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Introduction
In the RAN #80 meeting, a new SID on NR URLLC was approved [1], further use cases with tighter requirements have been identified as an important feature for NR evolution. Necessary SLS and LLS evaluations should be needed. Besides, enhanced URLLC PHY schemes will be under evaluation in further study, focusing on PDCCH, UCI, PUSCH, & scheduling/HARQ/CSI processing timeline.  
In this contribution, we mainly discuss SLS evaluation method, PDCCH, PUCCH and PUSCH enhancement.
Evaluation assumptions for URLLC
2.1 Discussion on URLLC Use Cases and Deployment Scenarios
According to the new SID, URLLC based on NR technology are targeted to serve higher requirements on use cases including Factory automation, Transport Industry and Electrical Power Distribution. The following system level deployment scenarios were agreed for R15 URLLC evaluation:
· Indoor Hotspot scenario
· Urban Macro scenario
In the SID [1], it states that “For these use cases improved areas have been identified for L1. TSG SA WG1 has been also addressing the requirements for enhanced URLLC work, as captured in TS 22.804.”.  In 22.804, there is indoor-hotspot scenario for factory automation and urban-macro scenario for electrical power introduced. The 2 scenarios are well correspondent to Rel-15 URLLC evaluation. We can use them as a starting point for R16 URLLC evaluations. For urban macro associated with highway configuration, we consider some of the advance features are related to the vehicular communication and may relate to wider scope. We can consider evaluating basic functions for Transport Industry under the above 2 scenarios with some necessary extension.
In general and from deployment scenarios of R15 URLLC, local area deployment should be evaluated for the typical R16 URLLC use cases.
Proposal 1: For system level simulation, the deployment scenarios including indoor hotspot and urban macro of Hexagon Grid are used forR16 URLLC evaluations. Some extension of the scenarios can be considered.
2.2 Performance metric and traffic model
Performance metric
According to the simulation assumptions in LTE URLLC WI phase [2], the system level evaluation methodologies to compute the reference SINR of LTE URLLC were extensively discussed. And specific steps were listed: 
[bookmark: OLE_LINK1]Step1: Run downlink or uplink full buffer system-level simulations of candidate sites using the evaluation parameters of Urban Macro-URLLC test environment, and collect overall statistics for downlink or uplink SINR values, and construct CDF over these values.
Step2: Use the CDF for the Urban Macro-URLLC test environment to save the 5th percentile downlink or uplink SINR value.
 Step3: Use the 5th percentile downlink or uplink SINR value to evaluate link level simulation. The method is based on ITU evaluation methodology [3]. 
As shown in [4], the performance metric for R16 NR URLLC evaluation also includes the number of users satisfying reliability and latency requirement per a certain bandwidth. 
[bookmark: OLE_LINK2]And as analyzed in [5], due to the stringent requirement (0.5ms~1ms latency and 99.9999% reliability) for URLLC, we can only evaluate the UE with DL geometry > -3 dB and pathloss <140dB excluding edge UEs to ensure the QoS.  
[bookmark: OLE_LINK3]Using ITU evaluation methodology of LTE URLLC is also commonly used in NR Rel-15 URLLC evaluation. If we consider other solutions, it be should be firstly defined for R16 URLLC performance metric. 
Traffic model
In the case of ITU evaluation methodology of SINR CDF distribution derivation, full buffer traffic model can be used. In the case of evaluation methodology of UPT or packet loss rate, aperiodic or periodic traffic model should be modeled.
Proposal 2: Using ITU evaluation methodology of LTE URLLC could be a baseline. RAN1 need to decide the exact evaluation methodology to evaluate R16 URLLC.  
PDCCH enhancement
[bookmark: OLE_LINK48][bookmark: OLE_LINK57][bookmark: OLE_LINK12][bookmark: OLE_LINK87][bookmark: OLE_LINK15][bookmark: OLE_LINK58][bookmark: OLE_LINK90][bookmark: OLE_LINK89][bookmark: OLE_LINK88][bookmark: OLE_LINK105]Potential methods for improving reliability include higher aggregation levels, compact DCI and PDCCH repetition, which may be used independently or together with each other. As observed in [6][7], about 0.5dB gain can be obtained by a compact DCI with 10 bits payload reduction from a normal DCI size of 40bits and about 3dB can be obtained by a 2-times repetition compared with a single transmission from BLER of 1e-2 to 1e-5. Whether higher aggregation levels can be employed depends on availability of the resources. CCE occupies 6 PRBs in one symbol. There are not enough resource for using AL16 (Aggregation Levels = 16 CCE) in some cases, e.g.1-OS CORESET in10MHz BWP with 15 kHz SCS or 3-OS CORESET in 20 MHz BWP with 60 kHz SCS. In other words, AL8 would be more practical and desirable in some cases. However in [6], we find that the 1e-5 reliability cannot be fulfilled by AL8 with compact DCI even at a reference SINR -2dB. Then compact DCI and/or PDCCH repetition seems an indispensable solution. 
3.1 Compact DCI
As discussed in [6], the fields in compact DCI can be reduced or removed from fallback DCI (DCI format 0-0/1-0). The minimum possible fields of UL grant and DL assignment are listed in Table 1.
Table 1 Compact DCI for UL grant and DL assignment (BWP=100PRB)
	Field for UL grant
	Bits
	Field for DL assignment
	Bits

	Header/Identifier for DCI format
	1
	Header/Identifier for DCI format
	1

	Frequency domain resource assignment
	7
	Frequency  domain resource assignment
	7

	Time domain resource assignment
	2
	Time domain resource assignment
	2

	Frequency hopping flag
	1
	VRB-to-PRB mapping
	1

	Modulation and coding scheme
	4
	Modulation and coding scheme
	4

	Redundancy version
	
	Redundancy version
	

	New data indicator
	1
	New data indicator
	1

	HARQ process number
	2
	HARQ process number
	2

	TPC for scheduled PUSCH
	2
	TPC for scheduled PUCCH
	2

	UL/SUL indicator
	0
	Downlink assignment index
	0

	
	
	PUCCH resource indicator
	0

	
	
	PDSCH-to-HARQ timing
	0

	Repetition indicator
	2
	Repetition indicator 
	2

	CRC
	24
	CRC
	24

	Total
	22+24=46
	22+24=46



· Frequency domain resource assignment


Type 1 resource allocation is approved in fallback DCI and Frequency domain Resource Allocation (FRA) granularity is 1 RB. Like LTE short TTI/URLLC, can be introduced in resource allocation with larger size and the payload size of FRA can be reduced. Considering the system capacity and scheduling flexibility, the recommended value of recommends can be listed in Table 2 and reduced size of FRA can be from 2 to 8bits.
Table 2 Payload of RA in different system bandwidth
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz
	50MHz

	Payload of RA in fallback DCI
	9
	11
	12
	13
	16

	

	2
	4
	8
	8
	16

	Payload of RA in compact DCI
	7
	7
	6
	7
	8



· Time domain resource assignment
The starting slot, starting symbol and length are indicated by Time domain Resource Allocation (TRA). Due to the low latency requirement of URLLC, the default value of K0 can be 0, value of K2 can be 0 or 1, and the default mapping type of PDSCH/PUSCH can be type B. Other values are less applicable for URLLC services. Thus, this can be smaller. For example, it can be up to 4 rows and payload of time domain resource assignment is up to 2 bits in compact DCI.
· Modulation and coding scheme and Redundancy version 
For URLLC scenario, it is preferable that redundancy versions with incremental redundancy are supported for LDPC coding or polar coding. RV can bring performance gain by incremental redundancy. However, mainly lower code rates are used in URLLC scenario. Thus the number of RVs could be limited for certain code rates. According to [8], reduced size of DCI is up to 3 bits when careful MCS&RV joint coding is introduced.
· Other fields
HARQ process number can be reduced,such as 2bits. Downlink assignment index, PDSCH-to-HARQ feedback timing indicator and PUCCH resource indicator can be removed for URLLC. 
The main indicators of URLLC are ultra-reliability and low latency. Since URLLC needs shorter HARQ round trip time than eMBB, the number of HARQ processes should be reduced. In addition, high data rate is not the main indicator of URLLC, and field for HARQ process number can be reduced to 2bits. In addition, traffic channel repetition indicator can be added to compact DCI to adjust repetition times more flexible.
Observation 1: The fields can be reduced from fallback DCI including, frequency domain resource assignment, Time domain resource assignment, HARQ process number, Modulation and coding scheme and Redundancy version.
Observation 2: Some fields can be considered to be removed from fallback DCI. Those can include: UL/SUL indicator, Downlink assignment index, PUCCH resource indicator and scheduling/HARQ timing.
Observation 3: Compare with fallback DCI, it is feasible to have compact DCI with 10 bits less. 
Proposal 3: Compact DCI for NR URLLC can be achieved by field reduction of fallback DCI in Resource allocation, scheduling/HARQ Timing, HARQ process number, DAI and PUCCH resource fields and with including a configurable repetition indicator field.
3.2 PDCCH repetition
As discussed in [7], two schemes for PDCCH repetition are suggested. One is PDCCH repetition within the same PDCCH monitoring occasion across multiple Search Spaces on different CORESETs, which is better from the low latency point of view but difficult for the UE without the capability of a wide-BWP. The other is PDCCH repetition across multiple PDCCH monitoring occasions of the same Search Space and CORESET, which is benefit for multiplexing in frequency domain for multiple users at the same time but with more latency for each UE.
If the second scheme is used, the start occasions for PDCCH repetition need to be determined. Overall, if any starting symbol/occasion is supported in case of PDCCH repetition, the complexity of UE processing will be increased significantly. Thus, starting symbol/occasion should be limited for PDCCH repetition. Different with eMTC/NB-IoT, a small number of repetition such as R = 2 or 3 are enough for URLLC. Additional latency of TTI alignment would be introduced. Starting symbol/occasion can be determined like eMTC with T = Rmax and offset = 0. PDCCH repetitions are across R occasions and all occasions are determined by 14-bit bitmap first symbols in Search Space configuration.
Proposal 4: Starting symbol/occasion should be limited for PDCCH repetition across multiple PDCCH monitoring occasions of the same Search Space and CORESET.
[bookmark: OLE_LINK71]Take Rmax = 4 for example, DL transmission with both PDCCH repetition and PDSCH repetition can be achieved by 2 possible alternatives. 
[bookmark: OLE_LINK75][bookmark: OLE_LINK55]Alt.1: PDSCH repetition can only starts at the end of PDCCH repetition, which is shown in Figure 1. As for Alt 1a, PDCCH repetition only occurs in the time domain and can be supported by configuring multiple first symbols of the CORESET. Both time and frequency domain are used for PDCCH repetition in Alt.1b and this may be used in case the time resource for a CORESET is not very sufficient.
[bookmark: OLE_LINK108][bookmark: OLE_LINK72]Alt.2: PDSCH repetitions start before the end of PDCCH repetition. For Alt.2, repetition for PDCCH and repetition for PDSCH can be started before the end of PDCCH repetition by indication K0 less than 0. For example, PDCCH repetition and PDSCH repetition start simultaneously, which is elaborated in Figure 2. If K0 is not included in compact DCI, then K0 can be default equal to -(RPDCCH-1) where RPDCCH is the number of PDCCH repetition.
[image: ]
Figure 1 PDSCH repetition starts at the end of PDCCH repetition
[image: ]
[bookmark: OLE_LINK98][bookmark: OLE_LINK82]Figure 2 PDCCH repetition and PDSCH repetition start simultaneously
[bookmark: OLE_LINK99][bookmark: OLE_LINK111]Proposal 5: It is supported that repetition for PDCCH and repetition for PDSCH start simultaneously in time for URLLC.
PUCCH enhancement
[bookmark: OLE_LINK4]Considerations on enhanced HARQ feedback methods for partially overlapped PUCCH and PUSCH is taken into account in URLLC study.
4.1 Increased number of HARQ-ACK possibilities within a slot
[bookmark: OLE_LINK9]In the current NR R15 [10], it is agreed that a UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. Then, current HARQ-feedback transmission framework is also under that assumption. In Rel-16, we are increasing the number of transmission of HARQ-ACK opportunities. 
NR supports Type 1 Semi-static codebook and Type 2 Dynamic codebook. Both codebook based methods use a single PUCCH resource for the transmission of HARQ bits accumulated over previous transmissions and/or monitoring occasions. The PUCCH resource determination is based on a PUCCH resource indicator field in a last DCI format 1_0 or DCI format 1_1, among the DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission. This framework is not suitable for enhanced URLLC, as there is only one UL opportunity for the HARQ-feedback bits to be transmitted in an UL slot. 


[bookmark: OLE_LINK31]Figure 3: Existing HARQ-ACK feedback

To allow that one UE can transmit more than one PUCCH with HARQ-ACK information in one slot, the time domain indication of PUCCH Resource should be increased in slot. Candidate schemes could be a time-domain indication of more than 1 group of OFDM symbols per slot. Another possibility is a K1 offset in number of symbols.
[bookmark: OLE_LINK10][bookmark: OLE_LINK14]Proposal 6: To allow that one UE can transmit more than one PUCCH with HARQ-ACK information in one slot, the time domain indication of PUCCH Resource should be increased in slot.
4.2 Enhanced for Partial Overlap between PUCCHs/PUSCHs due to URLLC

[bookmark: OLE_LINK36]In the current NR R15 [10], if multiple PUCCHs/PUSCHs time domains overlap in one slot, and these PUCCH channels also satisfy the timing requirements, they will be combined into one PUCCH resource. The first symbol of the earliest PUCCH, between multiple PUCCHs, is not before symbol after a last symbol of any corresponding PDSCH. Then the multiple PUCCHs can be multiplexed into one PUCCH resource. For example, in Figure 4, PUCCH1 and PUCCH2 are time-domain overlapping and satisfy the above timing requirements, such that PUCCH1 and PUCCH2 are multiplexed into a new PUCCH. Obviously, either PUCCH3 or PUCCH4 can be used as a new PUCCH.


[bookmark: OLE_LINK33]Figure 4: Existing timing requirements and selection of new PUCCH
Larger latency as PUCCH4 would be too much for URLLC. In that case, it is better to select PUCCH3 as the new PUCCH if both PUCCH3 and PUCCH4 meet the timing requirements.
[bookmark: OLE_LINK37]Further, in order to achieve optimal PUCCH multiplexing, the above method should be standardized by setting additional timing requirements. In Figure 5, the additional timing requirement could be certain number of symbol after original URLLC PUCCH.


[bookmark: OLE_LINK34]Figure 5: Additional timing requirements and selection of new PUCCH

Proposal 7: When PUCCHs with URLLC are included in overlapping PUCCHs, these PUCCHs are multiplexed in a new PUCCH when the followings are met:
· Existing time line.
· And the end position of the new PUCCH should not later than the URLLC PUCCH for a number of symbols.
4.3 SR (URLLC) overlaps with one or multiple slots PUCCH format 3/4
For NR, if a UCI transmission on PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps with SR resources, A SR will be selected and jointed coded.  For multiple-slots PUCCH, the joint coding is not feasible if SR only overlap some of slots.
In NR we can consider a unified solution for both single/multiple slots PUCCH overlapping with URLLC SR. For each overlapping slot in which PUCCH transmission for UCI with format 3 or 4 overlaps with one or more configured SR resources, the PUCCH transmission for UCI with format 3 or 4 is punctured. The punctured REs can be used for transmitting 1 or multiple bits SR(s). 


Figure 6: one or more SR resources overlapped with PUCCH transmission for A/N with format 3/4 in slot(s)
Proposal 8: For URLLC, the SR(s) multiplexed with the PUCCH transmission across single or multiple slot(s) for UCI with format 3 or 4, the PUCCH transmission for UCI with format 3 or 4 is punctured for SR(s) transmission in the overlapped slot(s). 
4.4 CQI reporting enhancement  
With HARQ operation, gNB will schedule a retransmission after receiving the NACK from UE. One of the reasons for the decoding failure is that the CQI reporting of the gNB scheduling PDSCH reference does not match the channel quality of actual transmission. In order to ensure reliability of URLLC, the gNB needs more accurate CQI when the gNB schedules a retransmission. Smaller periodic of CQI reporting can improve the accurate problem, but it will waste resource. Meanwhile, normal aperiodic CQI reporting may increase latency after receiving the NACK. Therefore, a CQI reporting enhancement needs to be introduced in URLLC.
· NACK + aperiodic CQI
If UE feeds ACK to gNB, then there is no need for more CQI. Aperiodic CQI to gNB is needed, when UE feeds NACK to gNB upon failing of decoding PDSCH. Further based on the NACK + aperiodic CQI, gNB determines the MCS parameter of retransmission. 
·  Multi-level NACK
UE feeds ACK to gNB without any CQI when UE successfully decodes the PDSCH, and ACK only have one state. UE feeds NACK to gNB when UE fails to decode PDSCH, and NACK has multiple states. Each NACK state indicates a CQI correction offset or a CQI report index as shown in Table 3 and Table 4. The CQI correction offset indicates offset between actual channel quality and CQI reporting. CQI reporting index indicates the index of CQI table [11]. If NACK state indicates a CQI correction offset, gNB corrects the CQI according to that offset. Then,  gNB determines the MCS parameter of retransmission on the corrected CQI. NACK state can also indicates a CQI report index.
Table 3 ACK and Multi-level NACK+CQI correction offset
	ACK/NACK index
	CQI correction offset

	NACK 0
	0

	NACK 1
	-1

	NACK 2
	-2

	NACK 3
	-3

	NACK 4
	-4

	NACK 5
	-5

	NACK 6
	-6

	ACK 7
	reserved


Table 4 ACK and Multi-level NACK+CQI report index
	ACK/NACK index
	CQI report index

	NACK 0
	CQI 0

	NACK 1
	CQI 1

	NACK 2
	CQI 2

	…
	…

	…
	…

	NACK 14
	CQI 14

	ACK 15
	reserved



· Determination of BLER of CQI reporting
Two BLER targets can be configured for URLLC for CSI reporting. CQI reporting has three tables [11], two of which is 10-1 BLER CQI table and the other one is 10-5 BLER CQI table. UE should assume BLER of CQI reporting. It can always assume 10-5 or the same as the BLER of PDSCH’s MCS.
Proposal 9: In URLLC HARQ process, UE can feeds NACK with CQI upon UE failing of decoding a PDSCH.
Proposal 10: The CQI BLER target of NACK+CQI is selected to be 10-5 or the same as the BLER of PDSCH’s MCS. 
PUSCH enhancement
In NR Rel-15, it was agreed that data mapping type A for PUSCH did not support more than one repetition within one slot. But for mapping type B of PUSCH is still FFS. Meanwhile, R16 SID focuses on mini-slot level repetition enhancements. Given the obvious benefits on latency, we propose to introduce repetitions within one slot at least for PUSCH mapping type B. For simplicity, the repetition resources are better to be consecutive to the first mini-slot and all repetitions have the same duration.
Proposal 11: Mini-slot repetitions within one slot should be supported for PUSCH mapping type B.
[bookmark: OLE_LINK5][bookmark: OLE_LINK16]For multiple repetitions within one slot of PUSCH mapping type B, when the remaining symbols within one slot is not enough for aggregationFactorUL=K mini-slots repetitions, in order to ensure K repetitions, the slot boundary should be crossed for multiple mini-slots repetitions of mapping type B. Considering possible collision with semi-dynamic SFI by high layer, gNB can configure transmission occasion (TO) to cross slot-boundary on UL or Flexible symbols. Meanwhile, gNB should also guarantee the TOs across slot-boundary to be in the latency boundary.
[bookmark: OLE_LINK6][bookmark: OLE_LINK17]Proposal 12: For K repetitions across the slot boundary, it should not further exceed the latency boundary.
Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1: For system level simulation, the deployment scenarios including indoor hotspot and urban macro of Hexagon Grid are used forR16 URLLC evaluations. Some extension of the scenarios can be considered.
Proposal 2: Using ITU evaluation methodology of LTE URLLC could be a baseline. RAN1 need to decide the exact evaluation methodology to evaluate R16 URLLC.  
Proposal 3: Compact DCI for NR URLLC can be achieved by field reduction of fallback DCI in Resource allocation, scheduling/HARQ Timing, HARQ process number, DAI and PUCCH resource fields and with including a configurable repetition indicator field.
Proposal 4: Starting symbol/occasion should be limited for PDCCH repetition across multiple PDCCH monitoring occasions of the same Search Space and CORESET.
Proposal 5: It is supported that repetition for PDCCH and repetition for PDSCH start simultaneously in time for URLLC.
Proposal 6: To allow that one UE can transmit more than one PUCCH with HARQ-ACK information in one slot, the time domain indication of PUCCH Resource should be increased in slot.
Proposal 7: When PUCCHs with URLLC are included in overlapping PUCCHs, these PUCCHs are multiplexed in a new PUCCH when the followings are met:
· Existing time line.
· And the end position of the new PUCCH should not later than the URLLC PUCCH for a number of symbols.
Proposal 8: For URLLC, the SR(s) multiplexed with the PUCCH transmission across single or multiple slot(s) for UCI with format 3 or 4, the PUCCH transmission for UCI with format 3 or 4 is punctured for SR(s) transmission in the overlapped slot(s). 
Proposal 9: In URLLC HARQ process, UE can feeds NACK with CQI upon UE failing of decoding a PDSCH.
Proposal 10: The CQI BLER target of NACK+CQI is selected to be 10-5 or the same as the BLER of PDSCH’s MCS. 
Proposal 11: Mini-slot repetitions within one slot should be supported for PUSCH mapping type B.
Proposal 12: For K repetitions across the slot boundary, it should not further exceed the latency boundary.
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