the PUCCH.  For example if the sub-slot size is 2 OFDM symbols, then only short PUCCH formats (PUCCH Format 0 and 2) can be used.  Hence there are proposals to allow a PUCCH to cross sub-slot boundary [1], [2].  However, allowing a PUCCH to cross a sub-slot boundary would lead to inter-sub-slot PUCCH collisions, which may require significant specification changes to manage such collision.  
Observation 1: Allowing a PUCCH to cross a sub-slot boundary leads to inter-sub-slot PUCCH collisions, which add additional specification complexity from the perspective of managing such collisions.

It is argued that restricting the duration of the PUCCH to a sub-slot would reduce its capacity.  However, although the capacity of a single sub-slot PUCCH may be reduced, since the UE can transmit multiple sub-slot PUCCH in a slot, the total capacity of the PUCCH in a slot is not reduced.  It should also be noted that the reason to introduce sub-slot PUCCH is to reduce the latency in providing HARQ-ACK feedback for URLLC PDSCH.  Hence we do not expect a very large PUCCH Multiplexing Window: that is we do not expect a lot of HARQ-ACK bits to be multiplexed into a single sub-slot PUCCH.
Observation 2: Restricting a PUCCH transmission to being contained within a sub-slot does not reduce the overall PUCCH capacity within a slot.
Observation 3: The reason for having a sub-slot PUCCH is to provide fast HARQ-ACK for low latency URLLC PDSCH and so the sub-slot PUCCH is not expected to carry a large number of HARQ-ACK bits as the PUCCH Multiplexing Window is expected to be short.

If different durations of sub-slot PUCCH are required, non-uniform sub-slot sizes can be configured.  For example, a sub-slot size set of {7, 4, 3} would be able to support PUCCH with different maximum durations.
Observation 4: Different PUCCH durations can be supported by configuring non-uniform PUCCH sub-slot sizes.

Since there is no impact on the PUCCH capacity and given the extra complexity in having to manage inter-sub-slot PUCCH collision within the UE, in addition to the various UCI-UCI collisions, we do not see any reason to allow a sub-slot based PUCCH to cross a sub-slot boundary.
Proposal 2: In a sub-slot based PUCCH, a PUCCH transmission is NOT allowed to cross a sub-slot boundary.

For multiple simultaneous HARQ-ACK codebook construction, for each PDSCH, a physical layer indicator is required to indicate which HARQ-ACK codebook or PUCCH to use for its corresponding HARQ-ACK.  In RAN1#96bis, we have the following options:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook

[bookmark: _GoBack]Option 3 requires additional bits in the DCI.  For a UE that supports eMBB and URLLC, we expect the DL grant for each service to have different monitoring periodicity but not necessarily different CORESET or search space.  However, Option 4 requires that a separate CORESET or search space for eMBB and URLLC is assigned, which imposes some slight restriction on the PDCCH resource configuration.  We expect that Rel-16 eURLLC is likely to use a different DCI format since eURLLC may have different fields as discussed for PDCCH enhancement and so Option 1 is a potential method.  Option 2 does not increase the DCI size and a separate RNTI is already used to differentiate the use of different MCS tables in Rel-15 and hence can be extended for use in Rel-16 for sub-slot PUCCH.  Hence, we prefer either Option 1 or Option 2.
Proposal 3: When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, use DCI format or different RNTI to identify the HARQ-ACK codebook associated to the service type.


2.2 Intra-UE UCI Collision
Our inputs to the Email discussion [97-NR-05] on the different Intra-UE UCI collisions are summarized in Table 1 of the Appendix.  We will elaborate the following scenarios further:
· PUSCH & HARQ-ACK collisions
· SR & HARQ-ACK collisions
· eMBB HARQ-ACK & URLLC HARQ-ACK collision

2.2.1 PUSCH & HARQ-ACK Collisions
There are two cases under this scenario:
· URLLC PUSCH & eMBB HARQ-ACK collision
· eMBB PUSCH & URLLC HARQ-ACK collision

Multiplexing eMBB HARQ-ACKs into URLLC PUSCH or URLLC HARQ-ACK into eMBB PUSCH may result in a PUSCH that does not meet the URLLC reliability requirement.  On the other hand, dropping the eMBB channel leads to inefficient use of resources especially when the eMBB HARQ-ACK contains feedback for multiple PDSCHs, which would lead to retransmission of multiple large-TBS PDSCH.  In order to avoid dropping any channel, the multiplexed HARQ-ACK bits in the PUSCH must satisfy the required URLLC reliability regardless of whether the PUSCH is for eMBB or URLLC traffic.  This is feasible if the UE is aware of the number of HARQ-ACK bits that it needs to multiplex into the PUSCH before it constructs the PUSCH and so it can construct the PUSCH so that the reliability is met.
Observation 5: If the UE is aware of the number of HARQ-ACK bits prior to constructing the PUSCH, the UE may take into account these extra HARQ-ACK bits when constructing the PUSCH such that it meets the required URLLC reliability.

The UE is aware of the number of HARQ-ACK bits that needs to be multiplexed into a PUSCH if the UL Grant scheduling that PUSCH comes AFTER all the DL Grants where the corresponding PUCCH carrying HARQ-ACK feedback collides with that PUSCH.  An example is shown in Figure 1, where DCI#1 & DCI#2 are DL Grants scheduling PDSCH#1 & PDSCH#2 respectively.  The PUCCH carrying HARQ-ACK for PDSCH#1 and PDSCH#2 are scheduled to transmit in slot n+4 and so are multiplexed into a single PUCCH.  DCI#3 carrying an UL Grant schedules a PUSCH at slot n+4, which collides with the HARQ-ACKs.  Since DCI#3 carrying the UL Grant arrives AFTER all the DL Grants (DCI#1 & DCI#2) that have corresponding HARQ-ACKs that collide with the PUSCH, the UE is aware of all these HARQ-ACK bits that need to be multiplexed into the PUSCH before the PUSCH is even constructed.  Hence, the UE can therefore construct the PUSCH with the extra HARQ-ACK bits such that it has sufficient reliability that it meets the URLLC requirement.  It can also be argued that the gNB is aware of the collisions when it schedules the PUSCH and so the gNB would have provided sufficient PUSCH resources such that the URLLC reliability requirement would be met when these HARQ-ACK bits are multiplexed into that PUSCH.

[image: ]
[bookmark: _Ref16268023]Figure 1: UL Grant for URLLC PUSCH arrives AFTER all eMBB DL Grants with HARQ-ACKs colliding with that PUSCH

Proposal 4: If the UL Grant scheduling a PUSCH arrives AFTER all the DL Grants with corresponding HARQ-ACKs that collide with that PUSCH, then the HARQ-ACK bits are multiplexed into the PUSCH.  Otherwise the UE drops the lower priority channel (i.e. eMBB PUSCH or HARQ-ACK for eMBB).


2.2.2 SR & HARQ-ACK Collisions
In Rel-15 different PUCCH Formats (PF) have different associated procedures when multiplexing HARQ-ACK with SR bits as follows:
· Case 1: SR carried by PF0 or PF1 and HARQ-ACK carried by PF0, then the SR is multiplexed with HARQ-ACK and is transmitted in the original PUCCH of PF0 for HARQ-ACK.
· Case 2: SR carried by PF0 and HARQ-ACK carried by PF1, then SR is dropped and only HARQ-ACK is transmitted using PF1.
· Case 3: SR carried by PF1 and HARQ-ACK carried by PF1, if SR is positive then transmit HARQ-ACK using the PUCCH resource originally allocated for the SR, otherwise transmit HARQ-ACK using PUCCH resource originally allocated for the HARQ-ACK.
· Case 4: HARQ-ACK uses PF2, PF3 or PF4.  Here OSR bits are calculated where OSR = log2(K+1), where K is the number of potential SR colliding with the HARQ-ACK.  The OSR can only indicate a single positive SR among these K potential SRs and these OSR bits are appended to the HARQ-ACK bits.
Observation 6: In Rel-15, how the multiplexing of SR and HARQ-ACK is done depends on the PUCCH Formats of the SR and HARQ-ACK.

Hence, in Rel-16 eURLLC, the multiplexing of SR & HARQ-ACK should also depend on the PUCCH Formats used by the SR & HARQ-ACK, specifically:
· Case 1: SR carried by PF0 or PF1 and HARQ-ACK carried by PF0:
· If HARQ-ACK is for URLLC then the SR is multiplexed with HARQ-ACK and is transmitted using the original PUCCH of PF0 for HARQ-ACK, regardless of whether the SR is for eMBB or URLLC.  This is because the reliability of PF0 is not affected by whether an SR is multiplexed with HARQ-ACK or not since the PF0 PUCCH must have sufficient reliability to carry a URLLC SR and URLLC HARQ-ACKs.
· If HARQ-ACK is eMBB and the SR is URLLC, then the eMBB PUCCH may not have sufficient reliability and here the HARQ-ACK can be dropped. 
· Case 2: SR carried by PF0 and HARQ-ACK carried by PF1:
· In Rel-15, the SR is dropped which is not acceptable for URLLC and so for this case if the URLLC is for positive SR, the HARQ-ACK is multiplexed with the SR and transmitted using the original PF0 PUCCH for the SR.  This is regardless whether the HARQ-ACK is for eMBB or URLLC since multiplexing the HARQ-ACK to PF0 does not affect its reliability.
· If the SR is for eMBB then we can reuse the Rel-15 procedure and transmit only the HARQ-ACK using PF1. 
· Case 3: SR carried by PF1 and HARQ-ACK carried by PF1.  When SR is positive:
· If SR is for eMBB and HARQ-ACK for URLLC, using the Rel-15 procedure where the HARQ-ACK is transmitted using the PUCCH (PF1) originally allocated for SR would not meet the URLLC reliability requirement.   Here, the SR for eMBB should be dropped.
· If SR is for URLLC and HARQ-ACK for eMBB, if there are 2 eMBB HARQ-ACKs that need to be transmitted using PF1, the modulation scheme would change to QPSK which is less reliable.  Here, it is better to drop the eMBB HARQ-ACK.
· Case 4: HARQ-ACK uses PF2, PF3 or PF4.  
· If SR is for URLLC then set OSR=1 regardless of what the value K is.
· If HARQ-ACK is for URLLC, then append OSR=1 to the OACK HARQ-ACK bits.  If URLLC SR is negative then OSR=0, i.e. drop any eMBB SR. 
· If HARQ-ACK is for eMBB, then use PUCCH maximum code rate for URLLC.  If OSR + OACK (number of HARQ-ACK) bits does not exceed the PUCCH maximum code rate then transmit both SR & HARQ-ACK otherwise drop eMBB HARQ-ACK and transmit URLLC SR.
Proposal 5: The multiplexing procedure of SR & HARQ-ACK depends on the PUCCH Formats used for SR & HARQ-ACK:
· SR=PF0 or PF1, HARQ-ACK = PF0
· If HARQ-ACK is for eMBB and SR is for URLLC, then drop eMBB HARQ-ACK and transmit positive URLLC SR
· If HARQ-ACK is for URLLC then the SR is multiplexed with HARQ-ACK and is transmitted using the PUCCH PF0 originally allocated for URLLC HARQ-ACK, regardless of whether the SR is for eMBB or URLLC
· SR=PF0, HARQ-ACK=PF1
· If SR is for URLLC, then the HARQ-ACK is multiplexed with SR and is transmitted using the PUCCH PF0 originally allocated for URLLC SR, regardless of whether the HARQ-ACK is for eMBB or URLLC
· If SR is for eMBB, then reuse the Rel-15 procedure, i.e. transmit only the HARQ-ACK using PF1
· SR=PF1, HARQ-ACK=PF1
· If SR is for eMBB & HARQ-ACK is for URLLC, then drop eMBB SR and transmit HARQ-ACK URLLC
· If SR is for URLLC & HARQ-ACK is for eMBB, then drop eMBB HARQ-ACK and transmit URLLC SR
· HARQ-ACK = PF2, PF3 or PF4
· If SR for URLLC is positive, set OSR=1
· If HARQ-ACK is for URLLC, append OSR=1 to OACK HARQ-ACK bits.  If SR for URLLC is negative, OSR=0, i.e. drop eMBB SR  
· If HARQ-ACK is for eMBB, use PUCCH max code rate for URLLC.  If OSR+OACK bits does not exceed the PUCCH max code rate, then transmit SR & HARQ-ACK otherwise drop eMBB HARQ-ACK

In RAN1#97, a working assumption suggest that the priority of the SR needs to be known to the physical layer.  Since the physical layer is aware of the SR ID as it is used in multiplexing SR with HARQ-ACK carried by PF2, PF3 & PF4, the SR ID can therefore provide indication of the priority.  For example a higher priority SR can use a lower numbered ID.  The network would then configure the priority of Logical Channel to match the appropriate SR ID.
Observation 7: The SR ID is known at the physical layer of the UE.
Proposal 6: In Physical layer the priority of the SR is based on the SR ID, i.e. the lower the ID number of the SR is the higher its priority.

2.2.3 eMBB HARQ-ACK & URLLC HARQ-ACK Collision
In Rel-15, the HARQ-ACKs from two PUCCHs colliding in the same slot are multiplexed.  As described previously, multiplexing eMBB HARQ-ACK with URLLC HARQ-ACK may lead to the transmission not meeting the URLLC requirement but dropping eMBB HARQ-ACK may lead to inefficient use of resources since multiple PDSCH with large TBS are retransmitted unnecessarily.  
In [3], we suggest that some of the eMBB HARQ-ACK bits are multiplexed with all the URLLC HARQ-ACK bits, where the number of eMBB HARQ-ACK bits that can be multiplexed depends on the capacity of the URLLC PUCCH.  For PUCCH Format 2, 3 & 4, the number of eMBB HARQ-ACK bits that are multiplexed should not cause the PUCCH max code rate r to be exceeded, where this code rate is configured to meet the URLLC reliability requirement.  The eMBB HARQ-ACK bits that cannot be multiplexed are dropped.  
Proposal 7: When eMBB HARQ-ACKs collide with URLLC HARQ-ACKs, some of the eMBB HARQ-ACK bits are multiplexed into the URLLC PUCCH such that the total HARQ-ACK bits do not cause the PUCCH transmission to exceed the configured PUCCH maximum code rate for URLLC.  Those eMBB HARQ-ACK bits that cannot be multiplexed are dropped.

For the case where only some of the eMBB HARQ-ACK bits can be multiplexed, then we need to decide which eMBB HARQ-ACK bits have priority.  A simple mechanism would be to treat the eMBB HARQ-ACK corresponding to later DL Grants as having higher priority than those corresponding to earlier DL Grants.
Proposal 8: If all the eMBB HARQ-ACKs cannot be multiplexed with URLLC HARQ-ACKs then the eMBB HARQ-ACKs associated with later granted eMBB PDSCHs have priority over earlier granted eMBB PDSCHs.

3. Conclusion
In this contribution, we discuss some considerations on PUCCH enhancement for eURLLC.  We observe the following:
Observation 1: Allowing a PUCCH to cross a sub-slot boundary leads to inter-sub-slot PUCCH collisions, which add additional specification complexity from the perspective of managing such collisions.
Observation 2: Restricting a PUCCH transmission to being contained within a sub-slot does not reduce the overall PUCCH capacity within a slot.
Observation 3: The reason for having a sub-slot PUCCH is to provide fast HARQ-ACK for low latency URLLC PDSCH and so the sub-slot PUCCH is not expected to carry a large number of HARQ-ACK bits as the PUCCH Multiplexing Window is expected to be short.
Observation 4: Different PUCCH durations can be supported by configuring non-uniform PUCCH sub-slot sizes.
Observation 5: If the UE is aware of the number of HARQ-ACK bits prior to constructing the PUSCH, the UE may take into account these extra HARQ-ACK bits when constructing the PUSCH such that it meets the required URLLC reliability.
Observation 6: In Rel-15, how the multiplexing of SR and HARQ-ACK is done depends on the PUCCH Formats of the SR and HARQ-ACK.
Observation 7: The SR ID is known at the physical layer of the UE.

Therefore, we propose the following:
Proposal 1: The sub-slot sizes in a slot can be non-uniform.
Proposal 2: In a sub-slot based PUCCH, a PUCCH transmission is NOT allowed to cross a sub-slot boundary.
Proposal 3: When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, use DCI format or different RNTI to identify the HARQ-ACK codebook associated to the service type.
Proposal 4: If the UL Grant scheduling a PUSCH arrives AFTER all the DL Grants with corresponding HARQ-ACKs that collide with that PUSCH, then the HARQ-ACK bits are multiplexed into the PUSCH.  Otherwise the UE drops the lower priority channel (i.e. eMBB PUSCH or HARQ-ACK for eMBB).
Proposal 5: The multiplexing procedure of SR & HARQ-ACK depends on the PUCCH Formats used for SR & HARQ-ACK:
· SR=PF0 or PF1, HARQ-ACK = PF0
· If HARQ-ACK is for eMBB and SR is for URLLC, then drop eMBB HARQ-ACK and transmit positive URLLC SR
· If HARQ-ACK is for URLLC then the SR is multiplexed with HARQ-ACK and is transmitted using the PUCCH PF0 originally allocated for URLLC HARQ-ACK, regardless of whether the SR is for eMBB or URLLC
· SR=PF0, HARQ-ACK=PF1
· If SR is for URLLC, then the HARQ-ACK is multiplexed with SR and is transmitted using the PUCCH PF0 originally allocated for URLLC SR, regardless of whether the HARQ-ACK is for eMBB or URLLC
· If SR is for eMBB, then reuse the Rel-15 procedure, i.e. transmit only the HARQ-ACK using PF1
· SR=PF1, HARQ-ACK=PF1
· If SR is for eMBB & HARQ-ACK is for URLLC, then drop eMBB SR and transmit HARQ-ACK URLLC
· If SR is for URLLC & HARQ-ACK is for eMBB, then drop eMBB HARQ-ACK and transmit URLLC SR
· HARQ-ACK = PF2, PF3 or PF4
· If SR for URLLC is positive, set OSR=1
· If HARQ-ACK is for URLLC, append OSR=1 to OACK HARQ-ACK bits.  If SR for URLLC is negative, OSR=0, i.e. drop eMBB SR  
· If HARQ-ACK is for eMBB, use PUCCH max code rate for URLLC.  If OSR+OACK bits does not exceed the PUCCH max code rate, then transmit SR & HARQ-ACK otherwise drop eMBB HARQ-ACK

Proposal 6: In Physical layer the priority of the SR is based on the SR ID, i.e. the lower the ID number of the SR is the higher its priority.
Proposal 7: When eMBB HARQ-ACKs collide with URLLC HARQ-ACKs, some of the eMBB HARQ-ACK bits are multiplexed into the URLLC PUCCH such that the total HARQ-ACK bits do not cause the PUCCH transmission to exceed the configured PUCCH maximum code rate for URLLC.  Those eMBB HARQ-ACK bits that cannot be multiplexed are dropped.
Proposal 8: If all the eMBB HARQ-ACKs cannot be multiplexed with URLLC HARQ-ACKs then the eMBB HARQ-ACKs associated with later granted eMBB PDSCHs have priority over earlier granted eMBB PDSCHs.
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5. Appendix

[bookmark: _Ref16266481]Table 1: Sony's input to email discussion [97-NR-05] on different intra-UE UCI collisions scenarios
	
	URLLC SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH

	URLLC SR
	
	
	
	

	URLLC HARQ-ACK
	SR (PF0) & HARQ-ACK (PF1): Tx HARQ-ACK (PF1) if –ve SR otherwise Tx SR+HARQ-ACK on PF0 if +ve SR
Other cases, use Rel-15 procedures
	
	
	

	CSI
	Drop CSI
	Drop CSI
	
	

	URLLC PUSCH
	Wait for RAN2’s conclusion
	Rel-15 procedure
	Drop CSI
	

	eMBB SR
	RAN2 to sort out, otherwise assume later SR has priority
	HARQ-ACK (PF0) – Mux SR+HARQ-ACK
HARQ-ACK (PF1) – Drop eMBB SR
HARQ-ACK (PF2, PF3, PF4) – if code rate not exceeded mux SR otherwise drop SR
	Rel-15 procedure
	Wait for RAN2’s conclusion.

	eMBB HARQ-ACK
	SR (PF0) – Mux HARQ-ACK + SR on PF0.
SR (PF1) -> drop HARQ-ACK
HARQ-ACK (PF2, PF3, PF4) – ensure max code rate not exceeded if Muxed otherwise drop HARQ-ACK
	Mux some eMBB HARQ-ACK into URLLC PUCCH such that reliability is still maintained.  Drop remaining eMBB HARQ-ACK that cannot be multiplexed.
	Rel-15 procedure
	Mux HARQ-ACK bits for DL Grants arriving before the URLLC’s UL Grant.  Otherwise drop HARQ-ACK bits.

	eMBB PUSCH
	Wait for RAN2’s conclusion
	Mux HARQ-ACK into eMBB PUSCH if UL Grant for PUSCH arrives AFTER all DL Grants scheduling URLLC PDSCH. Otherwise drop eMBB PUSCH.
	Rel-15 Procedure
	Wait for RAN2’s conclusion.
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