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1
Introduction
In RAN#80, a new study item on physical layer enhancements for NR URLLC was approved [1]. In Rel. 15, the basic support for URLLC was introduced. For NR URLLC Rel. 16, further use cases with tighter requirements have been identified such as factory automation, transport industry and electrical power distribution. The tighter requirements are higher reliability (up to 1E-6 level), higher availability, depending on the use cases.
This document is related to the potential layer 1 enhancements for further improved reliability/latency and for other requirements related to the use cases identified in [1]. Specifically, we discuss enhancements for PDCCH, PUCCH, UCI multiplexing, PUSCH and power control.
2
PDCCH enhancements

DCI false detection
The target false alarm rate 2-21 = 4.77E-7 has been assumed for 24bit CRC with SCL decoder in Rel.15 discussion. Even if only two PDCCH candidate with two RNTIs like C-RNTI, MCS-C-RNTI are monitored, the false detection rate is 2x2x4.77E-7 = 1.91E-6, which is larger than 1E-6. The false detection of DCI for URLLC impacts on reliability of PDSCH reception /PUSCH transmission directly. 

In order to reduce the false detection of DCI, followings are identified.

(1) Virtual CRC
Virtual CRC with fixed value padding is specified in a SPS activation/release.  The fixed value in DCI can be used to improve the reliability.

(2) Monitoring PDCCH occasions are limited for RNTI for URLLC
MCS-C-RNTI is monitored in USS and Type 3 CSS in Rel.15. When MCS-C-RNTI is configured, the number of blind decoding of MCS-C-RNTI equals it of C-RNTI. For URLLC with 1E-6 reliability, one option is the monitoring search spaces for RNTI for URLLC are limited to reduce the number of blind decoding. Other option is the number of trials for RNTI for URLLC per search space is limited compared to the number of trials for C-RNTI.

(3) 2 steps PDCCH reception
For the symbols indicated by SFI PDCCH, PDCCHs are only monitored in dynamic DL symbols indicated by SFI and not received in dynamic flexible symbols. SFI PDCCH reception can contribute to reduce false alarm if UE monitors PDCCHs on dynamic DL symbols only when UE detects SFI correctly. In current spec, if SFI PDCCH is mis-detected or if SFI PDCCH is not sent by gNB, PDCCH is still monitored in semi-static flexible symbols. Therefore, false detection reduction by 2 steps PDCCH reception of SFI PDCCH and unicast PDCCH for URLLC does not work well. To resolve this, in case SFI PDCCH is not detected, unicast PDCCH for URLLC is not monitored in semi-static flexible symbol is one approach.
Contents of DCI

The performance benefit of compact DCI in term of required SINR at target BLER=1E-5 of 10 companies are summarized [2] as shown in Table 2.1. The gain is not so large in higher aggregation levels. For URLLC, higher aggregation levels would be mainly used. 

Table 2.1 Summary of gains by reducing the DCI payload size [2]
	Aggregation level
	10 bits reduction (40->30)
	16 bits reduction (40->24)

	1
	1dB
	2~3 dB

	2
	0.5dB
	1~2 dB

	4
	0.2~1.1dB
	0.7~1.3dB

	8
	0.4~0.9dB
	0.4~1.5dB

	16
	0.3~0.9dB
	0.4~1.2dB


To increase virtual CRC and/or to add new parameters, some parameter usage should be revisited for URLLC operation. The candidates of such parameters are follows.

· Frequency domain and time domain resource allocation bits
For frequency domain, larger resource block group could be used assuming lower coding rate of URLLC.

For time domain, staring symbol is relative to the beginning of CORESET can save the required patterns.

· HARQ process number/redundancy version
The number of HARQ process number could be reduced for low latency and fixed redundancy version could be used.

· Carrier indicator
For URLLC, cross-carrier scheduling would be not necessary.

If the size is differentiate from DCI format 1_0/0_0, the number of BDs in a slot would be increased as we expect common channel like SI/Paging/random access needs to be still received in URLLC UEs. To increase the number of BDs impact false detection probability further.
Considering the gain is not so large, the need of virtual CRC for reliability, to avoid the number of BD increase for false detection, we propose not to introduce further compact DCI and DCI format 1_0/0_0 size is reused for URLLC.
Proposal 1: Further Compact DCI is not supported. DCI format 1_0 and 0_0 size can be reused.
PDCCH Repetition

eMBB design can support lower SINR target than -2.6dB (5th percentile DL geometry) by AL=16 PDCCH [3]. If only -2.6dB is covered, whole eMBB coverage is not always covered by URLLC. PDCCH repetition provides extra robustness for DCI when only gNB configure the repetition.

Following three options are identified. 

Option 1) A CORESET spans more than 3 OFDM symbols. A CCE size is extended to more than 6.

Option 2) A CORESET spans more than 3 OFDM symbols. A CCE size is 6 but more than 16 CCEs are aggregated.

Option 3) Multiple CORESETs with the same search spaces with same utilized CCE locations are bundled.

In option 1, UE should support new CORESET with extended CCE size in addition to current CORESET. In option 2, UE should support new CORESET with larger aggregation levels. Compared to option 3, option 1 and option 2 have larger spec impact and UE complexity. In option 3, multiple search spaces can be contiguous or non-contiguous in time domain. CORESET can be shared with other than URLLC (because CORESET structure is same). For precoding, option 1 and option 2 are rather natural extension of current design. However, in option 3, even in a slot, same precoding to improve channel estimation or different precoding for spatial diversity can be configured. To have the same search space configuration itself is possible with current spec but the missing point is the knowledge for UE that these search spaces/CORESETs are same transmission for "bundle" them.  Among CORESETs for repetition, multiple transmission points with different QCL could be also possible in option 3. Such operation would be discussed in MIMO WI. 

Proposal 2: PDCCH repetition is supported. Multiple CORESETs with the same search space with same utilized CCE locations are bundled. 
3
UCI enhancements
3.1 PUCCH reliability enhancement

HARQ is one of well-known techniques to ensure reliability of data transmission. For eMBB use case, the system will be designed mainly to offer high data rate transmission and/or high resource utilization efficiency. For such operation, initial transmission BLER target of 1E-1 is typical setting and allow achieving the high reliability target (such as 1E-5), for example by using several HARQ retransmissions. For URLLC use case, reducing the latency while providing high reliability target is required. In Rel.15, the target URLLC data size is limited to 32 bytes. In such use case, to operate lower initial BLER of data is more acceptable as it is less resource usage impact. Then, initial transmission BLER target of 1E-5 without considering HARQ retransmission could be claimed as acceptable. On the other hand, in Rel.16, URLLC data size up to 256 bytes is required for some use cases. In this case, lower initial BLER of data requires much large resource usage. Therefore, relatively higher initial BLER target operating with fast HARQ-ACK operation would be beneficial for improving the resource usage efficiency. In order to achieve low latency requirement with a spectrum-efficient manner, initial transmission BLER target of relatively high (such as 1E-1 or 1E-2) and allow achieving the high reliability target by using retransmission (for example one at maximum) would be reasonable. Based on reliability region analysis in [6, 7], reliability constraint for HARQ-ACK feedback is different depending on latency and/or reliability requirement for initial data (or instantaneous) transmission. Assuming there is time for one HARQ retransmission to meet the latency requirement and total BLER of 1E-5 for data transmission, a higher BLER target for performing initial transmission entails higher reliability requirement for HARQ-ACK feedback.

Proposal 3: PUCCH reliability enhancement should be supported in Rel.16 URLLC.

For PUCCH reliability enhancement, we think following techniques could be considered.

· PUCCH format 0 with longer sequence

· PUCCH format 0 or 2 repetition within a slot

· PUCCH format 2 multi-cluster (distributed) transmission
PUCCH format 0 with longer sequence

In Rel.15, only 1 PRB (12-length sequence) is supported for PUCCH format 0. Based on our evaluation [7], for PUCCH format 0, the longer sequence length such as 24 (with 2 PRB) or 48 (with 4 PRB) is effective for inter-cell interference mitigation and can achieve better required SINR compared to the sequence length of 12 (with 1 PRB). To ensure good performance in interference limited condition is quite essential for achieving higher reliability PUCCH.

Repetition within a slot

In Rel.15, PUCCH format 0 and 2 supports up to 2-symbol structure. For more reliability enhancement while keeping low latency, repetition within a slot could be considered. On the other hand, NR already supports long PUCCH for more than 3 symbols. Then, the gain to have short-PUCCH repetition within a slot compared to use long-PUCCH should be justified.

Multi-cluster (distributed) transmission

In RAN1#88bis, to support both localized and distributed (non-contiguous) allocation for PUCCH format 2 was agreed. On the other hand, the distributed allocation was deprioritized and not specified in Rel.15. Distributed transmission would be beneficial especially for 1-symbol PUCCH transmission due to the larger frequency diversity gain and the difficulty of frequency hopping.

Proposal 4: For PUCCH reliability enhancement, following techniques could be considered.

· PUCCH format 0 with longer sequence

· PUCCH format 0 or 2 repetition within a slot

· PUCCH format 2 multi-cluster (distributed) transmission
3.2 UCI multiplexing/handling enhancement

In RAN1#94bis, following was agreed on UCI enhancement.

Agreements:

· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.

Agreements:

· 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
In Rel.15 NR specification, the number of PUCCH with HARQ-ACK within a slot is limited to one. If there are HARQ-ACKs with different latency and/or reliability requirement in the same slot, HARQ-ACK codebook is determined without any consideration of latency and/or reliability requirement and these HARQ-ACKs are multiplexed in one PUCCH.

In Rel.16 URLLC, in order to ensure latency and/or reliability requirement for URLLC, different handling of HARQ-ACK with different latency and/or reliability within a slot should be considered. For example, increased number HARQ-ACK transmission possibilities within a slot (i.e., relaxing the number of HARQ-ACK transmission within a slot) is necessary. It should be allowed to transmit multiple PUCCHs for HARQ-ACKs with different latency and/or reliability within a slot. In this case, PUCCH resources for different latency and/or reliability requirement are TDMed/FDMed/CDMed with in a slot. PUCCH resource set determination could also be differentiated. Even if only one PUCCH with HARQ-ACK is allowed in a slot, HARQ-ACK transmission procedure such as encoding or resource mapping should be differentiated. Tx prioritization methods such as cancellation or puncturing of overlapped PUCCH resource could also be considered to ensure the performance UCI reliability for URLLC.

There is also no specific handling considering different latency and/or reliability requirement (such as eMBB and URLLC) for UCI multiplexing on PUSCH in Rel.15 NR specification. However, for Rel.16 URLLC, in order to ensure latency and/or reliability requirement for URLLC, different handling of UCI and PUSCH with different latency and/or reliability should be considered.

For URLLC PUCCH overlapping eMBB PUSCH case, URLLC UCI performance would be controlled by using beta-offset and alpha-factor (upper bound on the resource usage of UCI on PUSCH). Until the URLLC UCI resource usage reaches to the upper bound, to increase beta-factor can increase the URLLC UCI performance. After reaching the upper bound, to increase alpha-factor can increase the URLLC UCI performance. One possibility for UCI multiplexing on PUSCH enhancement would be to differentiate beta-offset and/or alpha-factor depending on latency and/or reliability requirement. The other possibility is Tx prioritization such as dropping or puncturing eMBB PUSCH.

For eMBB PUCCH overlapping URLLC PUSCH case, URLLC PUSCH performance would be ensured by using alpha-factor. In order to ensure URLLC PUSCH performance, one possibility would be to differentiate alpha-factor depending on latency and/or reliability requirement. The other possibility is Tx prioritization such as dropping or puncturing eMBB UCI. It might be realized by former possibility by having alpha-factor = 0.

For URLLC PUCCH overlapping URLLC PUSCH case, according to reliability region analysis in [5, 6], reliability constraint for HARQ-ACK feedback may be different depending on latency and/or reliability requirement for initial data (PDSCH) transmission. In this case, even in both UCI and UL data for URLLC, different handling of UCI and PUSCH with different latency and/or reliability considering UCI requirement and PUSCH requirement would be necessary.
In Rel.15 NR specification, for the overlap between multi-slot PUCCH repetition and single-/multi-slot PUSCH case, PUSCH is dropped. On the other hand, for PUSCH transmission especially for URLLC purpose, different priority handling is also desirable in order to ensure latency and/or reliability requirement for URLLC.

Proposal 5: In order to increase number of HARQ-ACK transmission possibilities within a slot, following could be studied.

· PUCCH resources for different latency and/or reliability requirement are TDMed/FDMed/CDMed with in a slot.

· PUCCH resource set determination is differentiated depending on latency and/or reliability requirement.
Proposal 6: For enhanced HARQ-ACK reporting in case of no UL-SCH, in addition to enabling more than one PUCCH for HARQ-ACK transmission within a slot, following should be studied.

· Multiplex UCI bits of different latency and/or reliability requirement, which are generated from different encoders, in one PUCCH

· Tx prioritization methods such as cancellation or puncturing of overlapped PUCCH resource

Proposal 7: For enhanced HARQ-ACK reporting with UL-SCH (PUCCH and PUSCH), following should be studied.

· Tx prioritization methods such as cancellation or puncturing of overlapped PUSCH/PUCCH resource

· Enhancement of UCI piggyback on PUSCH mechanism for handling different latency and/or reliability requirement, i,e., beta-offset and/or alpha are differentiated depending on latency and/or reliability requirement.

· Enhancement of multi-slot PUCCH and single/multi-slot PUSCH overlapping handling
4
PUSCH enhancements
4.1 Repetition
One of the scopes for potential enhancements is related to mini-slot repetition of PUSCH within a slot. In this section, we provide the motivation to support repetition of PUSCH within a slot and potential enhancements to repetition mechanism for further improving the reliability and/or latency to satisfy the new requirements of NR URLLC. When the repetition within a slot is combined with the other physical layer techniques, more flexibility with better gains could be achieved. 

DMRS sharing in repetitions
In conventional repetition, the same transport block (TB) is transmitted in all the repetition rounds along with same DMRS configuration. However, this might lead to sub-optimality in terms of DMRS overhead. For example, as shown in Figure 4.1, in case of 2-symbol PUSCH with initial transmission and 6 repetitions, the DMRS overhead is 50%, which is very high. Even for high mobility UEs, such high density of DMRS is not required. 

Observation 1: Conventional repetition can lead to very high DMRS overhead in certain scenarios where the length of PUSCH is quite short.

One possible enhancement to conventional repetition is to allow the flexibility to remove DMRS from certain repetitions depending up on the channel conditions and reliability requirements. As an example, if it is allowed to remove DMRS from certain repetitions in case of 2-symbol PUSCH with initial transmission and 6 repetitions, one of the possibility could look like Figure 4.2. This flexibility will not only allow to control the DMRS overhead, but additionally give more flexibility in terms of DMRS configurations that are currently not supported in NR Rel. 15. Furthermore, the overall latency is also reduced by allowing such flexibility. The repetition rounds without the DMRS will share the last available DMRS for channel estimates. 
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Figure 4.1 Example repetition within a slot                                           Figure 4.2 Example of DMRS removal from   certain repetitions within a slot
Observation 2: For repetition within the slot for PUSCH mapping type B, removal of DMRS from certain repetition rounds will allow to reduce the DMRS overhead and provide more flexibility in terms of DMRS configurations, which are not possible currently in NR Rel. 15.

Observation 3: For repetition within the slot for PUSCH mapping type B, removal of DMRS from certain repetition rounds will also allow to reduce the overall latency and make the resources available for other URLLC/eMBB traffic in the pipeline.

Proposal 8: For repetition within the slot for PUSCH mapping type B, DMRS sharing between repetitions should be supported.

Inter-repetition frequency hopping within a slot
For PUSCH mapping type B, frequency diversity gains can be further exploited if frequency hopping between repetitions is allowed within a slot. It would give the flexibility to schedule each repetition on two or more hops depending up on the size of the bandwidth part, as shown in Figure 4.3. Basically, more configurations could be possible in comparison to single transmission within a slot.
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Figure 4.3 Repetition with frequency hopping

Inter-repetition beam hopping within a slot
Another benefit of using repetition within a slot is that each repetition can be transmitted on a different beam to achieve more spatial diversity gain which is not possible in case of single transmission. For example, as shown in Figure 4.4, if single transmission and 4 repetitions are allowed within a slot, then two different beams can be utilized for each transmission and thus attaining more spatial diversity and potentially improved reliability. 

[image: image4.emf]slot N

Initial PUSCH

 transmission 

on beam 1

PUSCH DMRS symbol

PUSCH data symbol

1

st

 PUSCH 

rep. on 

beam 2

2

nd 

PUSCH 

rep. on 

beam 1

3

rd

 PUSCH 

rep. on 

beam 2

4

th

 PUSCH 

rep. on 

beam 1


Figure 4.4 Repetition with beam hopping
Proposal 9: For PUSCH mapping type B, repetition within the slot combined with other physical layer techniques such as frequency hopping and beam hopping should be supported.

4.2 Inter-repetition BWP hopping 

In NR Rel. 15, up to four BWPs can be semi-statically configured for each UL and DL. The size of the BWPs is mainly dependent up on the traffic size. For relatively smaller packets, narrower BWP is sufficient, while larger packets require relatively wider BWP. From a UE perspective, only one of the configured BWPs is active for each UL and DL in a given TTI. Currently, multiple active BWPs are not allowed. However, BWP switching/hopping is dynamically allowed between different transmissions by using DCI signalling or an expiry timer. 

One benefit of hopping between different BWPs is more frequency diversity, especially when the BWPs are quite narrow. Frequency hopping has been used in LTE in order to achieve diversity gains and as a result improve coverage and reliability. In NR, the frequency hopping within an active BWP is already agreed to be used for PUSCH and PUCCH. Frequency hopping within an active BWP can provide diversity gains, but the gains can be limited, especially when narrow BWP is active, which is usually configured for small data packet scenario. Therefore, for achieving increased diversity gains with narrow BWP, inter-BWP hopping could be quite beneficial. One of the identified use-cases of URLLC in NR is factory automation which has relatively small packet requirements up to 20 bytes [7]. In such cases, it is better to use narrow BWP. 

Observation 4: When narrow BWP is configured for small data packet scenario such as factory automation in NR URLLC, then hopping between different BWPs for retransmission and repetition can increase diversity gains and further improve reliability.
Current limitation of BWP switching
In NR Rel. 15, switching between different BWPs is dynamically possible by bit indication in the DCI. For low-latency applications, it might not be feasible to wait for the reception and decoding of DCI for switching to different BWP. Furthermore, if repetition is supported for data channel transmission, no control channel with DCI is transmitted during the repetition. Therefore, it is not even possible to switch to different BWP for repetition rounds.
Observation 5: For low-latency applications, DCI-based inter-BWP hopping is not suitable, as it will increase the latency due to the decoding of DCI in order to switch/hop between different BWPs.
Faster BWP hopping for repetition and retransmission

In order to enable faster switching/hopping between different BWPs or support BWP switching in the absence of DCI before repetition round, new mechanism is needed. Also, from URLLC perspective, it is not feasible to have DCI with BWP index bits for every corresponding retransmission, as this would further increase the DCI size instead of having a more compact DCI for URLLC. Therefore, possible ways to allow such hopping should consider following factors:

· No additional signalling in the DCI

· Faster inter-BWP hopping by eliminating the need to decode DCI for switching

One possible solution to allow for faster inter-BWP hopping could be to pre-define different hopping patterns and signal them via higher layer signalling. In addition, there could 1-bit flag in the higher layer signalling to enable or disable the use of these hopping patterns.

Proposal 10: Faster inter-BWP hopping should be supported for retransmissions and repetition of data and/or control channels by defining pre-configured hopping patterns and signalling them via higher layer signalling.

5
Uplink power control
In order to fulfill the URLLC requirement, URLLC UL needs specific power control to set higher transmission power than eMBB UL. However, Rel.15 didn’t address specifically. In this section, we discuss how to signal the URLLC transmission power boosting. 
Grant-based PUSCH with SRI field

For DCI format 0_1, SRI field is available and it can be used to boost URLLC transmission power via open-loop parameters, 
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which can be selected dynamically by SRI field. gNB can configure higher values for these open-loop parameters to fulfil power boosting purpose. 
However, DCI format 0_1 is larger payload size and grant reliability itself is not achieved or the resource for grant can be very large. The past evaluation in [8] shows using DCI payload size 30 to 40 bits with aggregation level 8 or 16 (i.e. it corresponds to DCI format 0_0 size) merely meet the requirement which required SINR at target BLER=1E-5 is under -2.6dB (i.e., 5% CDF DL geometry). Therefore, DCI format 0_0 which is grant-based PUSCH without SRI Field is very important to fulfil URLLC requirement.

Grant-based PUSCH without SRI field 

For DCI format 0_0, a fixed open-loop parameter set (i.e., 
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) is used regardless of eMBB or URLLC. Therefore, gNB cannot dynamically indicate suitable open-loop parameter according to traffic type (i.e., eMBB or URLLC).
In RAN1#93 meeting, for URLLC, for grant-based transmissions, it was agreed to introduce new RNTI (MCS-C-RNTI) which is used to choose new MCS table (MCS index table 3 for PDSCH or MCS index table 2 for PUSCH) [9]. For indicating the open-loop parameters according to traffic type, new RNTI or new MCS table should be used as the identification of URLLC. For example, if UL grant is scrambled by new RNTI, the UE determines the value of PC parameter set for URLLC. Otherwise, the UE determines the values of PC parameter set for eMBB.

Proposal 11: In case of DCI format 0_0, new RNTI (MCS-C-RNTI) or new MCS table (MCS index table 3 for PDSCH or MCS index table 2 for PUSCH) is used to differentiate open-loop parameter sets.

Grant-free PUSCH 

Although the difference of UL-TWG-Type1 or UL-TWG-Type2 are used for eMBB or URLLC is one approach, UL-TWG-Type1 and UL-TWG-Type2 cannot be configured for the same cell at the same time [10]. Therefore, if multiple configuration of the same grant-free type for eMBB and URLLC are set to a UE, gNB cannot dynamically indicate suitable open-loop parameter according to traffic.
One less spec impact approach is specific grant-free resource is tied to specific open-loop parameter according to traffic type. In case multiple UL-TWG-Type2 are configured for eMBB and URLLC, one approach is that to introduce new CS-RNTI and use it for URLLC identification. The other approach is that the flag to indicate whether configured resource is URLLC or eMBB is added to DCI.
Proposal 12: In case of grant-free PUSCH, certain L1 identification mechanism is needed to implicitly signal URLLC UL power boosting.

Proposal 13: Linking grant-free resource with specific open-loop parameter or introducing new CS-RNTI for URLLC or URLLC identification by the flag is added to current DCI format should be considered.
LTE-NR Dual connectivity 

In LTE-NR dual connectivity, LTE is always higher priority and NR is lower priority. When URLLC is operated in NR but still LTE is prioritized and possible power shortage of NR is unreasonable operation. To allow more power to NR via reserving certain power in NR or some more interaction between LTE and NR components should be considered. 
Proposal 14: For LTE-NR dual connectivity, the priority rule between NR URLLC and LTE should be revisited.
6
Conclusion 
Here we summarize the observations and proposals that have been presented in the sections above:
PDCCH enhancements
Proposal 1: Further Compact DCI is not supported. DCI format 1_0 and 0_0 size can be reused.
Proposal 2: PDCCH repetition is supported. Multiple CORESETs with the same search space with same utilized CCE locations are bundled. 
UCI enhancements
Proposal 3: PUCCH reliability enhancement should be supported in Rel.16 URLLC.
Proposal 4 For PUCCH reliability enhancement, following techniques could be considered.

· PUCCH format 0 with longer sequence

· PUCCH format 0 or 2 repetition within a slot

· PUCCH format 2 multi-cluster (distributed) transmission
Proposal 5: In order to increase number of HARQ-ACK transmission possibilities within a slot, following could be studied.

· PUCCH resources for different latency and/or reliability requirement are TDMed/FDMed/CDMed with in a slot.

· PUCCH resource set determination is differentiated depending on latency and/or reliability requirement.

Proposal 6 For enhanced HARQ-ACK reporting in case of no UL-SCH, in addition to enabling more than one PUCCH for HARQ-ACK transmission within a slot, following should be studied.

· Multiplex UCI bits of different latency and/or reliability requirement, which are generated from different encoders, in one PUCCH

· Tx prioritization methods such as cancellation or puncturing of overlapped PUCCH resource
Proposal 7 For enhanced HARQ-ACK reporting with UL-SCH (PUCCH and PUSCH), following should be studied.

· Tx prioritization methods such as cancellation or puncturing of overlapped PUSCH/PUCCH resource

· Enhancement of UCI piggyback on PUSCH mechanism for handling different latency and/or reliability requirement, i,e., beta-offset and/or alpha are differentiated depending on latency and/or reliability requirement.

· Enhancement of multi-slot PUCCH and single/multi-slot PUSCH overlapping handling
PUSCH enhancements
Observation 1: Conventional repetition can lead to very high DMRS overhead in certain scenarios where the length of PUSCH is quite short.

Observation 2: For repetition within the slot for PUSCH mapping type B, removal of DMRS from certain repetition rounds will allow to reduce the DMRS overhead and provide more flexibility in terms of DMRS configurations, which are not possible currently in NR Rel. 15.
Observation 3: For repetition within the slot for PUSCH mapping type B, removal of DMRS from certain repetition rounds will also allow to reduce the overall latency and make the resources available for other URLLC/eMBB traffic in the pipeline.
Observation 4: When narrow BWP is configured for small data packet scenario such as factory automation in NR URLLC, then hopping between different BWPs for retransmission and repetition can increase diversity gains and further improve reliability.
Observation 5: For low-latency applications, DCI-based inter-BWP hopping is not suitable, as it will increase the latency due to the decoding of DCI in order to switch/hop between different BWPs.
Proposal 8: For repetition within the slot for PUSCH mapping type B, DMRS sharing between repetitions should be supported.
Proposal 9 For PUSCH mapping type B, repetition within the slot combined with other physical layer techniques such as frequency hopping and beam hopping should be supported.
Proposal 10 Faster inter-BWP hopping should be supported for retransmissions and repetition of data and/or control channels by defining pre-configured hopping patterns and signalling them via higher layer signalling.
Uplink power control
Proposal 11: In case of DCI format 0_0, new RNTI (MCS-C-RNTI) or new MCS table (MCS index table 3 for PDSCH or MCS index table 2 for PUSCH) is used to differentiate open-loop parameter sets.

Proposal 12 In case of grant-free PUSCH, certain L1 identification mechanism is needed to implicitly signal URLLC UL power boosting.

Proposal 13 Linking grant-free resource with specific open-loop parameter or introducing new CS-RNTI for URLLC or URLLC identification by the flag is added to current DCI format should be considered.

Proposal 14 For LTE-NR dual connectivity, the priority rule between NR URLLC and LTE should be revisited.
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