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Introduction
A study item on physical layer enhancements for NR URLLC has been approved in RAN#80 with the following objective [1];
	URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· …



In this contribution, first we analyse the reliability aspects for PUCCH format_0, and provide a mechanism to enhance the PUCCH performance in terms of NACK-to-ACK errors. 
Then we address the requirements for the latency of HARQ feedback over PUCCH and potential enhancements to it. In particular, we show that multiple HARQ feedback within a slot are required to support retransmissions with URLLC at low SCS, and present various techniques that can enable it. Simultaneous eMBB and URLLC traffic represent a further issue for HARQ reporting, for which we propose a method of channelization onto separate HARQ procedures. The last section addresses a number of intra-UE multiplexing and prioritization issues. Evaluations of the benefits are provided throughout whether it be the impact on transmission resource utilization or UE power consumption.
PUCCH reliability enhancements
[bookmark: _Ref528254612]Discussion
HARQ based transmission is essential to achieve the strict reliability requirements for URLLC with efficient use of radio resources. For HARQ based DL transmission, the probability for successful DL transmission will heavily depend on the reliability of the uplink control channel (PUCCH) that carries ACK/NACK feedback. Considering a HARQ based DL transmission with one retransmission, the probability () of successfully delivering a packet is given by
                   (1)
where  is the probability of successfully decoding the PDCCH,  is the probability of successfully decoding the PDSCH transmission without soft combining,  is the probability of successfully decoding the PDSCH transmission with soft combining.  (resp. ) are the probabilities of falsely detecting DTX (resp. NACK) as ACK at the gNB. As it can be seen from (1), the successful detection of uplink DTX and NACK at the gNB is essential for the reliability and latency of HARQ based DL transmission. Thus, design of PUCCH should ensure very low impact of DTX-to-ACK and NACK-to-ACK errors. Missed ACK error (i.e. ACK-to-DTX) results in unnecessary retransmission, but does not affect the reliability of HARQ based DL transmission. However, missed ACK errors need to be kept low to preserve the spectral efficiency. To avoid unnecessary retransmissions, missed ACK target similar to LTE should be considered, which is 10-2.
Comparing the contributions of the DTX-to-ACK and NACK-to-ACK errors, we can see that DTX-to-ACK errors can only occur when PDCCH detection fails, while the NACK-to-ACK errors occur when the PDSCH decoding fails. For LTE PDCCH BLER target was ~ 10-2 and PDSCH BLER target was ~ 10-1. For URLLC similar asymmetry between PDCCH BLER and PDSCH BBLER can be expected with a PDCCH BLER target between 10-6 and 10-3 and a larger PDSCH BLER target potentially between 10-1 and 10-3, we can therefore expect that for URLLC the NACK-to-ACK to be more critical than the DTX-to-ACK errors. 
In this contribution, we focus on methods to enhance the PUCCH performance in terms of missed ACK and NACK-to-ACK errors. For the analysis we consider a fixed DTX-to-ACK error probability of 10-2, a missed ACK target of 10-2 and a NACK-to-ACK target ≤10-4. Given the low latency requirements for URLLC, PUCCH format_0 can be considered the most relevant for URLLC scenario. The main approaches to enhance the reliability of PUCCH are receive diversity, time repetition and frequency hopping.
Evaluation of missed-ACK and NACK-to-ACK errors
Here we show the performance of PUCCH format_0 with different number of receive antennas. Simulation parameters are provided in the Table 4 in Appendix A. Figure 1 shows the missed ACK and NACK-to-ACK errors with number of receive antennas 1, 2 and 4. Increasing the number of receive antennas enhances the PUCCH reliability. Further enhancements can be achieved with repetition and frequency hopping.
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[bookmark: _Ref528760652]Figure 1: Missed ACK and NACK-to-ACK error rates for PUCCH format_0, 2PRBs
Table 1 lists the required SNR for achieving a given PUCCH reliability target. It can be seen that one receive antenna at the gNB is not enough to achieve the required performance targets when PUSCH is used. Furthermore, the required SNR for achieving the target NACK-to-ACK error rate is generally higher than the required SNR for achieving the target missed ACK rate. This gap gets even larger with lower NACK-to-ACK error rate target. In addition, the gap between the required SNRs for missed ACK and NACK-to-ACK varies based on the system settings (here it is the number of PRBs and number of receive antennas).
[bookmark: _Ref528256838]Table 1: Required SNR (dB) for PUCCH format_0 reliability targets
	
	1PRB
	2PRBs

	
	nRX = 2
	nRX = 4
	nRX = 2
	nRX = 4

	Missed ACK (1%)
	5.8
	0.02
	3
	-2.82

	NACK-to-ACK (10-4)
	6.8
	0.7
	3.65
	-2

	NACK-to-ACK (10-5)
	12.2
	3.73
	10
	0.2


Observation 1: Receive diversity is essential for enhancing the reliability of PUCCH.
Observation 2: The required SNR for achieving the target NACK-to-ACK error rate is generally higher than the required SNR for achieving the target missed ACK rate.
Observation 3: The difference between the required SNR for achieving the target missed ACK and NACK-to-ACK error rates depends on the system setting (e.g. number of PRBs and number of receive antennas).
Asymmetric NACK and ACK transmissions
One option to achieve the reliability targets (missed ACK and NACK-to-ACK errors) for PUCCH is by transmitting the PUCCH with higher power ( to achieve the stricter of the two targets. In addition to other system parameters, the PUCCH power can be specified as follows

where  is the required transmission power to achieve the target missed ACK rate, and  is the required transmission power to achieve the target NACK-to-ACK error rate. Considering that ACK transmission are expected to happen more often compared to NACK transmission, this approach will lead to inefficient use of the transmission power. Another approach is to adjust the transmission power of PUCCH based on the UCI content, i.e. depending on whether the ACK or NACK is being transmitted. The PUCCH transmission power  will be based on  if there is an ACK to be transmitted, and based on  if there is a NACK to be transmitted. From the ACK/NACK perspectives, two PUCCH transmission powers can be defined as:  is the PUCCH power when there is an ACK to be transmitted,  is the PUCCH power when there is a NACK to be transmitted. For two bits UCI, the  can be used when both bits are ACK, and  when at least one of the bits is NACK. Figure 2 shows the PUCCH performance with different transmission powers for ACK and NACK. The NACK-to-ACK target of 10-4 can be achieved with about 1 dB and 2 dB increase (for nRX= 2 and 1, respectively) in the PUCCH power in the case on NACK transmission. Higher power increase for NACK transmission will be needed to achieve the 10-5 NACK-to-ACK target.
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[bookmark: _Ref528256939]Figure 2: Missed ACK and NACK-to-ACK error rates for PUCCH format_0 with asymmetrical transmission power. 
The main advantage of using different power levels for ACK and NACK transmissions is that the average consumed power by the UE is greatly reduced compared to the case when the same missed ACK and NACK-to-ACK performance is targeted by using identical ACK and NACK power levels. For example, assuming 10% NACK probability (as a worst case scenario) then using a  with 3dB boost compared to the  results in 0.4dB average power increase only, this is to be compared with the 3dB average power increase if both the and  are boosted by 3dB. Adopting this solution will reduce the power consumption and the inter-cell interference as well.
Proposal 1: Support different PUCCH transmission power levels depending on whether ACK or NACK is transmitted. 
PUCCH latency enhancements
Provisions of the current standard allow for maximum one HARQ-feedback per each slot, organized into one codebook. A single codebook may carry ACK-NACK bits for several downlink transmissions possibly belonging to several different slots. This mechanism fails to provide sufficient flexibility to meet URLLC latency requirements, or allow for fast retransmissions at low SCS. In particular, the impact of available fast retransmission opportunities are evaluated briefly bellow and it is shown that the total resource utilization can typically be halved by just one or two retransmission opportunities when BLER<10-6 is targeted. This leads to the conclusion that enabling multiple HARQ-codebook determination and transmission within a slot is essential for URLLC. Furthermore, the issue of simultaneous URLLC and eMBB traffic also needs to be addressed.     
Evaluation of PUCCH latency impact on resource utilization
The left-hand-side of Table 2 shows the maximum number of HARQ transmissions that are permitted within the URLLC latency of 1ms with the framework offered for HARQ-feedback by the current standard. This is compared in the right-hand-side to what would be achievable if separate PUCCH resources were used for HARQ feedback. In calculating the maximum number of HARQ transmissions, the last DL transmission is treated as HARQ-less since the HARQ feedback for last transmission triggers no further action in the gNB. Furthermore, a UE processing time of 4OS for 15kHz/30kHz and 8OS for 60kHz are assumed. We have assumed the HARQ-feedback timing of K1=1 for the current framework, since there is no guarantee that gNB can assure K1=0 due to the constraint of allowing only one PUCCH transmission opportunity for HARQ feedback bits in an UL slot. 
[bookmark: _Ref520902962][bookmark: _Ref521665610]Table 2: Maximum number of HARQ transmissions permitted for different subcarrier spacing and PDSCH size.
	PDSCH size
	Current framework for HARQ feedback
	Separate PUCCH resources for HARQ feedback

	
	15kHz
	30kHz
	60kHz
	15kHz
	30kHz
	60kHz

	2OS
	1
	2
	2
	2
	3
	4

	4OS
	1
	2
	2
	2
	3
	4

	7OS
	1
	1
	2
	1
	2
	3


From Table 2 the conclusion can be drawn that having separate PUCCH resources for HARQ feedback allows for more transmission opportunities within the URLLC latency budget. The significance of this with respect to transmission resource utilisation is further analysed following the framework discussed in Section 2.1. 
[bookmark: _Ref521429658]Table 3 compares the combined resources used for control and data between scenarios implementing different number of maximum transmission opportunities to meet the same URLLC requirements (BLER<10-6 and latency < 1 ms). To save on resources, the control aggregation level and/or the data MCS requirements can be relaxed provided that a subsequent transmission opportunity is available to catch a failing transmission. See Table 5 in Appendix B for the assumptions used in calculating the resources in Table 3. We find a reduction by approximately 50% in the total resources when one or two opportunities are available for re-transmission to satisfy the URLLC requirements.
[bookmark: _Ref528924466]Table 3: Fraction of resources used with 2 and 3 transmission opportunities compared to single transmission.
	Max.
 trans-
missions
	PDCCH AL
	PDSCH MCS
	R0: RE
utilization
per Tx
	P1:
prob. of
1st re-Tx
	P2:
prob. of
2nd re-Tx
	Total RE utilization
R0*(1+ P1+ P2)
	Resource utilization compared to single transmission

	1
	AL32
	0
	6144
	0
	0
	6144.0
	100%

	2
	AL16
	2
	3456
	0.05%
	0
	3457.7
	56%

	3
	AL16
	3
	2952
	0.3%
	10-6
	2960.9
	48%


Observation 4: The current reporting framework uses a single PUCCH resource per slot for HARQ-feedback bits and this reduces the number of HARQ transmission opportunities.
Observation 5: Multiple HARQ feedback transmissions per slot increases the number of DL re-transmission opportunities and hence enables better resource utilization.
Proposal 2: Multiple HARQ-feedback transmissions per slot should be allowed.
Multiple HARQ-feedback transmissions per slot
Based on the analysis above, we put forward to allow multiple HARQ-feedback per slot. Simply removing the restriction from the standard that contradicts this would not help alone. Although multiple codebook determination and transmission could be triggered by appropriate scheduling, however, these codebooks would be redundant. As an illustration of this point, consider the example scenario in Figure 3. Since none of the PUCCH assignments are overridden by subsequent DCI receptions reporting within the same slot, each DCI will be considered by the UE as the “last DCI” before PUCCH sending (§9.2.3 in [4]), and each triggering the generation of respective HARQ codebooks. The codebook carried by the third PUCCH in the slot would repeat the information in the previous two according to the rules of codebook determination [4]. A possible amendment to Type-2 (dynamic) method that could prevent this would split the PDCCH monitoring occasions amongst HARQ codebooks transmitted in a same slot by making appropriate restrictions on the DL control search space start time interval covered by the PDCCH monitoring set used in the algorithm (§9.1.3.1 in [4]). The size of the restricted set would be denoted by M, and occasions (on all CC’s) covered by the time interval would be indexed by m=0…M-1. DAI counters are re-initialized on monitoring occasion m=0, as defined in the current standard.
Proposal 3: To avoid double reporting, Type-2 HARQ codebook determination should be amended so as to restrict the set of PDCCH monitoring occasions to disjoint sets in the case where multiple HARQ codebooks are transmitted in the same slot. 

[bookmark: _Ref525908728]Figure 3: Multiple HARQ feedback within slot, enabled by splitting the PDCCH monitoring occasion set.
It may require some explanation why Type-2 (dynamic) method is targeted by the proposal, and the more robust, Type-1 (semi-static) method may be left out of consideration. 
The rationale behind each codebook determination method is explained by the way they ensure predictable codebook format and size despite occurrences of DCI reception failures; codebook size also plays a role in decoding the PUCCH assignment, hence the stakes to get it right. Type-1 guarantees the format by including padding bits to cover all PDSCH reception opportunities regardless of the successfully detected DCI’s. Padding bits make this method inefficient. Type-2 applies modulo-4 sequence indexing (DAI counters [4]) to DCI’s, which allows detecting failing DCI’s as long as a burst of four or more failures does not occur. While such burst can be produced in eMBB over time, in scenarios having URLLC traffic alone they can virtually be precluded. Hence, no need to look further to solutions based on Type-1 method.           
Observation 6: DAI counter mechanism in Type-2 HARQ codebook is very reliable with URLLC traffic alone. 
The solution put forward in Proposal 2 is simple but has limitations. On one hand, it leaves the PUCCH resources sets unaltered, thus offering minimal flexibility to optimizing the worst case PUCCH alignment delay. On the other, it precludes out-of-order HARQ sending within a slot, which otherwise might be considered. An alternative solution, which overcomes these deficiencies, is to keep the Type-1 and Type-2 algorithms unaltered, except that instead of defining what is relevant for the reporting in the current slot, the references should be made to the current sub-slot. Accordingly, K1 values would specify the number of sub-slot boundaries between the ending symbol of the PDSCH (or the end of the N1, used as a new reference point) and the sub-slot for which the HARQ codebook is determined as shown in Figure 4. Sub-slots could be defined as half-slots, pair of symbols, symbols. Redefinition of K1 can be exploited in the PUCCH resource selection from an increased set of resources, providing more flexibility to reduce the PUCCH alignment delay. The maximum number of permitted HARQ codebooks would be limited to one per sub-slot (as opposed to one per slot), or the method shown in Figure 3 could be adapted to sub-slots. In an optimal solution, sub-slot partitioning, mechanisms and provisions for PUCCH resource assignment as well as the restriction on the number of generated HARQ codebooks should be determined jointly. These should be subject to further studying.          
Proposal 4: Type-2 (and possibly Type-1) HARQ codebook determination should be applicable to sub-slots as an option, and K1 time offset should be interpreted as the number of sub-slot boundaries overlapped by the offset. Appropriate partitioning of slots into sub-slots, and the respective configuration and PUCCH resource assignment methods should be studied.

[bookmark: _Ref525909937]Figure 4: Multiple HARQ feedback within slot, enabled by sub-slot partitioning.
Multiplexing or prioritizing URLLC HARQ reporting with eMBB UCI data results in undesirable complex scenarios, potentially compromising reliability and/or latency. As one example, robustness of the DAI- mechanism of Type-2 HARQ codebook is impaired when reporting on low reliability transmissions along with URLLC traffic, the probability of burst failures in the decoding of eMBB PDCCH transmissions may be too high for URLLC.  
Observation 7: Robustness of the DAI- mechanism of Type-2 HARQ codebook is impaired when reporting on low reliability transmissions along with URLLC traffic.   
The previous observations motivate a solution path that allows the gNB to separate URLLC HARQ reporting from other type of UCI data or eMBB traffic. Antagonistic requirements by URLLC and eMBB for PUCCH resource configurations may also justify such an approach. Separation should be based on channelizing downlink DCI’s onto separate, concurrently operated HARQ procedures according to their indicated priorities (e.g. latency vs. bandwidth efficiency). Each procedure would have its own provisions in terms of configurations and PUCCH resources. E.g. HARQ feedback for URLLC could be pushed onto a “fast” procedure configured with sub-slot-based reporting and appropriate prioritization rules for intra-UE multiplexing whereas eMBB HARQ feedback could be directed to a “slow” procedure configured with slot-based reporting and allowing various cases of intra-UE multiplexing. Means to support HARQ channel selection per downlink transmission should be studied, such as RRC-configurable implicit rules based on type of DCI, search space or RNTI, or the definition of RRC configurable reserved values in existing DCI fields and UE configurations.  
Observation 8: Channelization of HARQ feedback onto two separate HARQ procedures would allow supporting separate HARQ codebooks of independent type for eMBB and URLLC, along with separate configurations and PUCCH resources assigned, as well as intra-UE multiplexing and prioritization rules. 

Proposal 5: Means for HARQ procedure selection per downlink transmission should be studied.
A possible way for reusing existing DCI fields for the indication of the selected HARQ procedure can be the following. By defining a reserved value for K1 as shown in Figure 5, the reserved value could be used as indication of the “fast” HARQ procedure. All the other values would select the “slow” procedure and the appropriate K1 value to be used with the “slow” procedure. Since no information is provided on K1 when the “fast” procedure is selected, the K1 value for the reporting sub-slot would need to be inferred by formulating assumptions related to the low latency of the “fast” procedure.
Proposal 6: For indicating the HARQ procedure per each DCI, the use of reserved value(s) should be considered in existing DCI fields, such as the PDSCH-to-HARQ feedback (i.e., K1 index) field. 
[bookmark: _GoBack]Proposal 7: Appropriate assumptions and rules should be elaborated for allowing a satisfactory PUCCH resource selection for the HARQ procedure used with URLLC traffic. 
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[bookmark: _Ref528760659]Figure 5: HARQ procedure selection based on reserved value for K1.

Mapping of HARQ information onto PUCCH format 3
[image: ]
[bookmark: _Ref528255455]Figure 6: Two-part CSI mapping in current standard (left) and proposed mapping for minimal HARQ/SR latency (right)
In higher SCS (e.g. 60 kHz) scenarios, it can be a viable option for greater robustness to multiplex HARQ information onto long PUCCH Format 3 along with other UCI data. In such a case, the current standard (Section §6.3.6 in [3]) allows for two-part CSI mapping, whereby as shown on the left hand side of Figure 6 , HARQ codebook, SR bits, and CSI part 1 are encoded together and mapped onto RE’s next to the DMRS symbols. While this solution provides maximum reliability, it does not minimize latency. For URLLC, it may be beneficial to provide a slightly modified encoding and mapping option, whereby HARQ-ACK and SR information, which are latency critical, are encoded separately from CSI part 1 and mapped next to the first DMRS. The applied encoding should compensate for the lack of diversity gain from frequency hopping between the two halves of the PUCCH resource. The gain in latency would amount to 2-7 symbols depending on the PUCCH duration and DMRS configuration.    
Observation 9: Two-part CSI mapping onto PUCCH Format 3 optimizes for reliability, but not for latency.
Proposal 8: When UCI data are multiplexed over PUCCH Format 3, an option should be available for separate encoding of HARQ-ACK/SR and mapping it next to the first DMRS for best reliability constrained on minimum latency.
When HARQ feedback comprises only a few bits an even more compact solution can be put forward: the HARQ/SR information could be mapped on the first DMRS symbol by means of cyclic shift of the DMRS or selection between pre-configured DMRS patterns. The information could be repeated on the other DMRS symbols for robustness.
Proposal 9: When UCI data are multiplexed over PUCCH Format 3, an option should be available to encode very short HARQ/SR bit sequences by means of cyclic shift applied to the fixed DMRS pattern, or by selection of one out of multiple pre-configured DMRS patterns.
Intra-UE multiplexing and prioritization of UCI data
Prioritizing URLLC in P/SP CSI reporting

[bookmark: _Ref528920482]Figure 7: Multi-CSI multiplexing or prioritizing when PUCCH resources overlap.
When a UE is configured with periodic CSI reports having different period lengths, in some periods their respective configured PUCCH resources will overlap in time, as shown in Figure 7. If multi-CSI reporting is configured the two reports can be multiplexed onto a combined PUCCH resource. Otherwise, one of them needs to be dropped. To give URLLC traffic high priority, the dropping rule (in §5.2.5 of [4]) should account for the configured CQI table, favouring the lower BLER target, and this condition should take precedence over all other conditions. Prioritization of URLLC could be considered over multiplexing even in the case when multi-CSI reporting is otherwise enabled and a combined PUCCH resource would be available.
Proposal 10: When PUCCH resources assigned to two P/SP CSI reports overlap in time, if one of them is configured with a CQI table using lower BLER target than the other then the one with the higher BLER target should be dropped, unless the UE is configured otherwise.  
PUSCH conflicting with SR
In Rel-15 of the standard SR cannot be multiplexed on PUSCH, and SR is dropped if they would collide. This is justified by the consideration that either PUSCH carries UL data in which case an SR is unlikely to occur or can wait, – or – A-CSI is transmitted without data, which is a corner case that can be ignored in the control channel design. 
However, the above considerations do not justify dropping or delaying an SR for URLLC transmission, and the problem cannot be avoided by scheduling PUSCH around the SR opportunities either, since their periodicity tends to be short for URLLC. Different scenarios may arise depending on the traffic type and payload of PUSCH, and it is not evident how the UE can distinguish in between these. It should be studied whether frequency domain multiplexing or symbol puncturing of PUSCH or delaying of SR can be an adequate solution per each scenario.  
Observation 10: The currently applied prioritization rules between PUSCH and SR are inadequate when the SR is for URLLC traffic because they prevent controlling the uplink latency.  
Proposal 11: Rules and means for multiplexing or prioritizing between SR and PUSCH should be studied. 
Conclusion
In this contribution, we evaluate a number of reliability and latency aspects of PUCCH, and proposed a series of enhancements. 
On the reliability of PUCCH format_0 for ACK/NACK feedback transmission, we have the following observations and proposal:
Observation 1: Receive diversity is essential for enhancing the reliability of PUCCH.
Observation 2: The required SNR for achieving the target NACK-to-ACK error rate is generally higher than the required SNR for achieving the target missed ACK rate.
Observation 3: The difference between the required SNR for achieving the target missed ACK and NACK-to-ACK error rates depends on the system setting (e.g. number of PRBs and number of receive antennas).
Proposal 1: Support different PUCCH transmission power levels depending on whether ACK or NACK is transmitted.
On multiple HARQ sending within a slot, and separate HARQ procedure for URLLC we make the following observations and proposals:
Observation 4: The current reporting framework uses a single PUCCH resource per slot for HARQ-feedback bits and this reduces the number of HARQ transmission opportunities.
Observation 5: Multiple HARQ feedback transmissions per slot increases the number of DL re-transmission opportunities and hence enables better resource utilization.
Observation 6: DAI counter mechanism in Type-2 HARQ codebook is very reliable with URLLC traffic alone. 
Observation 7: Robustness of the DAI- mechanism of Type-2 HARQ codebook is impaired when reporting on low reliability transmissions along with URLLC traffic.   
Observation 8: Channelization of HARQ feedback onto two separate HARQ procedures would allow supporting separate HARQ codebooks of independent type for eMBB and URLLC, along with separate configurations and PUCCH resources assigned, as well as intra-UE multiplexing and prioritization rules. 
Proposal 2: Multiple HARQ-feedback transmissions per slot should be allowed.
Proposal 3: To avoid double reporting, Type-2 HARQ codebook determination should be amended so as to restrict the set of PDCCH monitoring occasions to disjoint sets in the case where multiple HARQ codebooks are transmitted in the same slot. 
Proposal 4: Type-2 (and possibly Type-1) HARQ codebook determination should be applicable to sub-slots as an option, and K1 time offset should be interpreted as the number of sub-slot boundaries overlapped by the offset. Appropriate partitioning of slots into sub-slots, and the respective configuration and PUCCH resource assignment methods should be studied.
Proposal 5: Means for HARQ procedure selection per downlink transmission should be studied.
Proposal 6: For indicating the HARQ procedure per each DCI, the use of reserved value(s) should be considered in existing DCI fields, such as the PDSCH-to-HARQ_feedback (i.e., K1 index) field. 
Proposal 7: Appropriate assumptions and rules should be elaborated for allowing a satisfactory PUCCH resource selection for the HARQ procedure used with URLLC traffic. 
On HARQ multiplexing with CSI on PUCCH format 3 we make the following observations and proposals:
Observation 9: Two-part CSI mapping onto PUCCH Format 3 optimizes for reliability, but not for latency.
Proposal 8: When UCI data are multiplexed over PUCCH Format 3, an option should be available for separate encoding of HARQ-ACK/SR and mapping it next to the first DMRS for best reliability constrained on minimum latency.
Proposal 9: When UCI data are multiplexed over PUCCH Format 3, an option should be available to encode very short HARQ/SR bit sequences by means of cyclic shift applied to the fixed DMRS pattern, or by selection of one out of multiple pre-configured DMRS patterns.
On intra-UE multiplexing we make the following observations and proposals:
Proposal 10: When PUCCH resources assigned to two P/SP CSI reports overlap in time, if one of them is configured with a CQI table using lower BLER target than the other then the one with the higher BLER target should be dropped, unless the UE is configured otherwise. 
Observation 10: The currently applied prioritization rules between PUSCH and SR are inadequate when the SR is for URLLC traffic because they prevent controlling the uplink latency.  
Proposal 11: Rules and means for multiplexing or prioritizing between SR and PUSCH should be studied. 
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[bookmark: _Ref490211503]Table 4: Simulation parameters for link-level simulation
	Parameter
	Value

	Carrier frequency
	4 GHz

	Bandwidth
	20 MHz

	Subcarrier Spacing
	15 kHz

	Antenna Configuration
	1Tx, and (1, 2, 4) Rx antennas

	Number of PRBs
	1 and 2

	Number of Symbols
	1 Symbol

	Channel
	TDL-C with 300ns RMS delay, @ 3 km/h

	Noise estimation
	Ideal

	Performance metrics	
	DTX-to-ACK probability of 0.01



[bookmark: _Ref521334897]Appendix B
Table 5 lists the assumptions used in generating Table 3.
[bookmark: _Ref521430999][bookmark: _Ref521487550]Table 5: Assumptions used for DL resource utilization with various re-transmission scenarios.
	SNR
	–3 dB

	DCI size
	30 bits

	TB size
	32 bytes

	Channel conditions
	As in [12]: 700 MHz, SCS 30KHz, TDL-A channel, delay spread 30ns 

	PDCCH BLER
	Refer to [12] 

	PDSCH BLER
	Refer to [11]

	Soft-combining gain from two transmissions
	3 dB

	Soft-combining gain from three transmissions
	4.77 dB

	 
	10-4

	 
	10-3
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