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1	Introduction
UCI enhancements is one of the agreed topics in scope of the eURLLC study item [1]. In previous meetings some agreements were made with respect to UCI enhancements targeting URLLC use cases:
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
Agreement:
Study the need for enhanced CSI reporting/measurement mechanisms. E.g.,  
· DMRS based CSI
· A-CSI on PUCCH
· Trigger by DL assignment
· Enhanced CSI reporting mode
· Other approaches 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
Agreements:
· Down-select in RAN1#96 for potential A-CSI on PUCCH
· Opt.1: A-CSI report on PUCCH triggered by DL-scheduling DCI.
· For measurement source
· Alt.1: Based on CSI-RS/CSI-IM measurement 
· Alt.2: Based on DMRS/PDSCH/PDCCH measurement
· For report quantity
· Alt.1: R15 baseline
· Alt.2: Delta CQI
· Alt.3: Delta SINR
· For report timeline
· Alt.1: R15 timeline
· Alt.2: New timeline
· Opt.2: A-CSI report on PUCCH based on group-common PDCCH (similar to A-SRS triggering in GC-PDCCH in Rel-15) using Rel-15 mechanisms for measurement source, report quatity, and timeline (A-CSI triggered to transmit on PUSCH)
· Opt.3: No A-CSI on PUCCH due to this SI
Companies are encouraged to perform more evaluations/analysis w.r.t. the above options to facilitate coming up with observations and eventually drawing conclusion
The corresponding topics was discussed during the last meeting as summarized in [2]. This contribution discusses our view on possible solutions for enabling multiple PUCCHs transmissions with HARQ-ACK feedback in a slot, the need for aperiodic CSI reporting on PUCCH, enhancements for UCI on PUSCH and PUCCH power control enhancements for URLLC use cases. 
[bookmark: _Ref178064866]2	Discussion
2.1	Multiple HARQ-ACK PUCCHs transmission in a slot
In the last meetings, it has been 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 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. If the metric for determining the sub-slot boundaries is take 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: _Toc1174260]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 the 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. 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. 

[bookmark: _Toc1196958][bookmark: _Toc1174261]Sub-slot boundaries for PDSCH grouping are determined based on PUCCH resource configurations and UE processing time capabilities.
· [bookmark: _Toc1196959][bookmark: _Toc1174262]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 associated 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 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: _Toc1174263]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: _Toc1174264]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: _Toc1174265]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: _Toc1174266]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: _Toc1174267][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: _Toc1174268]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 the HARQ feedback 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: _Toc1174269]Separate HARQ codebooks and procedures for URLLC and eMBB traffic
· [bookmark: _Toc1196968][bookmark: _Toc1174270]HARQ codebook type for URLLC and eMBB is assumed the same as baseline.
· [bookmark: _Toc1196969][bookmark: _Toc1174271]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. Moreover, a PDSCH scheduled by DCI should include either URLLC or eMBB traffic. From our perspective, URLLC and eMBB can be differentiated by RNTI or PDCCH properties, such as search space properties.
[bookmark: _Toc1196970][bookmark: _Toc1174272]URLLC and eMBB can be differentiated by RNTI or PDCCH properties, such as search space properties.
[bookmark: _Toc1196971][bookmark: _Toc1174273]A PDSCH scheduled by DCI should include either URLLC or eMBB traffic, not both.

[bookmark: _Toc1196972][bookmark: _Toc1197424][bookmark: _Toc1174274]An illustrative example is provided in Figure 2.
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[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: _Toc1174275]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: _Toc1174276]A repeated PUCCH resource corresponds to the same PUCCH resource index.
· [bookmark: _Toc1196975][bookmark: _Toc1174277]Study how to associate a PUCCH resource to a codeword 
[bookmark: _Toc535035011]2.2	Aperiodic CSI on PUCCH
The topic of A-CSI on PUCCH was previously discussed in Rel-15 timeframe, where A-CSI reporting on PUCCH was agreed to be supported at RAN1#90bis. However, due to time limitations and lack of consensus on the triggering mechanism, A-CSI on PUCCH was ultimately left out of NR Rel-15.
In RAN1#95 AH the following was agreed regarding the support of A-CSI on PUCCH:
Agreements:
· Down-select in RAN1#96 for potential A-CSI on PUCCH
· Opt.1: A-CSI report on PUCCH triggered by DL-scheduling DCI.
· For measurement source
· Alt.1: Based on CSI-RS/CSI-IM measurement 
· Alt.2: Based on DMRS/PDSCH/PDCCH measurement
· For report quantity
· Alt.1: R15 baseline
· Alt.2: Delta CQI
· Alt.3: Delta SINR
· For report timeline
· Alt.1: R15 timeline
· Alt.2: New timeline
· Opt.2: A-CSI report on PUCCH based on group-common PDCCH (similar to A-SRS triggering in GC-PDCCH in Rel-15) using Rel-15 mechanisms for measurement source, report quatity, and timeline (A-CSI triggered to transmit on PUSCH)
· Opt.3: No A-CSI on PUCCH due to this SI
Companies are encouraged to perform more evaluations/analysis w.r.t. the above options to facilitate coming up with observations and eventually drawing conclusion


One motivation to introduce A-CSI on PUCCH is to allow for more scheduling flexibility at the gNB, even for wideband CSIs, with a relatively low overhead. A-CSI can be triggered aperiodically and it can be wasteful to spend an entire PUSCH transmission (spanning multiple OFDM symbols) if only a couple of 10 bits of WB CSI needs to be transmitted. 
[bookmark: _Toc525917574][bookmark: _Toc1174256]It can be wasteful to transmit an entire multi-symbol PUSCH only to convey a couple of bits of WB CSI
Another motivation is to allow for same-slot CSI feedback, where a DCI can be received in the beginning of the slot which triggers a short PUCCH at the end of the slot, which allows for very fast CSI feedback which improves the CSI accuracy, especially in case of fast moving UE or rapid interference variation. Additionally, if the UE only has a small amount of data in its buffer, such as it is typical for URLLC type of traffic, the time duration for transmission is typically very short and regular, slower, aperiodic CSI triggering requiring multiple slots may not be fast enough for the CSI to be received before end of the transmission to the UE.
[bookmark: _Toc525917575][bookmark: _Toc1174257]Aperiodic CSI on PUCCH allows for same-slot CSI feedback
Therefore, introducing aperiodic CSI feedback carried on PUCCH is a promising feature to enhance URLLC CSI reporting. It is useful to note that, the DL-related DCI already contains a PUCCH resource indicator field for HARQ-ACK, indicating the timing offset and frequency/code location of the PUCCH carrying ACK/NACK. This field can be re-used for indicating the PUCCH resource for A-CSI. 

[bookmark: _Toc525917801][bookmark: _Toc1174278]Introduce aperiodic CSI feedback on PUCCH
As for the CSI measurement itself we believe that measurement in DMRS is more suitable for low latency applications. The reason is that when a UE is requested to send A-CSI report it is likely that there is some PDSCH is scheduled for the UE. In that case the DMRS that is used for PDSCH demodulation can be used for CSI estimation. Hence it is both resource efficient and fast to make measurement based on DMRS. However, it has to be noted that DMRS from PDCCH cannot be used for the purpose of CSI measurements. The reason is that in many cases for URLLC applications, PDCCH and PDSCH are beamformed towards the UE. Since the beamforming for PDSCH and PDCCH are different, a measurement of CSI based on PDCCH cannot be representative for the CSI of PDSCH channel.
Regarding the timeline, since the channel estimation is based on the front-loaded DMRS, just calculating an SINR like metric, it should be possible to have a fast CSI feedback. this can be even faster than preparing HARQ feedback, so HARQ timeline can be a good assumption for the A-CSI reporting timeline. 

[bookmark: _Toc1174279]Support CSI measurement based on DMRS for A-CSI reporting

For measurement reporting, the simplest approach would be to always piggyback the A-CSI report on the same PUCCH resource that is used to transmit the HARQ-ACK, if HARQ-ACK is present. This approach is desirable from a radio resource management perspective as it simplifies user multiplexing. Note that multiplexing P-CSI and HARQ-ACK on the same PUCCH transmission is already supported, and there exists a mechanism to select differently-sized PUCCH resources depending on UCI payload, so a PUCCH resource with larger frequency-occupancy would be selected and HARQ-ACK reliability is not compromised. As HARQ-ACK and A-CSI is “scheduled” on the PUCCH with the same DCI, there is no error case if the DCI is missed.
[bookmark: _Toc525917577][bookmark: _Toc1174258]Multiplexing HARQ-ACK and A-CSI on the same PUCCH is desirable

Based on this discussion, we propose:
[bookmark: _Toc494637721][bookmark: _Toc494738964][bookmark: _Toc494739971][bookmark: _Toc525917802][bookmark: _Toc1174280][bookmark: _Toc494637722][bookmark: _Toc494738965][bookmark: _Toc494739972]To support aperiodic CSI feedback on PUCCH, a CSI request field can be configured to be present in DL-related DCI
[bookmark: _Toc525917803][bookmark: _Toc1174281]The PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered A-CSI report

2.3	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: _Toc1174259]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: _Toc1174282][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: _Toc1174283]Consider 0.0 in range of beta factors in Rel.16, as an indicator for dropping of corresponding UCI from PUSCH. 
2.4	PUCCH power control
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: _Toc1174284]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: _Toc1174285]New TPC table allowing larger power adjustment steps, and/or
· [bookmark: _Toc525660407][bookmark: _Toc525660419][bookmark: _Toc525660475][bookmark: _Toc525661230][bookmark: _Toc1174286][bookmark: _Toc525904351][bookmark: _Toc525904372][bookmark: _Toc525904473][bookmark: _Toc525923900]Dynamic indication of power setting (e.g., , closed-loop index) using DCI indication 
Conclusion
In the previous sections we made the following observations: 
Observation 1	It can be wasteful to transmit an entire multi-symbol PUSCH only to convey a couple of bits of WB CSI
Observation 2	Aperiodic CSI on PUCCH allows for same-slot CSI feedback
Observation 3	Multiplexing HARQ-ACK and A-CSI on the same PUCCH is desirable
Observation 4	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.
o	Study further the benefit of codebooks with different types for URLLC and eMBB
Proposal 8	URLLC and eMBB can be differentiated by RNTI or PDCCH properties, such as search space properties.
Proposal 9	A PDSCH scheduled by DCI should include either URLLC or eMBB traffic, not both.
An illustrative example is provided in Figure 2.
Proposal 10	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 11	Introduce aperiodic CSI feedback on PUCCH
Proposal 12	Support CSI measurement based on DMRS for A-CSI reporting
Proposal 13	To support aperiodic CSI feedback on PUCCH, a CSI request field can be configured to be present in DL-related DCI
Proposal 14	The PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered A-CSI report
Proposal 15	Consider increasing the range for beta factors in Rel. 16 to include values less than 1.0 for multiplexing URLLC UCI on PUSCH
Proposal 16	Consider 0.0 in range of beta factors in Rel.16, as an indicator for dropping of corresponding UCI from PUSCH.
Proposal 17	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
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref534915792][bookmark: _Hlk525729829]RP-1812089 		New SID on Physical Layer Enhancements for NR URLLC, Huawei, HiSilicon, Nokia, Nokia Shanghai Bell.
[bookmark: _Ref534981815]R1-1901287		Summary of RAN1#AH1901 Tdocs on UCI enhancements for URLLC, OPPO
[bookmark: _Ref528947387]R1-1900164 	Uplink Power Control Enhancement for NR URLLC, Ericsson
	4/4	
image1.emf
•

2 PDSCH regions for HARQ-ACK associations

•

Maximum 2 codebooks (dynamic or semi-static) and corresponding 2 PUCCH transmissions

•

Faster HARQ-ACK feedback for more capable UEs (left) as compared to less capable UEs (right) enabled

PDSCH

PDSCH

PDSCH

PDSCH

PDSCH

PUCCH

PUCCH PUCCH

PUCCH

PDSCH

PDSCH

PDSCH

PDSCH

PDSCH

Boundary determined by N1 processing time of earliest PUCCH resource  

N1

N1


image2.emf
PUCCH

PUCCH

DL slot

DL slot

UL slot

N1

URLLC

DCI

eMBB eMBB

DCI DCI

PUCCH

PUCCH

URLLC

DCI

PUCCH

PUCCH

Sub-slot boundary based on

PUCCH configurations and

processing capability

UE is scheduled with both 

URLLC and eMBB PDSCH. 

eMBB PDSCHs are feedback 

separately (as in Rel-15)

URLLC PDSCH is feedback 

separately (as in Rel-15 with 

sub-slot boundary)

eMBB eMBB

DCI DCI

PUCCH

PUCCH

HARQ

HARQ

Two HARQ processes for 

transmission on different 

PUCCHs in a same slot  


image3.png
URLLC PUSCH

eMBB ACK
eMBB CSI





