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1	Introduction
In RAN#83 the new WI on physical layer enhancements for NR URLLC was approved [1]. One objective of the WI is specification of UCI enhancements, which includes
· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE
During the study item phase several agreements were made, as listed below:
RAN1#94		
Agreement: 
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.
Agreement: 
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded

RAN1#95
Agreements:
· Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.

RAN1#95AH
Agreements:
· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)
· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both
· FFS more than 2
· FFS whether or not CBG configuration is supported for Rel-16 URLLC
RAN1#96
Agreements:
· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to transmit in resources overlapping in time
· FFS details, e.g., multiplexing and/or prioritizing or parallel tx – revisit later this week
Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 
· FFS in potential WI the details of the PHY identification


This contribution discusses our view on possible solutions for enabling multiple PUCCHs transmissions with HARQ-ACK feedback in a slot, as well as reliability enhancements for UCI on PUSCH, and handling of UCI in intra-UE prioritization. 
[bookmark: _Ref178064866]2	Discussion
2.1	Multiple HARQ-ACK PUCCHs transmission in a slot
During the SI phase, it was agreed that multiple PUCCHs for HARQ-ACK within a slot should be supported in R16. Supporting 2 or more PUCCH transmissions per slot, requires additional considerations with respect to the availability of PUCCH resources and corresponding signaling and HARQ codebook determination.
2.1.1	Design aspects for multiple HARQ codebooks per slot
The solutions discussed in the last meetings are summarized in [2] as the following two options: 
· Option 1: Finer (in unit of sub-slot) K1 indication.
· FFS: Combined with PDSCH grouping
· Option 2: PDSCH grouping + slot-based K1 indication.

These options are compared below:
· Regarding Option 1, although the solutions seem to be simple, they would complicate the design and operation for cases with mixed numerologies. Also, different interpretations of K1 would at least complicate the determination of semi-static codebook that depends on K1. Moreover, increasing the granularity of K1 would potentially increase the signalling overhead unnecessarily. For example, the size of the corresponding field in the DCI maybe needed to increase. Also, it seems there is overlap between the information that K1 provides and the starting symbol of a PUCCH resource provide.
· Regarding Option 2, if partitioning of slots into sub-slots are done arbitrarily (for example by partitioning a slot to 2 or 3 or 4 equal sub-slots) it would in fact complicate the scheduling operation with a risk of not meeting the goals of early HARQ-ACK feedback for URLLC DL transmission. For example, depending on the capability and the numerology, the HARQ-ACK feedback for a URLLC PDSCH in a later sub-slot that could be transmitted on a PUCCH in an earlier sub-slot, can only be transmitted in a later sub-slot. Also, the scheduling of URLLC PDSCH would be restricted to be confined within these artificial sub-slots that would not be suitable for sporadic URLLC traffic. Also, these approaches would complicate the design to support operations with different numerologies between UL and DL carriers. However, if the metric for determining the sub-slot boundaries is taken into account the required processing time for transmission of HARQ-ACK on PUCCH after decoding of a PDSCH, the design would be more aligned with the design objectives for URLLC transmissions. 
Therefore, based on the analysis above, it appears that a proper approach could be based on the principles used in Option 2 and propose the following:
[bookmark: _Toc1196957][bookmark: _Toc5152543]For enabling multiple PUCCH transmissions with HARQ-ACK in a slot, PDSCH grouping in sub-slots with slot-based K1 indication is supported.

Considering that the aim is to transmit HARQ-ACK feedback as soon as possible, a reasonable approach that involves partitioning of a slot into sub-slots is to determine the partition boundary as the time instance prior to the start of the earliest PUCCH resource, such that the time difference between the boundary and the start time of the earliest PUCCH resource is the required processing time, i.e.
Time instance of boundary = Time instance of earliest PUCCH - T processing time
That means the reference time is the starting time of an earliest configured PUCCH resource. It is obvious that in case of multiple UL slots, the earliest UL slot should be considered for this purpose. In case of overlapping PUCCH resources, the earliest PUCCH resource in the overlapping group is considered. The boundary is semi-statically provided to the UE. A UE can implicitly determine the boundary based on the configured parameters (PUCCH resource, etc.) and its capability. It can be discussed whether the boundary can be explicitly configured. 
[bookmark: _Toc1196958][bookmark: _Toc5152544]Sub-slot boundaries for PDSCH grouping are determined based on PUCCH resource configurations and UE processing time capabilities.
· [bookmark: _Toc1196959][bookmark: _Toc5152545]The boundaries are used to determine time domain regions for grouping PDSCHs such that a PDSCH group includes PDSCHs that end within the corresponding time domain region. 

Illustrative examples are shown in Figure 1, and can be used to better understand the procedure. First based on the PUCCH configurations and UE processing time capability, the UE determines that there are two time domain regions or sub-slots. Each region or PDSCH group is associated with a set of HARQ-ACK bits.
[image: ]
Figure 1: Illustrative examples to determine PDSCH association sets (PDSCH groups) in a slot

Once sub-slot boundaries for PDSCH grouping are identified, Rel-15 procedures can be followed by adopting the sub-slot instead of a slot as described in the following.
· Determining HARQ-ACK bits and PUCCH resource for transmission
The determination of HARQ-ACK code book and corresponding PUCCH resource is as Rel-15 with the difference that sub-slot boundaries are used instead of slot boundaries. In other words, among PDSCHs in a sub-slot scheduled by DCIs with K1 values indicating the same slot for a PUCCH transmission, the PDSCHs that end within the sub-slot are used to determine the code book. Moreover, the size of code book (number of HARQ ACK bits) determines the corresponding PUCCH resource set and the last DCI among the DCIs scheduling these PDSCHs determines the PUCCH resource in the set for transmission of HARQ-ACK bits.
· Semi-static HARQ codebook size
In the case of semi-static codebook, the UE determines the size of the codebook for each set of HARQ-ACK bits following the same procedure as in Rel-15 (i.e. using the configured TDRA, configured K1 values, the corresponding pruning algorithm, etc.) with the difference that only the configured TDRA with ending symbol in the time domain region or sub-slot corresponding to the PDSCH associated set are considered and the rest are discarded for this codebook. Note that since the sub-slots boundaries are pre-determined, the code book size is also pre-determined. Depending on the location of sub-slots, the code books can have the same or different sizes. 
· Dynamic HARQ codebook
In case of dynamic code book, the UE determines a codebook following the same procedure as in Rel-15 with the difference that the UE assumes that the DAI fields start over when a PDSCH is received in a new sub-slot.
Based on the above discussion, we propose to consider the following principles for enabling multiple PUCCHs with HARQ.ACK transmission within a slot:
[bookmark: _Toc1196960][bookmark: _Toc5152546]Rel-15 procedures are followed for HARQ-ACK transmissions with the difference that sub-slot boundaries are used instead of slot boundaries, when applicable.
· [bookmark: _Toc1196961][bookmark: _Toc5152547]Among PDSCHs in a sub-slot scheduled by DCIs with K1 values indicating the same slot for a PUCCH transmission, the PDSCHs that end within the sub-slot are used to determine the code book.
· [bookmark: _Toc1196962][bookmark: _Toc5152548]The size of code book determines the corresponding PUCCH resource set and the last DCI among the DCIs scheduling these PDSCHs determines the PUCCH resource in the set for transmission of HARQ-ACK bits.

[bookmark: _Toc1196963][bookmark: _Toc5152549]For semi-static code book, the code book size corresponding to a sub-slot is pre-determined based on Rel-15 procedures with the difference that only the configured PDSCH TDRA overlapping and ending in the sub-slot, are considered.

[bookmark: _Toc1196964][bookmark: _Toc5152550][bookmark: _Toc1196865][bookmark: _Toc1196965]For dynamic code book, the code book corresponding to PDSCH receptions in a sub-slot is based on Rel-15 procedures with the difference that the UE assumes that DAI fields start over when a sub-slot for PDSCH reception is changed to next one.

Regarding the number of PUCCHs with HARQ ACK transmission in a slot, different services have different requirements in terms of latency and hence HARQ ACK timeline and specifying a too high number for the HARQ ACK can complicate the scheduling unnecessarily. In our view, maximum 3-4 would be a reasonable choice.
[bookmark: _Toc1196966][bookmark: _Toc5152551]Maximum 4 PUCCH transmission with HARQ-ACK can be supported per slot.

2.1.2	Feedback procedures for mixed eMBB and URLLC
Another aspect that needs to be clarified is the HARQ-procedures when a UE receives mix of eMBB and URLLC traffic. From our perspective, it is preferred to separate the HARQ codebook for eMBB and URLLC traffic and transmit on different PUCCH resources. That simplifies the design while providing the required quality for these two services. Based on this design choice, for a PUCCH with HARQ transmissions in a slot, the HARQ feedback can correspond only to eMBB or URLLC traffic, but not both. To realize this operation, the corresponding codebook parameters are separately configured or semi-statically determined.
As discussed above, for providing HARQ feedback for URLLC type of traffic, the HARQ code book is generated and transmitted based on sub-slot PDSCH groups approach. While for eMBB type of traffic, the HARQ codebook is generated and transmitted based on Rel-15 with slots as reference. Therefore, for any 2 PUCCH HARQ transmissions in a slot, at least one includes HARQ-ACK corresponding to URLLC traffic.
Regarding to the codebook type, adopting the same codebook type, i.e. dynamic or semi-static, is a simpler approach but it is preferable to investigate a bit further before precluding the option of different codebook types for URLLC and eMBB.
[bookmark: _Toc1196967][bookmark: _Toc5152552]Separate HARQ codebooks and procedures for URLLC and eMBB traffic
· [bookmark: _Toc1196968][bookmark: _Toc5152553]HARQ codebook type for URLLC and eMBB is assumed the same as baseline.
· [bookmark: _Toc1196969][bookmark: _Toc5152554]Study further the benefit of codebooks with different types for URLLC and eMBB
In order to realize separate HARQ operation for URLLC and eMBB traffic, it is crucial to provide means to differentiate these traffics dynamically. 

[bookmark: _Toc1196972][bookmark: _Toc1197424][bookmark: _Toc5151574][bookmark: _Toc5152555]An illustrative example is provided in Figure 2.
[image: ]
[bookmark: _Ref1196845]Figure 2: Illustrative example of HARQ feedback for mixed traffic
2.1.3	Configuration of PUCCH resources
For URLLC with tight latency requirements there is a need to have several transmission opportunities within a slot for PDSCH transmission and hence also a need for several opportunities for HARQ-ACK reporting on PUCCH within a slot, as agreed. 
This means that a UE needs to be configured with several PUCCH resources to enable the possibility for multiple opportunities of HARQ-ACK transmissions within a slot although, only one of them may be used in each slot. The additional PUCCH resources basically have different timing allocations. The starting symbol index is part of the configuration of a PUCCH resource in a PUCCH resource set. It is inefficient to increase the number of PUCCH resources by populating the resources in a given set with repetition in time. A more efficient approach is to enable periodic repetition of a configured set or a PUCCH resource in a slot. This approach has the benefit of reducing the size of a configured PUCCH resource set which can be beneficial in reducing the size of corresponding DCI field for PUCCH resource indication (3 bits field in Rel-15). 
The illustration in Figure 1 can be used to describe this approach. Assume that the PUCCH resources at the end of the slot belong to a configured PUCCH resource set. By repeating the set, the number of resources can be doubled. For example, in Figure 1, the yellow PUCCH resource set is a repeat of the orange PUCCH resource set. It can be observed clearly that the first codebook is mapped to the earliest set and the second code book to the later one. In this case, 4 PUCCH resources can be indicated by 1 bit in DCI, where the 1 bit indicates short vs long PUCCH within a PUCCH resource set.  Therefore, this approach is also beneficial for reducing the DCI overhead for URLLC.
Therefore, based on the above discussion we propose:
[bookmark: _Toc1196973][bookmark: _Toc5152556]For enabling transmission of multiple PUCCHs with HARQ-ACK within a slot, support time domain repetition of a PUCCH resource set or a PUCCH resource in a set.
· [bookmark: _Toc1196974][bookmark: _Toc5152557]A repeated PUCCH resource corresponds to the same PUCCH resource index.
· [bookmark: _Toc1196975][bookmark: _Toc5152558]Study how to associate a PUCCH resource to a codeword 
[bookmark: _Toc535035011]2.2	UL data/control and control/control resource collision 
One of the objectives of the RAN2-led work item on support of NR IIoT [4], is support of intra-UE prioritization/ multiplexing, including:
· Address UL data/control and control/control resource collision by:
· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].
In the table below, we summarize possible collision cases and UE behaviours when they happen. Since the table has diagonal symmetry, the left-hand side is omitted to avoid duplications in description. Certain cases are discussed further below.
[bookmark: _Toc5152559]Consider Table 1 as a baseline for resolving overlapping between control and data or control resources.
Table 1. Intra UE prioritization cases between control/control and control/data
	Collision cases
	URLLC LCH SR
	URLLC HARQ-ACK
	CSI
	URLLC PUSCH
	eMBB LCH SR
	eMBB HARQ-ACK
	eMBB PUSCH

	URLLC SR
	----
	Multiplex on PUCCH
(Rel-15 rules)
	Multiplex on PUCCH if possible, otherwise Dropping rules are used
	Do not sent SR (post-pone or send BSR if time allows) (Rel-15 rule)
	Prioritize URLLC SR
	Multiplex on PUCCH  if possible, otherwise combine (AND) feedbacks
	Drop/puncture PUSCH or piggyback UCI with SR

	URLLC HARQ-ACK
	
	----
	Dropping rules are used
	Multiplex UCI on PUSCH with high beta factor
	Multiplex on PUCCH
	Multiplex on PUCCH  if possible, otherwise combine (AND) feedbacks
	Multiplex UCI on PUSCH with high beta factor

	CSI
	
	
	----
	Use low or „omit“ beta-factor
	Multiplex on PUCCH 
	Multiplex on PUCCH
	Multiplex UCI on PUSCH (Rel-15 rule)

	URLLC PUSCH
	
	
	
	----
	Do not sent SR
	Use low or „omit“ beta-factor
	Data-data collision is discussed in [6]

	eMBB SR
	
	
	
	
	----
	Multiplex on PUCCH
	Do not sent SR (Rel-15 rule)

	eMBB HARQ-ACK
	
	
	
	
	
	----
	Multiplex UCI on PUSCH (Rel-15 rule)

	eMBB PUSCH
	
	
	
	
	
	
	----



The list of cases in the table are not complete, e.g. CSI can be further divided on CSI part 1 and 2, or several collisions may happen at the same time for example between resources for transmission of URLLC SR, eMBB HARQ-ACK and eMBB data. Thus, for simplicity we propose to follow the same principle as in Rel-15:
· First, resolve overlapping between PUCCH resources
· Then overlapping between PUCCH and PUSCH resources, if any.

2.3	UCI reliability enhancements
2.3.1	 UCI on PUSCH enhancements
For a UE running mixed services with both eMBB and URLLC the reliability requirements on UCI transmitted on PUSCH can differ significantly from the PUSCH data. The reliability requirement on the UCI can either be higher than the requirement on the PUSCH data, e.g. when transmitting HARQ-ACK for DL URLLC data adt the same time as eMBB data, or lower, e.g. when transmitting CQI reports meant for eMBB at the same time as URLLC data. In the case where UCI has lower requirement than PUSCH data it may be preferable to drop some or all of the UCI. 
[bookmark: _Toc521704457][bookmark: _Toc521708960][bookmark: _Toc525660391][bookmark: _Toc525660458][bookmark: _Toc525661215][bookmark: _Toc525904335][bookmark: _Toc525923875][bookmark: _Toc5152542]The reliability requirements for UCI and UL data can vary significantly for UEs supporting both eMBB and URLLC. Either UCI or PUSCH data can need higher reliability.
The split of resources between UCI and PUSCH data is controlled through beta factors for different kinds of UCI. The beta factors defined in Rel. 15 have a lowest value of 1.0. This value might not be low enough when considering URLLC data together with eMBB UCI. The better solution would be an introduction of special beta-factor value allowing to omit UCI on PUSCH to ensure URLLC reliability. An example is illustrated in Figure 3 .
[image: ]
[bookmark: _Ref535027639]Figure 3: Beta-factor in DCI signals to “omit” UCI transmission.
Hence followings are proposed as potential enhancements in Rel-16:
[bookmark: _Toc5152560][bookmark: _Toc521704470][bookmark: _Toc521708972][bookmark: _Toc525660404][bookmark: _Toc525660416][bookmark: _Toc525660472][bookmark: _Toc525661227][bookmark: _Toc525904348][bookmark: _Toc525904369][bookmark: _Toc525904470][bookmark: _Toc525923897]Consider increasing the range for beta factors in Rel. 16 to include values less than 1.0 for multiplexing URLLC UCI on PUSCH
[bookmark: _Toc5152561]Consider 0.0 in range of beta factors in Rel.16, as an indicator for dropping of corresponding UCI from PUSCH. 
In case there are multiple services with different priorities, multiple beta factors can be used to provide different levels of protection for different UCI messages.
2.3.2	PUCCH power control enhancements
[bookmark: _GoBack]In our companion contribution [3],  it is observed that when UCI is transmitted on PUCCH the reliability requirement can also differ significantly if UCI is related to eMBB or URLLC. Especially a HARQ-ACK relating to eMBB does not need to be as reliable as a HARQ-ACK relating to URLLC.  In [3], it is observed that for PUCCH Format 0 and Format 1 the suitable methods to control reliability is limited to selection of number of symbols and/or power adjustment. It is also observed that NR Rel-15 does not support fast adjustment of reliability using power control. In some scenarios adjustment of reliability using selection of number of symbols may not be enough in a mixed-services scenario. Therefore, we propose:
 
[bookmark: _Toc525660405][bookmark: _Toc525660417][bookmark: _Toc525660473][bookmark: _Toc525661228][bookmark: _Toc525904349][bookmark: _Toc525904370][bookmark: _Toc525904471][bookmark: _Toc525923898][bookmark: _Toc5152562]Consider enhancements in PUCCH power control to enable larger power difference between PUCCH transmission related to eMBB and PUCCH transmission related to URLLC: 
· [bookmark: _Toc525660406][bookmark: _Toc525660418][bookmark: _Toc525660474][bookmark: _Toc525661229][bookmark: _Toc525904350][bookmark: _Toc525904371][bookmark: _Toc525904472][bookmark: _Toc525923899][bookmark: _Toc5152563]New TPC table allowing larger power adjustment steps, and/or
· [bookmark: _Toc525660407][bookmark: _Toc525660419][bookmark: _Toc525660475][bookmark: _Toc525661230][bookmark: _Toc5152564][bookmark: _Toc525904351][bookmark: _Toc525904372][bookmark: _Toc525904473][bookmark: _Toc525923900]Dynamic indication of power setting (e.g., , closed-loop index) using DCI indication 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The reliability requirements for UCI and UL data can vary significantly for UEs supporting both eMBB and URLLC. Either UCI or PUSCH data can need higher reliability.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For enabling multiple PUCCH transmissions with HARQ-ACK in a slot, PDSCH grouping in sub-slots with slot-based K1 indication is supported.
Proposal 2	Sub-slot boundaries for PDSCH grouping are determined based on PUCCH resource configurations and UE processing time capabilities.
· The boundaries are used to determine time domain regions for grouping PDSCHs such that a PDSCH group includes PDSCHs that end within the corresponding time domain region.
Proposal 3	Rel-15 procedures are followed for HARQ-ACK transmissions with the difference that sub-slot boundaries are used instead of slot boundaries, when applicable.
· Among PDSCHs in a sub-slot scheduled by DCIs with K1 values indicating the same slot for a PUCCH transmission, the PDSCHs that end within the sub-slot are used to determine the code book.
· The size of code book determines the corresponding PUCCH resource set and the last DCI among the DCIs scheduling these PDSCHs determines the PUCCH resource in the set for transmission of HARQ-ACK bits.
Proposal 4	For semi-static code book, the code book size corresponding to a sub-slot is pre-determined based on Rel-15 procedures with the difference that only the configured PDSCH TDRA overlapping and ending in the sub-slot, are considered.
Proposal 5	For dynamic code book, the code book corresponding to PDSCH receptions in a sub-slot is based on Rel-15 procedures with the difference that the UE assumes that DAI fields start over when a sub-slot for PDSCH reception is changed to next one.
Proposal 6	Maximum 4 PUCCH transmission with HARQ-ACK can be supported per slot.
Proposal 7	Separate HARQ codebooks and procedures for URLLC and eMBB traffic
· HARQ codebook type for URLLC and eMBB is assumed the same as baseline.
· Study further the benefit of codebooks with different types for URLLC and eMBB

Proposal 8	For enabling transmission of multiple PUCCHs with HARQ-ACK within a slot, support time domain repetition of a PUCCH resource set or a PUCCH resource in a set.
· A repeated PUCCH resource corresponds to the same PUCCH resource index.
· Study how to associate a PUCCH resource to a codeword
Proposal 9	Consider Table 1 as a baseline for resolving overlapping between control and data or control resources.
Proposal 10	Consider increasing the range for beta factors in Rel. 16 to include values less than 1.0 for multiplexing URLLC UCI on PUSCH
Proposal 11	Consider 0.0 in range of beta factors in Rel.16, as an indicator for dropping of corresponding UCI from PUSCH.
Proposal 12	Consider enhancements in PUCCH power control to enable larger power difference between PUCCH transmission related to eMBB and PUCCH transmission related to URLLC:
· New TPC table allowing larger power adjustment steps, and/or
· Dynamic indication of power setting (e.g., , closed-loop index) using DCI indication
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