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1	Work plan related evaluation
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No



If you answered No:	Then please remove the Excel file from the zip file of this status report.
If you answered Yes:	Then please fill out the attached Excel template to request a modification of the time 		budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 		up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 		RAN meeting. Please highlight all changes of the values.
		One time unit (TU) corresponds to ~ 2 hours in the meeting.
		If this status report covers a WI with Core and Performance part, then please have one 		line for each in the attached Excel table.
		Note: If no Excel table is attached, then this means no time budget change.
Additional explanations/motivations for the time budget changes in the attached Excel table:


2.	Detailed progress in RAN WGs since last TSG meeting (for all involved WGs)
	NOTE: Agreements and Open issues impacted cross-TSG aspects shall be explicitly highlighted
2.1	RAN1
2.1.1	Agreements
RAN1#AH 1901
Layer 1 enhancements: Potential enhancements to PDCCH 
Agreements:
· Capture the table below in TR 38.824.
The required SINR (dB) to achieve different target BLER
	Urban Macro, carrier frequency 4 GHz, 4 Tx/4 Rx, TDL-C 300 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	1 (Huawei, R1-1900043)
	-7.5
	
	-8.1
	1e-6
	-2.2
	-4
	-
	-

	2 (ZTE, R1-1900069)
	-8.1
	-8.7
	
	1e-6
	-0.06
	-1.04
	-
	-

	3 (Intel, R1-1900493)  
	-7.9
	
	-8.6
	1e-6
	-2.282
	-2.542
	-
	-

	4 (MediaTek, R1-1900208)
	-7.5
	
	-8.5
	1e-6
	-3.1
	
	-
	-

	5 (Vivo, R1-1900126)
	-5.829
	
	-6.748
	1e-6
	-2.696
	
	-
	-

	

	6 (CATT, R1-1900331)  
	-8.3
	
	
	1e-5
	-0.3
	
	-
	-

	7 (OPPO, R1-1900281)
	-8.2
	
	
	1e-5
	-2.7
	-3.35
	-
	-

	8 (Ericsson, R1-1900158)
	-6.6
	
	-7.2
	1e-5
	
	
	-
	-

	9 (LG, R1-1900591)
	-8.6
	
	-9.4
	1e-5
	
	
	-
	-

	10 (Panasonic, R1-1900399)
	-9
	
	-10
	1e-5
	-3.3
	
	-
	-

	11 (Sequans, R1-1900680)
	-5.5
	
	-6.2
	1e-5
	
	
	-
	-

	Urban Macro, carrier frequency 4 GHz, 4 Tx/4 Rx, TDL-C 300 ns, 30 KHz, AL=16, 60 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	1 (Huawei, R1-1900043)
	-7.8
	
	-8.5
	1e-6
	-
	-
	-2
	-

	3 (Intel, R1-1900493)
	-8.2
	
	-9.2
	1e-5
	-
	-
	-2.337
	-

	Urban Macro, carrier frequency 700 MHz, 2 Tx/2 Rx, TDL-C 300 ns, 30 KHz, AL=16, 60 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	1 (Huawei, R1-1900043)
	-3.8
	
	-4.5
	1e-6
	-
	-
	-2.6
	-

	3 (Intel, R1-1900493)
	-4.3
	
	
	1e-6
	-
	-
	-2.536
	-

	Urban Macro, carrier frequency 700 MHz, 2 Tx/2 Rx, TDL-C 300 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	1 (Huawei, R1-1900043)
	-3.8
	
	-4.5
	1e-6
	-3.2
	-3.2
	-
	-

	2 (ZTE, R1-1900069)
	-5
	-5.5
	
	1e-6
	
	
	-
	-

	3 (Intel, R1-1900493)
	-3.7
	
	
	1e-6
	-2.595
	
	-
	-

	4 (MediaTek, R1-190028)
	-4.8
	
	-5.7
	1e-6
	-3
	
	-
	-

	5 (Vivo, R1-1900126)
	-1.693
	
	-2.752
	1e-6
	-1.729
	
	-
	-

	7 (OPPO, R1-1900281)
	-5
	
	
	1e-6
	-2.6
	-2.55
	-
	-

	12 (InterDigital, R1-1900803)
	
	
	-1.6
	1e-5
	-3.4
	
	-
	-

	Indoor hotspot, carrier frequency 4 GHz, 4 Tx/4 Rx, TDL-C 100 ns, 30 KHz, AL=16, 30 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	3 (Intel, R1-1900493)
	-7.5
	
	
	1e-6
	-
	
	-
	-5

	Urban Macro, carrier frequency 4 GHz, 2 Tx/4 Rx, TDL-C 300 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	13 (Samsung, R1-1812994)
	
	
	-8.1
	1e-5
	
	
	-
	-

	14 (Qualcomm, R1-1900896)
	-8.2
	-8.5
	
	1e-5
	-3
	
	-
	-

	Urban Macro, carrier frequency 4 GHz, 2 Tx/4 Rx, TDL-A 30 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	14 (Qualcomm, R1-1900896)
	-7.5
	-6.9
	
	1e-5
	-3
	-
	-
	-

	Urban Macro, carrier frequency 4 GHz, 2 Tx/2 Rx, TDL-C 300 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	12 (Samsung, R1-1812994)
	
	
	-4.7
	1e-5
	
	
	-
	-

	Urban Macro, carrier frequency 4 GHz, 2 Tx/2 Rx, TDL-D 30 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	12 (Samsung, R1-1812994)
	
	
	0.2
	1e-5
	
	
	-
	-

	Urban Macro, carrier frequency 4 GHz, 2 Tx/4 Rx, TDL-C 30 ns, 30 KHz, AL=16, 3 km/h

	Source
	40 bits
	30 bits
	24 bits
	Target BLER
	5%-tile SINR1
	5%-tile SINR2
	5%-tile SINR3
	5%-tile SINR4

	12 (Samsung, R1-1812994)
	
	
	-5.5
	1e-5
	
	
	-
	-

	Notes: 
5%-tile SINR1: The 5%-tile SINR for power distribution  
5%-tile SINR2: The 5%-tile SINR for Rel-15 enabled use case with urban Macro
5%-tile SINR3: The 5%-tile SINR for transport industry 
5%-tile SINR4: The 5%-tile SINR for factory automation



Observation:
For carrier frequency 700MHz with antenna configuration of 2 Tx/2 Rx, channel model of TDL-C 300 ns, 20 MHz and a CORESET with 2 symbols, five sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999% at the 5%-tile SINR geometry, and two sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) cannot meet the reliability of 99.9999% at the 5%-tile SINR geometry.
Observation:
For carrier frequency 4 GHz with antenna configuration of 4 Tx/4 Rx, channel model of TDL-C 300 ns and a CORESET with 1 or 2 symbols, 12 sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999% at the 5%-tile SINR geometry.
Observation:
Eight sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can provide 0.6dB ~ 1 dB gain for AL=16 assuming 4 GHz, 1e-5 or 1e-6 target BLER, 4 Rx at UE side, TDL-C and a CORESET with 1 or 2 symbols in time domain and 40 MHz in frequency domain. 
Observation:
[bookmark: OLE_LINK52]Three sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can provide 0.7dB ~ 1 dB gain for AL=16 assuming 700 MHz, 1e-6 target BLER, 2 Rx at UE side, TDL-C and a CORESET with 2 symbols in time domain and 20 MHz in frequency domain.
Observation:
Two sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can save 14 % ~ 20% PDCCH resource used for URLLC UEs assuming 700 MHz, 1e-5 or 1e-6 target BLER for single PDCCH transmission, 2 Rx at UE side, TDL-C and a CORESET with 2 symbols in time domain, 20 MHz in frequency domain.
Observation:
· Three sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can save 14 % ~ 16% PDCCH resource used for URLLC UEs assuming 4 GHz, 1e-5 or 1e-6 target BLER for single PDCCH transmission, 4Tx/4Rx at gNB side and 4 Rx at UE side, TDL-C and a CORESET with 1 or 2 symbols in time domain, 40 MHz in frequency domain.
· One source shows that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can save 7 % ~ 11% PDCCH resource used for URLLC UEs assuming 4 GHz, 1e-5 target BLER for single PDCCH transmission, 16 Tx/16 Rx at gNB side and 2 Tx/4 Rx at UE side for SINR CDF geometry, 2 Tx/4 Rx for PDCCH BLER, TDL-C and a CORESET with 1 or 2 symbols in time domain, 40 MHz in frequency domain.

Agreements:
For the DCI format scheduling Rel-16 NR URLLC, 
· Support potential reduction of the number of bits for at least one of the following fields compared to Rel-15 DCI 
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme
· HARQ process number
· Redundancy version 
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Downlink assignment index
· Note: Reduction of other fields are not precluded 
· Down-select one of the following options for the DCI format size – targeting down-selection in RAN1#96 (not to be captured in the TR for now)
· Option 1: Fixed DCI size targeting a reduction of 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Option 2: aligned with Rel-15 fallback DCI
· Option 3: configurable DCI size with the limitation as below  
· Minimum DCI size should target 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Maximum size should be equal to the DCI format size of Rel-15 fallback DCI
· Option 4: DCI with configurable sizes for some fields, while
· The maximum DCI size can be larger than Rel-15 fallback DCI
· The minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI
· Provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· Option 5: no introduction of new DCI format due to this SI
Note: The DCI format may be impacted by other objectives in this study item and/or the following work item, e.g. PDCCH repetition mechanism and/or UCI enhancement, or may be impacted by objectives in other study item and/or work item, e.g. multi-TRP transmission from Rel-16 work item

Conclusion on PDCCH repetition
· PDCCH repetition is not considered further in this study item

Layer 1 enhancements: Potential enhancements to UCI 
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 quantity, 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

Layer 1 enhancements: Potential enhancements to PUSCH
Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot based repetitions”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first repetition.
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2
· FFS dynamic indication of the number of repetitions
· FFS DMRS sharing
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)

Agreements: 
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations” (also called as “multi-segment transmission”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 
· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.
· FFS the interaction with the procedure of UL/DL direction determination
· For the transmission within one slot,
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 
· One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)
· Each repetition occupies contiguous symbols 
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)

Agreements:
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots

Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc), complexity, overhead, etc.

Layer 1 enhancements: Potential enhancements to Scheduling/HARQ/CSI Processing timeline 
Agreement:
· In Rel. 16 of NR, no PDSCH and PUSCH processing timing enhancement as compared to NR Rel. 15 is supported for at least SCS = 15KHz.

Agreements:
For supporting the out-of-order PDSCH-to-HARQ and PDCCH-to-PUSCH between two HARQ processes on the active BWP of a given serving cell, the companies are encouraged to perform further analysis, including at least the following aspects:
· The details of the dropping rules if allowed
· The conditions (if any) under which the UE is expected to process the out-of-order channels

Agreements: (Approved by email discussion post RAN1#AH 1901 meeting) 
To further study the need for introducing a new PDSCH and PUSCH processing timelines, the following cases are used for calibration of the results amongst the companies:
· For evaluating the impact of processing times on downlink latency:
· The latency of the initial transmission must include the gNB processing time after receiving a packet from the higher layers and the alignment delay. 
· The alignment delay includes the gap between the two consecutive PDCCH monitoring occasions for FDD, the PDCCH transmission latency due to the UL/DL configuration for TDD, and the scheduling constraint due to the slot boundaries.
· [bookmark: _Hlk536726092]The alignment delay should also be considered for scheduling the later PDSCHs.  
· [bookmark: _Hlk791167]gNB’s processing time for transmission of the initial PDSCH and gNB’s PUCCH-to-PDCCH processing time for re-transmission of the PDSCH:
· Case1: UE’s N2/2 + X for scheduling the initial PDSCH and UE’s N2 + X for re-transmission.
· X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively.
· PDCCH duration = 1 symbol
· 1-symbol overlap between PDCCH and PDSCH
· Number of PDCCH monitoring occasions per slot = 4/7
· For the case of 4 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,0,0,1,0,0,0,1,0,0,0,1,0];
· For the case of 7 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,1,0,1,0,1,0,1,0,1,0,1,0];
· PDSCH duration:
· 2 symbols 
· 4 symbols 
· 7 symbols 
· PDSCH with front-loaded DMRS is assumed.
· PDSCH of mapping type B is assumed.
· PUCCH duration = 1 symbol
· Number of PUCCH carrying HARQ-ACK for URLLC per slot is 7 and using the following pattern: [1,0,1,0,1,0,1,0,1,0,1,0,1,0];
· UE decoding time for the last PDSCH: is N1 + d_1,1
· For evaluating the impact of processing times on uplink latency:
· The latency of the initial transmission must include the alignment delay. 
· [bookmark: _Hlk913925]For the case of SR-based PUSCH, the alignment delay includes the gap between the two consecutive SR occasions for FDD, the SR transmission latency due to the UL/DL configuration for TDD, and the scheduling constraint due to the slot boundaries. 
· [bookmark: _Hlk914006]For the case of grant-free PUSCH, the alignment delay includes the transmission constraint due to the grant-free UL occasions for the initial transmission, and the scheduling constraint due to the slot boundaries for the grant-based re-transmission.  
· For both SR-based PUSCH and grant-free PUSCH, the alignment delay should also be considered for PUSCH re-transmission triggered by a dynamic grant. 
· The first symbol of PUSCH consists of only DMRS.
· PUSCH with type-B mapping and no additional DMRS is assumed.
· For the case of grant-free PUSCH, the latency of the initial transmission must also include the UE’s processing time given as UE’s N2/2
· gNB’s PUSCH-to-PDCCH processing time (note that PDCCH alignment has to be included separately) is UE’s N1 + X
· X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively.
· gNB’s decoding time for the last PUSCH is UE’s N1/2 + X
· X = 2/4/8 symbols for SCS = 30/60/120KHz, respectively.
· PUSCH duration: 
· Case 1: 2
· Case 2: 4 
· Case 3: 7
· [bookmark: _Hlk774190]For dynamic PUSCH, it is assumed that the TB cannot be repeated across the slot boundary. 
· PDCCH duration: 1 symbol
· Number of PDCCH monitoring occasions per slot = 4/7
· For the case of 4 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,0,0,1,0,0,0,1,0,0,0,1,0];
· For the case of 7 monitoring occasions per slot, PDCCH monitoring occasions are given as [1,0,1,0,1,0,1,0,1,0,1,0,1,0];
· For GF-PUSCH: 
· The re-transmission is triggered by a dynamic grant.
· The number of PUSCH transmission occasions per slot:
· 7 for the case of 2-symb PUSCH (i.e., the UL pattern is [2,2,2,2,2,2,2].)
· 3 for the case of 4-symbol PUSCH (i.e., the UL pattern is [4,4,4,0].)
· 2 for the case of 7-symb PUSCH (i.e., the UL pattern is [7,7].)
· For SR-based PUSCH:
· gNB’s processing time for SR is UE’s N1
· Duration of the PUCCH for SR: 1 symbol
· Number of SR occasions per slot: 7 with [1,0,1,0,1,0,1,0,1,0,1,0,1,0] configuration.
· For SCS = 30/60KHz, FDD is assumed.
· The companies can additionally consider TDD; the assumed TDD UL/DL configuration should be reported.
· For SCS = 120KHz, the companies report the considered TDD UL/DL configuration (e.g., [D,D,D,D,D,D,F,F,U,U,U,U,U,U] can be assumed, where ‘F’ indicates the semi-static flexible symbol.)

· In this study, a timing advance is assumed to be 0.
· The gNB processing times assumed in here are only for the purpose of this study, and are not necessarily indicative of actual gNB processing capabilities.

· For each scenario, the following parameters are reported:
1. The worst-case latency for completing a single-shot transmission under NR Rel. 15 N1/N2 capabilities.
· Cap#2 for SCS = 30/60KHz and Cap#1 for SCS = 120KHz are assumed.
2. The worst-case latency for completing two transmissions (i.e., the initial transmission and one HARQ-based re-transmission) under NR Rel. 15 N1/N2 capabilities.
· Cap#2 for SCS = 30/60KHz and Cap#1 for SCS = 120KHz are assumed.
3. In case a single-shot transmission cannot be completed under (1), companies report the maximum required N1/N2 (smaller than those of the NR Rel. 15) to complete a single-shot transmission within 1ms.
· Also, the latency reduction gains as compared to (1) above.
4. In case two transmissions cannot be completed under (2), companies report the maximum required N1/N2 (smaller than those of the NR Rel. 15) to complete two transmissions (i.e., the initial transmission and one HARQ-based re-transmission) within 1ms.
· Also, the latency reduction gains as compared to (2) above.
5. Support/No support for introducing new processing timing capabilities for Rel. 16 eURLLC.

· For the DL study, it is assumed that N2=N1 when calculating gNB processing time. This assumption applies only to the Rel. 16 based analysis. 
· For the UL study, it is assumed that N2=N1 when calculating gNB processing time. This assumption applies only to the Rel. 16 based analysis. 
· [bookmark: _Hlk806823]Besides the above mentioned values, the companies can consider other values for gNB’s processing time for transmission of the initial PDSCH and gNB’s PUCCH-to-PDCCH processing time for re-transmission of the PDSCH, gNB’s PUSCH-to-PDCCH processing time, and gNB’s decoding time for the last PUSCH. In case other values are considered, the assumption of N2 = N1 when calculating the gNB processing time for the Rel. 16 analysis is not required.  
· For the UL study, a solution with N2 of Rel. 15 > N2 of Rel. 16 = N1 of Rel. 16 > N1 of Rel. 15 is not valid.
· The LLS and SLS evaluation results can be reported under the methodology agreed in RAN1 #95 for the scenarios identified above.


UL inter UE Tx prioritization/multiplexing
Observations:
· For URLLC with low MCS level
· Three sources (source 1/2/3) observed 0.2dB~1dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#0 and collides with another eMBB PUSCH transmission, compared to the baseline with URLLC only PUSCH transmission using MCS#0, assuming MMSE-IRC receiver is used at the gNB and 0dB power offset. 
· Two sources (source 2/3) observed the loss can be reduced to 0.2dB~0.5dB, when URLLC power is 3dB higher than eMBB
· One source (source 1) observed the loss can be negligible if MMSE-SIC receiver is used at the gNB  (eMBB and URLLC are decoded with two hypothesis)  and 0 dB power offset assuming orthogonal DMRS between eMBB and URLLC
· For URLLC with medium MCS level
· Two sources (source 2/3) observed 1.8dB~6dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#6 and collides with another eMBB PUSCH transmission, compared to the baseline with URLLC only PUSCH transmission using MCS#6, assuming MMSE-IRC receiver is used at the gNB. 
· The same two sources observed the loss can be reduced to 0.4dB~2dB, when URLLC power is 3dB higher than eMBB
· For URLLC with higher MCS level
· One source (source 1) observed about 3.2dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#14 and collides with another eMBB PUSCH transmission using MCS#14 or 23 (for the higher SE table), compared to the baseline with URLLC only PUSCH transmission using MCS#14, assuming MMSE receiver is used at the gNB and 0dB power offset.
· The same source observed that when no power offset is applied to the URLLC, if MMSE-SIC receiver is used at the gNB (eMBB and URLLC are decoded with two hypothesis), the loss can be reduced to 0.5dB for the case with URLLC MCS#14 and eMBB MCS#14, assuming orthogonal DMRS between eMBB and URLLC. However, the loss cannot be reduced by MMSE-SIC receiver for the case with URLLC MCS#14 and eMBB MCS#23. One source (source 3) observed URLLC error floor at 10-1~10-2  when URLLC PUSCH uses MCS#10 or 14 and collides with another eMBB PUSCH transmission using 16QAM, compared to the baseline with URLLC only PUSCH transmission using MCS#10 or 14, assuming MMSE-IRC receiver is used at the gNB and 0dB or 3dB power offset between URLLC and eMBB
Note: For SIC receiver, if eMBB transmission ends later than URLLC, the latency performance of URLLC may be impacted if the eMBB is decoded first.

Agreements:
Capture the following link level evaluation results in TR 38.824 section 7.1 “performance evaluation”
· Offline to define case-1 DMRS assumption and case-2 DM-RS assumption 

Thursday
· Case-1 DMRS assumption: Orthogonal DMRS for the collided users and no interference on DMRS of one UE caused by data from another colliding UE.
· Case-2 DMRS assumption: There is interference on DMRS of one UE caused by data from another colliding UE

Comparison of required SNR for single URLLC transmission with 10-4 BLER target
	
	Required SNR for URLLC 10-4 BLER
(URLLC only, baseline)
	Required SNR for URLLC 10-4 BLER when colliding with eMBB (0dB power offset)
	Required SNR for URLLC 10-4 BLER when colliding with eMBB (3dB power offset)
	Key Assumptions

	Source 1 (Huawei R1-1901303)
	-10dB 
	-9.8dB
(0.2dB loss)
	N/A
	URLLC MCS#0(30/1024,2)
eMBB MCS#0 (30/1024,2)
MMSE-IRC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	-10dB
	-10dB
(0 loss)
	N/A
	URLLC MCS#0(30/1024,2)
eMBB MCS#0 (30/1024,2)
MMSE-SIC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	-10dB
	-9.8dB
(0.2dB loss)
	N/A
	URLLC MCS#0 (30/1024,2)
eMBB MCS#0 (120/1024,2)
MMSE-IRC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	-10dB
	-10dB
(0 loss)
	N/A
	URLLC MCS#0 (30/1024,2)
eMBB MCS#0 (120/1024,2)
MMSE-SIC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	7.8dB
	11dB
(3.2dB loss)
	N/A
	URLLC MCS#14(602/1024,2)
eMBB MCS#14(602/1024,2)
MMSE-IRC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	7.8dB 
	8.3dB
(0.5dB loss)
	N/A
	URLLC MCS#14(602/1024,2)
eMBB MCS#14(602/1024,2)
MMSE-SIC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	7.8dB
	8.3 dB
(0.5dB loss)
	N/A
	URLLC MCS#14(602/1024,2)
eMBB MCS #12 (434/1024,4)
MMSE-IRC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	7.8dB
	8.3 dB
(0.5dB loss)
	N/A
	URLLC MCS#14(602/1024,2)
eMBB MCS #12 (434/1024,4)
MMSE-SIC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	7.8dB
	11dB
(3.2dB loss)
	N/A
	URLLC MCS#14(602/1024,2)
eMBB MCS #23(772/1024,6)
MMSE-IRC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	7.8dB
	11dB
(3.2dB loss)
	N/A
	URLLC MCS#14(602/1024,2)
eMBB MCS #23(772/1024,6)
MMSE-SIC receiver
Case-1 DMRS assumption

	Source 2 (vivo R1-1900131)
	-8.8dB
	-8.3dB
(0.5dB loss)
	-8.6dB
(0.2 dB loss)
	URLLC MCS#0, eMBB 16QAM
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 2 (vivo R1-1900131)
	-3.5dB
	-1.7dB
(1.8 dB loss)
	-3.1dB
(0.4 dB loss)
	URLLC MCS#6, eMBB 16QAM
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 3 (Ericsson R1-1812161)
	-6.5 dB
	-5.5 dB
(1dB loss)
	-6 dB
(0.5 dB loss)
	URLLC MCS#0, eMBB 16QAM
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 3 (Ericsson R1-1812161)
	-1 dB
	5dB
(6dB loss)
	1dB
(2dB loss)
	URLLC MCS#6, eMBB 16QAM
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 3 (Ericsson R1-1812161)
	4dB
	Error floor
	Error floor
	URLLC MCS#10, eMBB 16QAM
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 3 (Ericsson)
	11dB
	Error floor
	Error floor
	URLLC MCS#14, eMBB 16QAM
MMSE-IRC receiver
Case-2 DMRS assumption



Observation:
· For eMBB with lower MCS level (QPSK modulation)
· Two sources (source 1/8) observed  up to 0.5dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#0 or 2 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE-IRC (source 1) or MMSE (source 8) receiver is used at the gNB and 0dB power offset. 
· One source (source 1) observed the loss can be negligible, if MMSE-SIC receiver (eMBB and URLLC are decoded with two hypothesis) is used assuming case-1 DMRS between eMBB and URLLC.
· One source (source 8) observed 0.3dB~2dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#6 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE receiver is used at the gNB and 0dB power offset.
· For eMBB with higher MCS level (16QAM or 64QAM)
· One source (source 1) observed 1dB~1.6dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#12, 14 or 23 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE-IRC receiver is used at the gNB and 0dB power offset. Another source (source 4) observed 8dB loss.
· One source (source 1) observed that the loss can be reduced to 0.3dB, if MMSE-SIC receiver is used at the gNB ((eMBB and URLLC are decoded with two hypothesis), assuming case-1 DMRS between eMBB and URLLC.

Agreements:
Capture the following link level evaluation results in TR 38.824 section 7.1 “performance evaluation”
Comparison of required SNR for single eMBB transmission with 10-1 BLER target
	
	Required SNR for eMBB 10-1 BLER
(eMBB only, baseline)
	Required SNR for eMBB 10-1 BLER when colliding with URLLC (0dB power offset)
	Key Assumptions

	Source 1 (Huawei R1-1901303)
	-14.4dB
	-14.3dB
(0.1dB loss)
	URLLC MCS#0(30/1024,2)
eMBB MCS#0 (30/1024,2)
MMSE-IRC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	-14.4dB
	-14.4dB
(0dB loss)
	URLLC MCS#0(30/1024,2)
eMBB MCS#0 (30/1024,2)
MMSE-SIC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	-9.3dB
	-8.8dB
(0.5dB loss)
	URLLC MCS#0 (30/1024,2)
eMBB MCS#0 (120/1024,2)
MMSE-IRC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	-9.3dB
	-9.3dB
(0dB loss)
	URLLC MCS#0 (30/1024,2)
eMBB MCS#0 (120/1024,2)
MMSE-SIC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	0dB
	1.6dB
(1.6dB loss)
	URLLC MCS#14(602/1024,2)
eMBB MCS#14(602/1024,2)
MMSE-IRC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	0dB
	0.3dB
(0.3dB loss)
	URLLC MCS#14(602/1024,2)
eMBB MCS#14(602/1024,2)
MMSE-SIC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	2.7dB
	3.2dB
(0.5dB loss)
	URLLC MCS#14(602/1024,2)
eMBB MCS #12 (434/1024,4)
MMSE-IRC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	2.7dB
	3dB
(0.3dB loss)
	URLLC MCS#14(602/1024,2)
eMBB MCS #12 (434/1024,4)
MMSE-SIC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	13dB
	14dB
(1dB loss)
	URLLC MCS#14(602/1024,2)
eMBB MCS #23(772/1024,6)
MMSE-IRC receiver
Case-1 DMRS assumption

	Source 1 (Huawei R1-1901303)
	13dB
	11.5dB
(0.5dB loss)
	URLLC MCS#14(602/1024,2)
eMBB MCS #23(772/1024,6)
MMSE-SIC receiver
Case-1 DMRS assumption

	Source 4 (NTT DOCOMO R1-1813328)
	2dB
	10dB
(8dB loss) (-0.12dB power offset)
	eMBB MCS#12, 14 symbol,
URLLC MCS#7, 2 symbol
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	-3dB
	-3dB
(0dB loss)
	eMBB MCS#2, 14 symbols
eMBB interfered by 1 symbol and 50% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	-3dB
	-3dB
(0dB loss)
	eMBB MCS#2, 14 symbols
eMBB interfered by 2 symbol and 50% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	1.3dB
	1.6dB
(0.3dB loss)
	eMBB MCS#6, 14 symbols
eMBB interfered by 1 symbol and 50% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	1.3dB
	1.9dB
(0.6dB loss)
	eMBB MCS#6, 14 symbols
eMBB interfered by 2 symbol and 50% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	-3dB
	-2.9dB
(0.1dB loss)
	eMBB MCS#2, 14 symbols
eMBB interfered by 1 symbol and 100% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	-3dB
	-2.8dB
(0.2dB loss)
	eMBB MCS#2, 14 symbols
eMBB interfered by 2 symbol and 100% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	1.3dB
	2.1dB
(0.8dB loss)
	eMBB MCS#6, 14 symbols
eMBB interfered by 1 symbol and 100% BW
MMSE receiver
Case-2 DMRS assumption

	Source 8 (Samsung R1-1901284)
	1.3dB
	around 2dB loss
	eMBB MCS#6, 14 symbols
eMBB interfered by 2 symbol and 100% BW
MMSE receiver
Case-2 DMRS assumption



Agreements:
Capture the following in TR 38.824 section 7.2.1“UE UL cancelation mechanisms”
UE UL cancelation mechanism is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs/BDs per slot) should be increased is to be further investigated. The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.
Aim to downselect the option(s) in RAN1#96 as indicated in the above text (including no additional enhancements related to the above options due to this SI)

Agreement:
· Introduce the following TP to the TR:
Enhanced UL power control is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. The potential enhanced UL power control may include UE determining the power control parameter set (e.g. P0, alpha) based on scheduling DCI indication without using SRI, or based on group-common DCI indication. Increased TPC range compared to Rel-15 may also be considered. Power boosting is not applicable to power limited UEs.

Enhanced UL grant-free transmissions 
Observations:
· PUSCH miss detection performance highly depends on the PUSCH configurations such as DMRS configuration, resource allocation, and false-alarm target setting.
· If a configured grant PUSCH resource is not shared by multiple UEs, 
· 7 companies observed that if the reliability requirement is to be met by a single transmission, all the results show that PUSCH miss detection probability is lower than the PUSCH target BLER under the respective evaluation assumptions (e.g., MCS levels, etc.).

Agreement:
· In Rel-16, for both Type 1 and Type 2 configured grant and when multiple active configurations are configured in a BWP, transmission of a TB based on the configured grant is associated with a single active configuration, even if the transmission is repeated

Observation:
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]If the overall PUSCH BLER target requirement is to be met by uplink grant based HARQ re-transmission for the configured grant PUSCH, the BLER of the configured grant PUSCH transmission can be higher than the overall PUSCH BLER target such that the residual BLER after the re-transmission achieves the overall PUSCH BLER target; even in this case, miss detection probability for configured grant PUSCH should not be higher than the overall PUSCH BLER target. 

Remaining details on evaluation methodology 
Agreements:
· Capture the table below in TR 38.824
· To add in RAN1#96 the # of packets simulated in each of the source 
The percentage of UEs satisfying requirements for power distribution
	Source 1 (Huawei, R1-1901248): Differential protection
Reliability of 99.999%, 6 ms air interface latency, 250 bytes, data arrival interval 0.833ms, 4 GHz, FDD, 4Tx/4Rx at both gNB and UE side, 10 users per cell, realistic channel estimation, grant based for data transmission  

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	100%
	27%
	-2.48

	UL
	52.9%
	73.2%
	-

	Source 1 (Huawei, R1-1901248): Differential protection
Reliability of 99.999%, 6 ms air interface latency, , 250 bytes, data arrival interval 0.833ms, 700 MHz, FDD, 4Tx/4Rx at gNB side and 2Tx/4Rx at UE side, 10 users per cell, realistic channel estimation, 20 MHz, grant based for uplink data transmission  

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	78.1%
	64.9%
	-3.1

	UL
	47.1%
	78.2%
	-

	Source 2 (ZTE, R1-1900077): Differential protection
Reliability of 99.999%, 6 ms air interface latency, 250 bytes, data arrival interval 0.833ms, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 5 users per cell, ideal channel estimation, grant based for data transmission  

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value

	DL
	98.1 %
	11.6197
	-0.06

	UL (grant based)
	98.1 %
	11.4572
	-0.07

	Source 3 (Ericsson, R1-1901350): Power Distribution Grid Fault and Outage Management
Reliability of 99.9999%, 3 ms air interface, 100 bytes, data arrival interval 100 ms, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/4 Rx at UE side, 10 users per cell, ideal channel estimation, grant free for data transmission   

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	99.8%
	-
	-0.35

	UL
	95.4%
	-
	-0.44

	Source 4 (Ericsson, R1-1901352): Power Distribution Grid Fault and Outage Management
Reliability of 99.9999%, 3 ms air interface, 100 bytes, data arrival interval 100 ms, 700 MHz, FDD, 4Tx/4Rx at gNB side, 2 Tx/4 Rx at UE side, 10 users per cell, ideal channel estimation, grant free for data transmission   

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	99%
	-
	-

	UL
	95%
	-
	-

	Source 4 (Ericsson, R1-1901352): Power Distribution Grid Fault and Outage Management
Reliability of 99.9999%, 3 ms air interface, 100 bytes, data arrival interval 100 ms, 700 MHz, FDD, 4Tx/4Rx at gNB side, 2 Tx/4 Rx at UE side, 10 users per cell+10 eMBB users, ideal channel estimation, grant based for data transmission   

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	95.8%
	-
	-

	UL
	95.9%
	-
	-



Agreements:
· Agree on the following observations:
Observation: Three sources show that the percentage of UEs satisfying the latency (i.e. 6 ms for differential protection and 3 ms for power distribution grid fault and outage management) and reliability (i.e. 99.999% for differential protection and 99.9999% for power distribution grid fault and outage management) requirements by Rel-15 NR is higher than 95% for downlink transmission for power distribution assuming up to 10 URLLC users per cell, 4 GHz and FDD. 

Observation: One source shows that the percentage of UEs satisfying the latency (i.e. 6 ms for differential protection and 3 ms for power distribution grid fault and outage management) and reliability (i.e. 99.999% for differential protection and 99.9999% for power distribution grid fault and outage management) requirements by Rel-15 NR can be lower than 95% for uplink transmission for power distribution assuming 10 URLLC users per cell, realistic channel estimation, 4 GHz and FDD.  

Observation: Two sources show that the percentage of UEs satisfying the latency (i.e. 6 ms for differential protection and 3 ms for power distribution grid fault and outage management) and reliability (i.e. 99.999% for differential protection and 99.9999% for power distribution grid fault and outage management) requirements by Rel-15 NR is higher than 95% for uplink transmission for power distribution assuming up to 10 URLLC users per cell, ideal channel estimation, 4 GHz and FDD.

Observation: One source shows that the percentage of UEs satisfying the latency (i.e. 6 ms) and reliability (i.e. 99.999%) requirements by Rel-15 NR is lower than 95% for both downlink and uplink transmission for differential protection (i.e. 250 bytes packet size and data arrival interval 0.833ms) assuming 10 URLLC users per cell, realistic channel estimation, 700 MHz and FDD.

Observation: One source shows that the percentage of UEs satisfying the latency (i.e. 3 ms) and reliability (i.e. 99.9999%) requirements by Rel-15 NR is higher than 95% for both downlink and uplink transmission for power distribution grid fault and outage management (i.e. 100 bytes packet size and data arrival interval 100 ms) assuming 10 URLLC users per cell, ideal channel estimation, 700 MHz and FDD.

(The following observations and proposals were agreed by the email discussion post RAN1#AH 1901 meeting)
Proposal 3.3-1: Capture the table below in TR 38.824.
The percentage of UEs satisfying requirements for transport industry  
	Source 1 (Huawei, R1-1901247): Remote driving
Reliability of 99.999%, 3 ms air interface latency, 4 GHz, FDD, 4Tx/4Rx at both gNB and UE side, 10 users per cell, realistic channel estimation, grant free for uplink, periodic traffic model 

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	96.7%
	10.2%
	-2.2

	UL
	60%
	91.8%
	-

	Source 1 (Huawei, R1-1901247): Remote driving
Reliability of 99.999%, 3 ms air interface latency, 700 MHz, FDD, 4Tx/4Rx at gNB side, 2Tx/4Rx at UE side, 10 users per cell, realistic channel estimation, grant free for uplink, periodic traffic model 

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	DL
	100%
	18.3%
	-2.72

	UL
	-
	-
	-

	Source 2 (ZTE, R1-1900080): Remote driving
Reliability of 99.999%, 3 ms air interface latency, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 2 users per cell, ideal channel estimation, grant based for uplink data transmission   

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value (dB)

	DL
	97.62 %
	1.9081
	-0.39

	UL
	-
	-
	-6.17

	Source 2 (ZTE, R1-1900080): ITS
Reliability of 99.999%, 7 ms air interface latency, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 2 users per cell, ideal channel estimation, grant based for uplink data transmission   

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value (dB)

	DL
	100 %
	2.092
	-0.39

	UL
	97.62 %
	2.0918
	-6.17

	Source 2 (ZTE, R1-1900238): Remote driving
Reliability of 99.999%, 3 ms air interface latency, 700 MHz, FDD, 2Tx/2Rx at gNB side, 2 Tx/2 Rx at UE side, 2 users per cell, ideal channel estimation, grant based for uplink data transmission   

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value (dB)

	DL
	95.2 %
	1.9081
	-0.44

	UL
	-
	-
	-1.54

	Source 2 (ZTE, R1-1900238): ITS
Reliability of 99.999%, 7 ms air interface latency, 700 MHz, FDD, 2Tx/2Rx at gNB side, 2 Tx/2 Rx at UE side, 2 users per cell, ideal channel estimation, grant based for uplink data transmission   

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value (dB)

	DL
	100 %
	2.092
	-0.44

	UL
	95.2%
	2.0918
	-1.54

	Source 3 (Ericsson, R1-1901351): Remote driving
Reliability of 99.999%, 3 ms air interface latency, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/4 Rx at UE side, 6 users per cell, ideal channel estimation, grant-free PUSCH    

	
	Percentage of UEs (Mean)
	-
	-

	DL
	97 %
	-
	-

	UL
	60 %
	-
	-

	Source 3 (Ericsson, R1-1901351): Remote driving
Reliability of 99.999%, 3 ms air interface latency, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/4 Rx at UE side, 6 users per cell+30 eMBB users per 21 cells, SR-based PUSCH, ideal channel estimation    

	
	Percentage of UEs (Mean)
	-
	-

	DL
	81 %
	-
	-

	UL
	53 %
	-
	-


Note: 5% Q-value is obtained by system-level simulation assuming full buffer for a given evaluation scenario
Observation 3.3-1: Three sources show that the percentage of UEs satisfying the latency (i.e. 3 ms for remote driving and 7 ms for ITS) and reliability (i.e. 99.999%) requirements by Rel-15 NR is higher than 95% for downlink transmission for transport industry assuming 2 or 6 or 10 URLLC users without any eMBB users per cell, 4 GHz/700 MHz and FDD. 
Observation 3.3-2: Two sources show that the percentage of UEs satisfying the latency (i.e. 3 ms for remote driving) and reliability (i.e. 99.999%) requirements by Rel-15 NR can be lower than 61% for uplink transmission for remote driving assuming 6 or 10 URLLC users per cell, 4 GHz and FDD.  
Observation 3.3-3: One source shows that the percentage of UEs satisfying the latency (i.e. 7 ms for ITS) and reliability (i.e. 99.999%) requirements by Rel-15 NR is higher than 95% for both downlink and uplink transmission for ITS assuming 2 users per cell, 4 GHz/700 MHz and FDD. 
Observation 3.3-4: One source shows that the percentage of UEs satisfying the latency (i.e. 3 ms) and reliability (i.e. 99.999%) requirements by Rel-15 NR is lower than 95% for downlink transmission for remote driving assuming 6 URLLC users per cell with 30 eMBB users per 21 cells, 4 GHz and FDD.
  
Proposal 3.4-1: Capture the table below in TR 38.824.  
The percentage of UEs satisfying requirements for Rel-15 enabled use case with urban macro 
	Source 1 (Huawei, R1-1901250): Rel-15 enabled use case with urban macro (32 bytes)
Reliability of 99.999%, 1 ms air interface latency, 700 MHz, FDD, 2Tx/2Rx at gNB and 2 Tx/4 Rx at UE side, 10 users per cell, realistic channel estimation, grant based for uplink, aperiodic traffic model 

	
[image: ]=120 p/s

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	
	DL
	81.9%
	3.2%
	-3.2

	
	UL
	15.7%
	7.3%
	-

	Source 1 (Huawei, R1-1901250): Rel-15 enabled use case with urban macro (32 bytes)
Reliability of 99.999%, 1 ms air interface latency, 700 MHz, FDD, 4Tx/4Rx at gNB and 2 Tx/4 Rx at UE side, 10 users per cell, realistic channel estimation, grant based for uplink, aperiodic traffic model 

	
[image: ]=500 p/s

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	
	DL
	91.4%
	6.4%
	-3.1

	
	UL
	45.3%
	16.2%
	-

	Source 2 (ZTE, R1-1900079): Rel-15 enabled use case with urban macro (32 bytes or 200 bytes)
Reliability of 99.999%, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 5 users per cell, ideal channel estimation, grant based for uplink data transmission   

	
32 bytes, 1 ms air interface latency
[image: ]=100 p/s

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value

	
	DL
	99.05%
	0.1222
	-1.04

	
	UL
	100%
	0.1222
	-1.61

	
200 bytes, 1 ms air interface latency
[image: ]=100 p/s

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value

	
	DL
	95.24%
	0.7635
	-1.04

	
	UL
	98.1%
	0.7635
	-1.61

	
200 bytes, 4 ms air interface latency
[image: ]=100 p/s

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value

	
	DL
	98.1%
	0.7635
	-1.04

	
	UL
	100%
	0.7635
	-1.61


Note: 5% Q-value is obtained by system-level simulation assuming full buffer for a given evaluation scenario
Note:   is the packet arrival rate
Observation 3.4-1: One source shows that the percentage of UEs satisfying the latency (i.e. 1 ms) and reliability (i.e. 99.999%) requirements by Rel-15 NR is lower than 95% with resource utilization of 3.2% or 6.4% for downlink transmission for Rel-15 enabled use case with urban macro assuming 10 URLLC users per cell, realistic channel estimation, up to 4 Tx/4 Rx at gNB size and 2 Tx/4 Rx at the UE side, 700 MHz and FDD. 
Observation 3.4-2: One source shows that the percentage of UEs satisfying the latency (i.e. 1 ms) and reliability (i.e. 99.999%) requirements by Rel-15 NR is lower than 95% with resource utilization of 7.3% or 16.2% for uplink transmission for Rel-15 enabled use case with urban macro assuming 10 URLLC users per cell, realistic channel estimation, up to 4 Tx/4 Rx at gNB size and 2 Tx/4 Rx at the UE side, 700 MHz and FDD. 
Observation 3.4-3: One source shows that the percentage of UEs satisfying the latency (i.e. 1 ms) and reliability (i.e. 99.999%) requirements by Rel-15 NR is higher than 95% for both downlink and uplink transmission for Rel-15 enabled use case with urban macro assuming 5 URLLC users per cell, ideal channel estimation, 8Tx/8Rx at the gNB size and 2Tx/2Rx at the UE side, 4 GHz and FDD. 
Proposal 3.4-2: Capture the table below in TR 38.824.
The percentage of UEs satisfying requirements for Rel-15 enabled use case with indoor hot-spot 
	Source 1 (Huawei, R1-1901250)
Reliability of 99.9%, 7 ms air interface latency, 4 GHz, FDD, 4Tx/4Rx at gNB and 4 Tx/4 Rx at UE side, 10 users per cell, realistic channel estimation, grant based for uplink, 4096 bytes 

	

=60 p/s
Periodic traffic model
	
	Percentage of UEs
	Resource utilization
	5% Q-value

	
	DL
	100%
	23.6%
	-3.73

	
	UL
	89.2%
	38.5%
	-

	

=60 p/s
Aperiodic traffic model

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	
	DL
	100%
	20.3%
	-3.73

	
	UL
	82.5%
	36.5%
	-

	Source 2 (ZTE, R1-1900079)
Reliability of 99.9%, 7 ms air interface latency, 4 GHz, FDD, 8Tx/8Rx at gNB side, 2 Tx/2 Rx at UE side, 5 users per cell, ideal channel estimation, grant based for uplink data transmission, 4096 bytes   

	

=60 p/s
Periodic traffic model

	
	Percentage of UEs
	Offered cell load (Mbps)
	5% Q-value

	
	DL
	100 %
	9.3810
	-1.09

	
	UL
	100 %
	9.3810
	-2.02

	Source 3 (NTT DOCOMO, R1-1900976)
Reliability of 99.9%, 7ms air interface latency, 4 GHz, TDD with TDD UL-DL configuration {SU}, S={D10, G2, U2}, 4Tx/4Rx at gNB side, 2 Tx/4 Rx at UE side, 5 users per cell, ideal channel estimation, grant based for uplink data transmission, 4096 bytes, aperiodic traffic model   

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	
=185 p/s
	DL
	91.67 %
	33.8%
	-3.13

	
=145 p/s
	UL
	76.67 %
	32.75
	-2.19

	Source 3 (NTT DOCOMO, R1-1900976)
Reliability of 99.9%, 7 ms air interface latency 4 GHz, TDD with TDD UL-DL configuration {SU}, S={D10, G2, U2}, 4Tx/4Rx at gNB side, 2 Tx/4 Rx at UE side, 4 users per cell, ideal channel estimation, grant based for uplink data transmission, 4096 bytes, aperiodic traffic model   

	
	Percentage of UEs
	Resource utilization
	5% Q-value

	
=185 p/s
	DL
	96.43 %
	26%
	-3.13

	
=145 p/s
	UL
	97.77 %
	24.93%
	-2.19


Note: 5% Q-value is obtained by system-level simulation assuming full buffer for a given evaluation scenario
Note:   is the packet arrival rate
Observation 3.4-4: Two sources show that the percentage of UEs satisfying the latency (i.e. 7 ms) and reliability (i.e. 99.9%) requirements by Rel-15 NR is 100% for downlink transmission for Rel-15 enabled use case with indoor hot-spot assuming 5 or 10 URLLC users per cell, 4 GHz and FDD. 
Observation 3.4-5: Two sources show that the percentage of UEs satisfying the latency (i.e. 7 ms) and reliability (i.e. 99.9%) requirements by Rel-15 NR is lower than 95% for uplink transmission for Rel-15 enabled use case with indoor hot-spot assuming 10 users per cell, 4 GHz and FDD/TDD.
Observation 3.4-6: One source shows that the percentage of UEs satisfying the latency (i.e. 7 ms) and reliability (i.e. 99.9%) requirements by Rel-15 NR is higher than 95% for uplink transmission for Rel-15 enabled use case with indoor hot-spot assuming 5 URLLC users per cell, 4 GHz and FDD.


RAN1#96 meeting
R1-1903531 Text proposal on capturing examples of detailed use case and requirements for Rel-16 NR URLLC in TR 38.824 was endorsed.
TR 38.824 v1.0.2 (R1-1903438) was endorsed. 
R1-1903825 Text proposal for TR 38.824 Section 6.1 was endorsed by email approval [96-NR-07].
R1-1903826 Text proposal for TR 38.824 Section 8.2.2 was endorsed by email approval [96-NR-07].
TR 38.824 v1.2.0 (R1-1903829) was endorsed by email approval [96-NR-07]. 
Recommendations  
Agreements:
· To include the following recommendations in the TR:
For PDCCH enhancement, it is recommended to support the following in Rel-16:
-	DCI format(s) with configurable sizes for some fields and potential reduction of the number of bits for some field(s) compared to Rel-15 DCI, while enabling the minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI and the maximum DCI size can be larger than Rel-15 fallback DCI, and provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any).  
-	Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for Rel-16 NR URLLC for at least one SCS subject to some restrictions, including at least explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span, and the set of applicable SCS(s). 
For UCI enhancement, it is recommended to support the following in Rel-16:
-	More than one PUCCH for HARQ-ACK transmission within a slot.
-	At least two HARQ-ACK codebooks can be simultaneously constructed for a Rel-16 UE, intended for supporting different service types for a UE.
For enhancements to scheduling/HARQ, it is recommended to support the following in Rel-16:
  -	Out-of-order HARQ-ACK: HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH on the active BWP of a given serving cell 
  -	Out-of-order PUSCH scheduling: A UE can be scheduled with a second PUSCH associated with HARQ process x starting earlier than the ending symbol of the first PUSCH associated with HARQ process y (x != y) with a PDCCH that does not end earlier than the ending symbol of first scheduling PDCCH on the active BWP of a given serving cell
For inter UE Tx prioritization/multiplexing, it is recommended to support UL cancelation scheme and enhanced UL power control scheme in Rel-16.   
For enhanced UL configured grant transmission, it is recommended to support multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell in Rel-16. 
For PUSCH enhancements, it is recommended to support enhancements for both grant-based PUSCH and configured grant based PUSCH in Rel-16, to enable one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
Layer 1 enhancements: Potential enhancements to PDCCH 
Agreements:
Support increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for Rel-16 NR URLLC for at least one SCS subject to the following restrictions:
· Explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span, and
· The set of applicable SCS(s) to be finalized during the WI phase
· Additional restrictions (e.g., impact # of CCs if any, potential limitations on PDSCH/PUSCH processing, impact of wideband RS for CCE counting if any, etc.) can be considered during the WI phase 
[bookmark: OLE_LINK6]
Agreements:
· [bookmark: OLE_LINK7]Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) for Rel-16 NR URLLC can be further considered in work item phase.

Agreements:
For the DCI format(s) (may or may not be new format, to be finalized in the WI phase) scheduling Rel-16 NR URLLC, 
· Support configurable sizes for some fields, while  
· The maximum DCI size can be larger than Rel-15 fallback DCI
· The minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI
· Provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· Support at least one of the following configurable fields – the set of configurable field(s) including bitwidths to be finalized during the WI phase (which may further depend on DL vs. UL assignments)
· Antenna port(s) [0~2 bits]
· Transmission configuration indication [0~3 bits]
· Rate matching indicator [0~2 bits]
· SRS request [0~3 bits] 
· PRB bundling size indicator [0~1 bit]
· Carrier indicator [0~3 bits]
· CSI request [0~3 bit]
· ZP CSI-RS triggering [0~2 bits] 
· Beta offset indicator [0~2 bits]
· SRS resource indicator [0~4 bits]
· Repetition factor [0~2 bits]
· Priority indication [0~3 bits]
· Note: Other field(s) can be considered if needed 
· Note: This doesn’t imply the necessity to increase the DCI size budget (i.e. “3 +1”) compared to Rel-15

Layer 1 enhancements: Potential enhancements to UCI 
Agreements:
· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to be transmitted in resources overlapping in time
· FFS details, e.g., multiplexing and/or prioritizing or parallel tx – revisit later this week

Agreements:
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 
· FFS in potential WI the details of the PHY identification

Agreements:
Observation 1:
· Regarding the benefit of A-CSI,
· One source (Samsung, R1-1902297) observed that compared to link adaptation only using wideband CSI, 0.1% ~ 8.8% gain on average throughput and -0.7% ~ 20.1%  gain on 5% throughput can be obtained by using A-CSI for link adaptation, depending on different cell loadings and code-book-based or ideal precoding is assumed. 
· Two companies (Samsung, Intel) also questioned the value of A-CSI for URLLC considering:
· Reliability of CSI reception.
· Impact of measurement and quantization.
Observation 2:
· Regarding the performance gain of DMRS/PDSCH/PDCCH-based A-CSI measurement, 
· One source (AT&T, R1-1901910) observed that CSI estimation based on DMRS+CSI-RS showed 15% and 45% link-level spectrum efficiency improvement at SINR=10dB over conventional CSI estimation based on CSI-RS, with 10 msec and 20 msec reporting period respectively. 
· One source (MTK, R1-1903530) observed that the gain of DMRS/PDSCH/PDCCH-based is beneficial in very limited cases (it depends on specific settings of packet size, bandwidth, initial BLER, traffic pattern and load (e.g. in case of a periodic traffic pattern, requests for initial transmissions from four UE’s arrive at the same OS from period to period. Each initial transmission have BLER=3%)).
Observation 3:
· Regarding the performance gain of CSI-RS-based A-CSI reporting on PUCCH triggered by DL-scheduling, 
· One source (Huawei, R1-1903234) observed that 12.7% (with 100p/s packet frequency) or 15.7% (with 200p/s packet frequency) more users can satisfy the 4ms latency over R15 P-CSI reporting, and 3.1% (with 100p/s packet frequency) or 9.4% (with 200p/s packet frequency) more users can satisfy the 4ms latency requirement over R15 A-CSI reporting on PUSCH.
Observation 4:
· One source (Nokia, R1-1901914) evaluated the benefits of the CQI report mode of wideband CQI combined with worst-M CQI, and observed that it leads to reduction of latency and BLER for 1st transmission over standard frequency-selective CQI.

Conclusion:
· No consensus in RAN1 for supporting A-CSI on PUCCH in R16.


Layer 1 enhancements: Potential enhancements to PUSCH
Agreements:
· Capture the descriptions of option 1 to 6 (see R1-1903797 and previous agreements) in the TR.

Conclusion:
· Finalize the details regarding how to use “option 1” vs. “option 2” during the WI phase using option 4, 5, and 6 (as in R1-1903797) as a starting point.

Agreements:
· Capture the simulation results in Section 3 in the TR.


Layer 1 enhancements: Potential enhancements to Scheduling/HARQ/CSI Processing timeline 
Agreements:
The following observations are made based on the agreement in [25] and collected results in [26] (as cited in R1-1903459).
· Observation 1: For downlink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 1-6.
· Observation 2: For downlink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 1-6.
· Observation 3: For downlink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 7-12.
· Observation 4: For downlink, two HARQ transmissions can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 7-8.
· Observation 5: For downlink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 9-12.
· Observation 6: For downlink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenarios 13-18.
· Observation 7: For downlink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenarios 13-18.
· Observation 8: For SR-based uplink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 1, 2 and 4.
· Observation 9: For SR-based uplink, a single-shot transmission cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 3, 5 and 6.
· Observation 10: For SR-based uplink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 1-6.
· Observation 11: For SR-based uplink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 7-12.
· Observation 12: For SR-based uplink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 7-12.
· Observation 13: For SR-based uplink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenarios 13-18.
· Observation 14: For SR-based uplink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenarios 13-18.
· Observation 15: For GF uplink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 1-6.
· Observation 16: For GF uplink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenarios 1-6.
· Observation 17: For GF uplink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 7-12.
· Observation 18: For GF uplink, two HARQ transmissions can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 7-10.
· Observation 19: For GF uplink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenarios 11-12.
· Observation 20: For GF uplink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenarios 13-18.
· Observation 21: For GF uplink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenarios 13-18.

Agreements:
· To capture the following tables in the TR:
DL Scenarios
	
	SCS
	# PDCCH MOs
	PDSCH Duration 

	Scenario 1
	30
	4
	2

	Scenario 2
	30
	7
	2

	Scenario 3
	30
	4
	4

	Scenario 4
	30
	7
	4

	Scenario 5
	30
	4
	7

	Scenario 6
	30
	7
	7

	Scenario 7
	60
	4
	2

	Scenario 8
	60
	7
	2

	Scenario 9
	60
	4
	4

	Scenario 10
	60
	7
	4

	Scenario 11
	60
	4
	7

	Scenario 12
	60
	7
	7

	Scenario 13
	120**
	4
	2

	Scenario 14
	120**
	7
	2

	Scenario 15
	120**
	4
	4

	Scenario 16
	120**
	7
	4

	Scenario 17
	120**
	4
	7

	Scenario 18
	120**
	7
	7


** For Scenario 13-18, the assumed TDD UL/DL configuration is [D,D,D,D,D,D,F,F,U,U,U,U,U,U];

SR-Based PUSCH Scenarios
	
	SCS
	# PDCCH MOs
	PUSCH Duration

	Scenario 1
	30
	4
	2

	Scenario 2
	30
	7
	2

	Scenario 3
	30
	4
	4

	Scenario 4
	30
	7
	4

	Scenario 5
	30
	4
	7

	Scenario 6
	30
	7
	7

	Scenario 7
	60
	4
	2

	Scenario 8
	60
	7
	2

	Scenario 9
	60
	4
	4

	Scenario 10
	60
	7
	4

	Scenario 11
	60
	4
	7

	Scenario 12
	60
	7
	7

	Scenario 13
	120**
	4
	2

	Scenario 14
	120**
	7
	2

	Scenario 15
	120**
	4
	4

	Scenario 16
	120**
	7
	4

	Scenario 17
	120**
	4
	7

	Scenario 18
	120**
	7
	7


** For Scenario 13-18, the assumed TDD UL/DL configuration is [D,D,D,D,D,D,F,F,U,U,U,U,U,U];

GF-Based PUSCH Scenarios
	
	SCS
	# PDCCH MOs
	PUSCH Duration

	Scenario 1
	30
	4
	2

	Scenario 2
	30
	7
	2

	Scenario 3
	30
	4
	4

	Scenario 4
	30
	7
	4

	Scenario 5
	30
	4
	7

	Scenario 6
	30
	7
	7

	Scenario 7
	60
	4
	2

	Scenario 8
	60
	7
	2

	Scenario 9
	60
	4
	4

	Scenario 10
	60
	7
	4

	Scenario 11
	60
	4
	7

	Scenario 12
	60
	7
	7

	Scenario 13
	120**
	4
	2

	Scenario 14
	120**
	7
	2

	Scenario 15
	120**
	4
	4

	Scenario 16
	120**
	7
	4

	Scenario 17
	120**
	4
	7

	Scenario 18
	120**
	7
	7


** For Scenario 13-18, the assumed TDD UL/DL configuration is [D,D,D,D,D,D,F,F,U,U,U,U,U,U];
Agreements:
· Observation: For downlink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 19.
· Observation: For downlink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 19.
· Observation: For downlink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 20.
· Observation: For downlink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 20.
· Observation: For downlink, one source [vivo] has shown that a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 21.
· Observation: For downlink, one source [vivo] has shown that two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 21.
· Observation: For downlink, one source [vivo] has shown that a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenario 22.
· Observation: For downlink, one source [vivo] has shown that two HARQ transmissions can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenario 22.
· Observation: For downlink, one source [DCM] has shown that a single-shot transmission cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 23-25.
· Observation: For downlink, one source [DCM] has shown that two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 23-25.
· Observation: For downlink, a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenario 23-25.
· Observation: For downlink, two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenario 23-25.

Agreements:
Capture the following DL scenario description into the TR:
· (*1) Scenario 19 is the same as scenario 1 except that the gNB’s processing time for the initial PDSCH is N2 + X (CATT).
· (*2) Scenario 20 is the same as scenario 3 except that the gNB’s processing time for the initial PDSCH is N2 + X (CATT).
· (*3) Scenario 21 is the same as scenario 2, but 14 PUCCHs and PDCCH MOs per slot are considered (vivo).
· (*4) Scenario 22 is the same as scenario 8, but 14 PUCCHs and PDCCH MOs per slot are considered (vivo).
· (*5) Scenario 23 is the same as scenario 2, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*6) Scenario 24 is the same as scenario 4, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*7) Scenario 25 is the same as scenario 6, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*8) Scenario 26 is the same as scenario 14, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*9) Scenario 27 is the same as scenario 16, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*10) Scenario 28 is the same as scenario 18, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 

Agreements:
Capture the following Conclusions in the TR:
· Conclusion: For downlink, two HARQ transmissions cannot be completed within 1ms under any of the considered scenarios for SCS = 30KHz and FDD.
· Conclusion: For downlink, single-shot transmission can be completed within 1ms under all of the considered scenarios for SCS = 30KHz and FDD.
· Conclusion: For downlink, under some considered FDD scenarios, two HARQ transmissions can be completed within 1ms for SCS = 60KHz.
· Conclusion: For downlink, under all considered FDD scenarios, a single-shot transmission can be completed within 1ms for SCS = 60KHz.
· Conclusion: For downlink, two HARQ transmissions cannot be completed within 1ms under any of the considered TDD scenarios for SCS = 120KHz.
· Conclusion: For downlink, a single-shot transmission can be completed within 1ms under all of the considered TDD scenarios for SCS = 120KHz.

Agreements:
Capture the following scenario description in the TR:
· (*1) Scenario 19 is the same as scenario 2, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*2) Scenario 20 is the same as scenario 4, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*3) Scenario 21 is the same as scenario 6, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*4) Scenario 22 is the same as scenario 14, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*5) Scenario 23 is the same as scenario 16, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*6) Scenario 24 is the same as scenario 18, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 

Agreements:
Capture the following observations in the TR:
· Observation: For SR-based uplink, a single source [DOCOMO] has shown that a single-shot transmission cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 19-21.
· Observation: For SR-based uplink, a single source [DOCOMO] has shown that a two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 19-21.
· Observation: For SR-based uplink, a single source [DOCOMO] has shown that a single-shot transmission cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenario 19-21.
· Observation: For SR-based uplink, a single source [DOCOMO] has shown that a two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenario 19-21.

Agreements:
Capture the following scenario description in the TR:
· (*1) Scenario 19 is the same as scenario 2, but GF-PUSCH duration and periodicity of 1 symbol and 14 PDCCH MOs per slot are assumed (vivo)
· (*2) Scenario 20 is the same as scenario 8, but GF-PUSCH duration and periodicity of 1 symbol and 14 PDCCH MOs per slot are assumed (vivo)
· (*3) Scenario 21 is the same as scenario 2, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*4) Scenario 22 is the same as scenario 4, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*5) Scenario 23 is the same as scenario 6, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*6) Scenario 24 is the same as scenario 14, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*7) Scenario 25 is the same as scenario 16, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 
· (*8) Scenario 26 is the same as scenario 18, but TDD DL/UL configuration of {D10,G2,U2} is considered (DOCOMO). 

Agreements:
Capture the following observations in the TR:
· Observation: For GF uplink, a single source [vivo] has shown that a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 19.
· Observation: For GF uplink, a single source [vivo] has shown that two HARQ transmissions can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 19.
· Observation: For GF uplink, a single source [vivo] has shown that a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenario 20.
· Observation: For GF uplink, a single source [vivo] has shown that two HARQ transmissions can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 60KHz in scenario 20.
· Observation: For GF uplink, a single source [DCM] has shown that a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 21.
· Observation: For GF uplink, a single source [DCM] has shown that a single-shot transmission cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 22-23.
· Observation: For GF uplink, a single source [DCM] has shown that a two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 30KHz in scenario 21-23.
· Observation: For GF uplink, a single source [DCM] has shown that a single-shot transmission can be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenario 24-26.
· Observation: For GF uplink, a single source [DCM] has shown that a two HARQ transmissions cannot be completed within 1ms by considering the Rel. 15 timing capability for SCS = 120KHz in scenario 24-26.

Agreements:
Capture the following conclusions in the TR:
· Conclusion: For SR-based uplink, two HARQ transmissions cannot be completed within 1ms under any of the considered scenarios for SCS = 30KHz and FDD.
· Conclusion: For SR-based uplink, a single-shot transmission can be completed within 1ms under some of the considered scenarios for SCS = 30KHz and FDD.
· Conclusion: For SR-based uplink, , two HARQ transmissions cannot be completed within 1ms under any of the considered scenarios for SCS = 60KHz and FDD.
· Conclusion: For SR-based uplink, under all considered FDD scenarios, a single-shot transmission can be completed within 1ms for SCS = 60KHz.
· Conclusion: For SR-based uplink, two HARQ transmissions cannot be completed within 1ms under any of the considered TDD scenarios for SCS = 120KHz.
· Conclusion: For SR-based uplink a single-shot transmission can be completed within 1ms under any of the considered TDD scenarios for SCS = 120KHz.
· Conclusion: For GF uplink, a single-shot transmission can be completed within 1ms under all of the considered scenarios for SCS = 30KHz and FDD.
· Conclusion: For GF uplink, , two HARQ transmissions can be completed within 1ms under some of the considered scenarios for SCS = 60KHz and FDD.
· Conclusion: For GF uplink, under all considered FDD scenarios, a single-shot transmission can be completed within 1ms for SCS = 60KHz.
· Conclusion: For GF uplink, two HARQ transmissions cannot be completed within 1ms under any of the considered TDD scenarios for SCS = 120KHz.
· Conclusion: For GF uplink a single-shot transmission can be completed within 1ms under some of the considered TDD scenarios for SCS = 120KHz.

Agreements:
For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH. Specify based on the following solutions:
· Solution 1: The UE always processes the second PDSCH. The UE may or may not drop the processing of the first channel.
· Solution 2: The UE processes both the first and second PDSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first and second channels under some conditions, e.g. using the CA capability. The conditions are reported as a UE capability. If the conditions are not satisfied, the UE behavior is not defined. 
· FFS: The details of the UE capability.
· Solution 4: 
· A UE drops (terminates) the processing of the first PDSCH.
· Alt1: The UE always drops the first PDSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first channel.
· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and second PDSCHs, the gap between the two PUCCHs carrying HARQ-ACK, etc.
· The UE behavior, e.g., decision on dropping the first channel and timing capability associated with the second channel, is determined, and is fixed, after decoding the PDCCH associated with the first and the second PDSCH. 
· When the UE drops the processing of the first channel, increasing the minimum PDSCH processing procedure time (N1) of the second PDSCH by d symbols can be considered.
· FFS the value of d. 
· Dropping the processing of the first PDSCH can be done in one of the two ways:
· Alt1: dropping the processing of the first PDSCH on the same serving cell 
· Alt2: dropping the processing of a PDSCH(s) on the same cell or a different serving cell.
· The UE only expects a maximum of one OOO PDSCH-to-HARQ-ACK flow on the active BWP of a given serving cell when applicable
· FFS whether or not, out-of-order operation is allowed across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.

Agreements:
Capture the following text in the TR:
· [R1-1903706] evaluated the possible latency reduction by allowing the PDSCH/PUSCH to cross the slot boundary. 

Agreements:
For a Rel. 16 UE, on the active BWP of a given serving cell, the UE can be scheduled with a second PUSCH associated with HARQ process x starting earlier than the ending symbol of the first PUSCH associated with HARQ process y (x != y) with a PDCCH that does not end earlier than the ending symbol of first scheduling PDCCH.  Specify based on the following solutions:
· Solution 1: The UE always processes the second scheduled PUSCH. The UE may or may not drop the processing of the first scheduled PUSCH.
· If the first scheduled and second scheduled PUSCHs are not colliding in the time domain:
· Solution 2: The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first scheduled and second scheduled PUSCHs under some conditions. The conditions are reported as a UE capability.
· FFS: The details of the UE capability.
· Solution 4: 
· A UE drops (terminates) the processing of the first scheduled PUSCH.
· Alt1: The UE always drops the first scheduled PUSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH.
· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and the second PUSCHs, etc.
· The UE behavior, e.g., decision on dropping the first scheduled PUSCH and timing capability associated with the second scheduled PUSCH, is determined, and is fixed, after decoding the PDCCH associated with first and the second scheduled PUSCHs. 
· When the UE drops the processing of the first scheduled PUSCH, increasing the minimum PUSCH preparation procedure time (N2) of the second PUSCH by d symbols can be  considered.
· FFS the value of d. 
· Dropping the processing of the first scheduled PUSCH can be done in one of the two ways:
· Alt1: dropping the processing of the first scheduled PUSCH on the same serving cell 
· Alt2: dropping the processing of a PUSCH(s) on the same cell or different serving cell.
· The UE only expects a maximum of one OOO PDCCH-to-PUSCH flow on the active BWP of a given serving cell when applicable.
· FFS whether or not out-of-order operation is allowed across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.
· If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, the UE drops the processing and the transmission of the first scheduled PUSCH.
· For dropping, the scheduling limitations do not apply. The UE always drops the first scheduled PUSCH.
· Other details of dropping are as those of the solution 4. 
Agreements:
Capture the following TP for TR 38.824 Section 6.4.1.5 (a new subsection):
· A non-periodic SR scheme has been discussed in [m], [n] for latency reduction and overhead reduction. 
[m] R1-1901589, “Additional Results for Underlay Scheduling Request for NR Rel. 16,” Idaho National Laboratory, RAN1#96 meeting, Feb-March, 2019, Athens, Greece.
[n] R1-1900015, “Underlay Scheduling Request for NR Rel. 16 and Latest Results,” Idaho National Laboratory, RAN1 AH January 2019 meeting, Taipei, Taiwan.


UL inter UE Tx prioritization/multiplexing 
Agreements:
Update the observations for link level simulations for TR38.824 section 7.1 “performance evaluation”
· For URLLC with low MCS level
· Three sources (source 1/2/3) observed 0.2dB~1dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#0 and collides with another eMBB PUSCH transmission, compared to the baseline with URLLC only PUSCH transmission using MCS#0, assuming MMSE-IRC receiver is used at the gNB and 0dB power offset. 
· Two sources (source 2/3) observed the loss can be reduced to 0.2dB~0.5dB, when URLLC power is 3dB higher than eMBB
· One source (source 1) observed the loss can be negligible if MMSE-SIC receiver is used at the gNB  (eMBB and URLLC are decoded with two hypothesis)  and 0 dB power offset assuming orthogonal DMRS between eMBB and URLLC
· One source (source 19) observed 1.5dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#3 and collides with another eMBB PUSCH transmission, compared to the baseline with URLLC only PUSCH transmission using MCS#3, assuming MMSE-IRC receiver is used at the gNB and 0dB power offset, and the loss can be reduced to 0.7dB when URLLC power is 3dB higher than eMBB.
· For URLLC with medium MCS level
· Two Three sources (source 2/3/13) observed 1.8dB~6dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#6 and collides with another eMBB PUSCH transmission, compared to the baseline with URLLC only PUSCH transmission using MCS#6, assuming MMSE-IRC receiver (source 2/3) or MMSE receive (source 13) is used at the gNB. 
· The same two sources observed the loss can be reduced to 0.4dB~2dB, when URLLC power is 3dB higher than eMBB
· One source (Source 13) observed the loss cannot be reduced if MMSE-SIC receiver is used assuming case 1 DMRS assumption between eMBB and URLLC
· For URLLC with higher MCS level
· One source (source 1) observed about 3.2dB required SNR loss for URLLC BLER target 10-4 when URLLC PUSCH uses MCS#14 and collides with another eMBB PUSCH transmission using MCS#14 or 23 (for the higher SE table), compared to the baseline with URLLC only PUSCH transmission using MCS#14, assuming MMSE receiver is used at the gNB and 0dB power offset.
· The same source observed that when no power offset is applied to the URLLC, if MMSE-SIC receiver is used at the gNB (eMBB and URLLC are decoded with two hypothesis), the loss can be reduced to 0.5dB for the case with URLLC MCS#14 and eMBB MCS#14, assuming orthogonal DMRS between eMBB and URLLC. However, the loss cannot be reduced by MMSE-SIC receiver for the case with URLLC MCS#14 and eMBB MCS#23. 
· One Two sources (source 3/19) observed URLLC error floor at 10-1~10-2  10-3 when URLLC PUSCH uses MCS#10 or 14 and collides with another eMBB PUSCH transmission using 16QAM or 64QAM, compared to the baseline with URLLC only PUSCH transmission using MCS#10 or 14, assuming MMSE-IRC receiver is used at the gNB and 0dB or 3dB power offset between URLLC and eMBB
Note: For SIC receiver, if eMBB transmission ends later than URLLC, the latency performance of URLLC may be impacted if the eMBB is decoded first.
· For eMBB with lower MCS level (QPSK modulation)
· Two sources (source 1/8) observed  up to 0.5dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#0 or 2 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE-IRC (source 1) or MMSE (source 8)  receiver is used at the gNB and 0dB power offset. 
· One source (source 1) observed the loss can be negligible, if MMSE-SIC receiver (eMBB and URLLC are decoded with two hypothesis)  is used assuming case-1 DMRS between eMBB and URLLC.
· One source (source 8) observed 0.3dB~2dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#6 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE receiver is used at the gNB and 0dB power offset.
· For eMBB with higher MCS level (16QAM or 64QAM)
· OneThree source (source 1/13/19) observed 0.91dB~1.6dB required SNR loss for eMBB BLER target 10-1  when eMBB PUSCH uses MCS#10, 12, 14 or 23 and collides with another URLLC PUSCH transmission, compared to the baseline with eMBB only PUSCH transmission assuming MMSE-IRC receiver (source 1/19), or MMSE receiver (source 13) is used at the gNB and 0dB power offset. Another source (source 4) observed 8dB loss. One source (source 19) observed 2.5dB loss for eMBB when URLLC has 3dB higher power than eMBB. One source (source 19) observed eMBB error floor, (i.e. 10-1 BLER cannot be reached) when eMBB using MCS#12 has a full bandwidth collision with URLLC using MCS#3 during 2 OFDM symbols. 
· One Two source (source 1/13) observed that the loss can be reduced to 0.2~0.3dB, if MMSE-SIC receiver is used at the gNB (eMBB and URLLC are decoded with two hypothesis), assuming case-1 DMRS between eMBB and URLLC.
Agreements:
Capture additional link level simulation results in TR38.824 section 7.1 “performance evaluation”
Comparison of required SNR for single URLLC transmission with 10-4 BLER target
	
	Required SNR for URLLC 10-4 BLER
(URLLC only, baseline)
	Required SNR for URLLC 10-4 BLER when colliding with eMBB (0dB power offset)
	Required SNR for URLLC 10-4 BLER when colliding with eMBB (3dB power offset)
	Key Assumptions

	Source 13: CATT
(R1-1902006)

	-4dB 
	-2dB
(2dB loss)
	N/A
	URLLC MCS#6(120/1024, QPSK)
eMBB MCS#10 (340/1024,16QAM)
MMSE receiver
Case-1 DMRS assumption

	Source 13: CATT
(R1-1902006)

	-4dB
	1.7dB
(5.7dB loss)
	N/A
	URLLC MCS#6(120/1024, QPSK)
eMBB MCS#10 (340/1024,16QAM)
MMSE receiver
Case-2 DMRS assumption

	Source 13: CATT
(R1-1902006)

	-4dB
	-2.2dB
(1.8 dB loss)
	N/A
	URLLC MCS#6(120/1024, QPSK)
eMBB MCS#10 (340/1024,16QAM)
MMSE-SIC receiver (CRC-based hard IC)
Case-1 DMRS assumption

	Source 19:
LG
(R1-1903243)
	-7.2dB 
	-5.7dB
(1.5dB loss)
	-6.5dB
(0.7dB loss)
	URLLC MCS #3 (64/1024, QPSK)
eMBB MCS#12 of existing 64QAM table
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 19:
LG
(R1-1903243)
	1.3dB
	Error floor
	Error floor
	URLLC MCS #10 (308/1024, QPSK)
eMBB MCS#12 of existing 64QAM table
MMSE-IRC receiver
Case-2 DMRS assumption



Comparison of required SNR for single eMBB transmission with 10-1 BLER target
	
	Required SNR for eMBB 10-1 BLER
(eMBB only, baseline)
	Required SNR for eMBB 10-1 BLER when colliding with URLLC (0dB power offset)
	Required SNR for eMBB 10-1 BLER when colliding with URLLC (3dB power boost)
	Key Assumptions

	Source 13: CATT
(R1-1902006)

	0.9dB
	1.9dB
(1dB loss)
	N/A
	URLLC MCS#6(120/1024, QPSK)
eMBB MCS#10 (340/1024,16QAM)
MMSE receiver
Case-1 DMRS assumption

	Source 13: CATT
(R1-1902006)

	0.9dB
	2dB
(1.1dB loss)
	N/A
	URLLC MCS#6(120/1024, QPSK)
eMBB MCS#10 (340/1024,16QAM)
MMSE receiver
Case-2 DMRS assumption

	Source 13: CATT
(R1-1902006)

	0.9dB
	1.1dB
(0.2dB loss)
	N/A
	URLLC MCS#6(120/1024, QPSK)
eMBB MCS#10 (340/1024,16QAM)
MMSE-SIC receiver (CRC-based hard IC)
Case-1 DMRS assumption

	Source 19:
LG
(R1-1903243)
	2.5dB
	3.4 dB (0.9 dB loss)
	5dB (2.5 dB loss)
	URLLC MCS #10 (308/1024, QPSK)
eMBB MCS#12 of existing 64QAM table
MMSE-IRC receiver
Case-2 DMRS assumption

	Source 19:
LG
(R1-1903243)
	2.5dB
	Error floor
	Error floor
	URLLC MCS #3 (64/1024, QPSK)
eMBB MCS#12 of existing 64QAM table
MMSE-IRC receiver
Case-2 DMRS assumption



Observations:
· From URLLC perspective,
· Comparing enhanced schemes with Rel-15 baseline scheme
· Two sources (source 5/10) show better URLLC performance  (URLLC capacity or percentage of URLLC UEs satisfying the requirement) in UMa scenario for UL cancelation scheme, compared to a Rel-15 baseline scheme using semi-static power setting of eMBB and URLLC. One source (source 8) shows almost the same performance between the two cases. One source (source 10) shows degraded URLLC performance (percentage of URLLC UEs satisfying the requirement) in InH scenario for UL cancelation scheme, compared to a Rel-15 baseline case where URLLC has 8dB higher power than eMBB using semi-static power setting. 
· One source(source 6) show better URLLC performance  (URLLC capacity or percentage of URLLC UEs satisfying the requirement) for enhanced schemes, compared to a Rel-15 baseline scheme using orthogonal scheduling of eMBB and URLLC in UMa scenario. One source (source 1) shows almost the same URLLC performance for enhanced schemes compared to a Rel-15 baseline scheme using orthogonal scheduling of eMBB and URLL in UMa scenario. The enhanced schemes include UL cancelation and enhanced dynamic power control. 
· Two sources (source 9/10) show that 100% URLLC UE satisfying the requirement can only be achieved when the URLLC traffic load is low and the colliding eMBB transmission power is 5dB or 8dB lower than URLLC using semi-static power setting, while for higher URLLC traffic loads, source 9 shows that it is not possible to reach the URLLC performance requirement without removing the colliding eMBB transmission. 
· One source (source 7) shows better almost the same URLLC performance for enhanced schemes, compared to a Rel-15 baseline using orthogonal scheduling of eMBB and URLLC TPC. The percentage of packets satisfying reliability and latency requirements is used as the URLLC performance metric, which is different from the agreed URLLC performance metric option 1 or option 2. 
· Comparing UL cancelation scheme and enhanced power control scheme
· Two One sources (source 5/6) show better URLLC performance (URLLC capacity or percentage of URLLC UEs satisfying the requirement) for UL cancelation scheme than enhanced dynamic power control scheme using enhanced TPC range of up to 6dB. The URLLC performance metric include throughput or percentage of URLLC UEs fulfilling the requirement. 
· One source (source 1) shows almost the same URLLC performance (percentage of URLLC UEs satisfying the requirement) between UL cancelation scheme and enhanced UL power control scheme.  In the evaluation by source 1, the enhanced UL power control is such that URLLC is always power boosted by 6dB higher than eMBB since eMBB and URLLC are assumed to always collide in the evaluation. 
· From eMBB perspective,
· Comparing enhanced schemes with Rel-15 baseline scheme,
· Two sources (source 1/6/10) show degraded eMBB throughput in UMa scenario for UL cancelation, compared to orthogonal scheduling of eMBB and URLLC when TB-level retransmission is used for eMBB.
· One (source 6) shows degraded eMBB throughput in UMa scenario for enhanced dynamic power control, using enhanced TPC range of up to 6dB, compared to Rel-15 baseline.
· One source (source 10) shows improved eMBB throughput in InH scenario for UL cancelation with CBG-level retransmission, compared to Rel-15 baseline using orthogonal scheduling of eMBB and URLLC, or semi-static power setting.  
· One source (source 10) shows improved eMBB throughput in UMa scenario for UL cancelation with CBG-level retransmission, compared to semi-static power setting.
· Comparing UL cancelation scheme and enhanced power control scheme
· Two One sources (source 1/8) show better eMBB throughput for enhanced power control, compared to UL cancelation. In the evaluation by source 1, the enhanced UL power control is such that URLLC is always power boosted by 6dB higher than eMBB since eMBB and URLLC are assumed to always collide in the evaluation.
· One source (source 6) shows better eMBB throughput for UL cancelation, compared to enhanced dynamic power control, using enhanced TPC range of up to 6dB. 
Note: in the above observations, the corresponding additional overhead to support the enhanced scheme(s) was not reported and summarized.
Agreements:
Capture the following system level evaluation results in TR38.824 section 7.1 “performance evaluation” 
	Source
	Simulated cases/schemes
	URLLC performance 
	eMBB performance
	Resource utilization
	Simulated scenario and key assumptions
	Observations

	Source 1
(Huawei R1-1901561)
	Case 1: Orthogonal scheduling (Rel-15 baseline)
eMBB 4OS, URLLC 4OS
	Ratio of  URLLC users fulfilling URLLC requirements
=0.70202
	1.7867 bps/Hz
	URLLC RU =0.034
	R15 enabled use case, Urban macro with 500m ISD
40MHz BW@ 4GHz, 30 kHz SCS
URLLC: Low URLLC traffic arriving rate, FTP model 3 with 120 p/s arrival rate, 32Bytes
URLLC target: 1ms, 99.999%
eMBB: Full buffer
No retransmissions
BS receiver: MMSE
Number of generated packets per URLLC user in the simulation is 10^6  
	No evident gain for UL cancelation  

	
	Case 2
UL cancelation for Embb
eMBB 12OS
URLLC 4OS
	Ratio of  URLLC users fulfilling URLLC requirements
=0.71728
	1.6939 bps/Hz
	URLLC RU=0.033
	
	

	
	Case 3
Dynamic URLLC power boosting
eMBB 12OS
URLLC 4OS
	Ratio of  URLLC users fulfilling URLLC requirements
=0.70000
	1.7959bps/Hz 
	URLLC RU=0.033
	
	

	Source 5 (Qualcomm
R1-1903008)

	Case 1
UL cancelation for eMBB
	100% packets fulfills URLLC requirements,
URLLC throughput :
16.13Mbps for 20MHz BW
5.38Mbps for 10MHz BW
1.08Mbps for 5MHz BW
	N/A
	URLLC RU
63.9% for 20MHz BW
41.7% for 10MHz BW
17.3% for 5MHz BW
	Macro with 200m ISD
20MHz /10MHz/5MHz@2GHz
30KHz/NCP
Retransmission: IR
Target URLLC requirement : 1e-5 with 1ms latency bound
URLLC traffic arrival: Poisson with 32-byte packets (FTP3), swept over a wide range to find the largest one that is supported in the network
eMBB: full buffer
BS receiver: L-MMSE
eMBB 14OS
URLLC 2OS

Number of generated packets per URLLC user in the simulation is 4.5x10^5
	1. Semi-static power control of eMBB UEs significantly degrades the URLLC performance, unless the target received data SNR of eMBB is very low, resulting in significantly degraded eMBB performance.
2. FDM-ing URLLC and eMBB is also not a good idea as the capacity drops super-linearly as the URLLC frequency resources are reduced.

	
	Case 2 
Semi-static power control with 18dB offset between URLLC and eMBB
	100% packets fulfills URLLC requirements,
URLLC throughput :
15.05Mbps for 20MHz BW
5.38Mbps for 10MHz BW
1.08Mbps for 5MHz BW
	N/A
	URLLC RU
63.8% for 20MHz BW
44.5% for 10MHz BW
18.6%for 5MHz BW
	
	

	
	Case 3: 
Semi-static power control with 12dB offset between URLLC and eMBB
	100% packets fulfills URLLC requirements,
URLLC throughput :
11.83Mbps for 20MHz BW
4.3Mbps for 10MHz BW
0Mbps for 5MHz BW
	N/A
	URLLC RU
58.8% for 20MHz BW
41.3% for 10MHz BW
0% for 5MHz BW
	
	

	
	Case 4: 
Semi-static power control with 6dB offset between URLLC and eMBB
	100% packets fulfills URLLC requirements,
URLLC throughput :
5.38Mbps for 20MHz BW
2.15Mbps for 10MHz BW
0Mbps for 5MHz BW
	N/A
	URLLC RU
39.4%for 20MHz BW
28.1% for 10MHz BW
0% for 5MHz BW
	
	

	
	Case 5: 
Semi-static power control with 0dB offset between URLLC and eMBB
	100% packets fulfills URLLC requirements,
URLLC throughput :
2.15Mbps for 20MHz BW
0Mbps for 10/5MHz BW
	N/A
	URLLC RU
25.4% for 20MHz BW
0% for 10/5MHz BW
	
	

	Source 5 (Qualcomm
R1-1903008)

	Case 1:
UL cancellation for URLLC
	95% of the users satisfying the requirements: URLLC per UE packet arrival rate per second at capacity: 4100 
	N/A
	40MHz BW:
URLLC RU
21% @1500 arrival rate, 24% @1700 arrival rate, and 58% @4100 arrival rate
	R15 enabled use case, Urban macro with 500m ISD, 40MHZ @4GHz and SCS = 30KHz     eMBB traffic: full buffer, BS receiver: MMSE
eMBB 14OS
URLLC 2OS

Number of generated packets per URLLC user in the simulation is around 4.5x10^5
	ULPI gain over TPC ranges from 2.41x to 2.73x.
It is observed that RU for URLLC with ULPI is much less than that of with power control. For example, at the same arrival rate, URLLC’s RU with ULPI is almost half of that with power boosting. This shows ULPI not only benefits URLLC but also eMBB UE, as more resources will be left for eMBB utilization

	
	Case 2:
TPC without power boosting and the same target SNR for both eMBB and URLLC
	95% of the users satisfying the requirements: URLLC per UE packet arrival rate per second at capacity: 1500
	N/A
	40MHz BW:
URLLC RU
43% @1500 arrival rate
	
	

	
	Case 3:
TPC with power boosting; URLLC has 3dB higher target SNR than eMBB
	95% of the users satisfying the requirements: URLLC per UE packet arrival rate per second at capacity: 1700
	N/A
	40MHz BW:
URLLC RU
44% @1700 arrival rate
	
	

	Source 6 
(ZTE, R1-1901772)
	Case 1: 
Rel-15 baseline
	% of URLLC UEs fulfil the latency and reliability requirement =87.14%
	Mean UPT = 0.3143Mbps
5% UPT = 0.0773 Mbps
50% UPT = 0.3288Mbps
95% UPT = 0.5490Mbps

	eMBB RU =0.8092
	Macro with 500m ISD
80% of users are outdoors and 20% of users are indoors 
40MHz @ 4GHz, 30 kHz SCS
1ms (air interface delay)/99.999
eMBB: 

FTP Model 3 with Poisson arrival 
- Packet size: 50~ 600 bytes Pareto distribution, with shaping parameter alpha = 1.5.
URLLC: 
- Periodic with arrival rate of 1 packet per 2ms
- Packet size: 32bytes
BS receiver: MMSE-IRC
eMBB 14OS
URLLC 4OS

Number of generated packets per URLLC user in the simulation is around 5x10^5
	1. UL cancelation mechanism with resuming and group common signaling has a better performance compared to UL cancelation mechanism with UE-specific rescheduling signaling.

2. UL cancelation mechanism with resuming and group common signaling has a better performance compared to UL power control mechanism.

	
	Case 2:
UL cancelation with UE-specific re-scheduling
	% of URLLC UEs fulfil the latency and reliability requirement =93.81%
	Mean UPT = 0.2258Mbps
5% UPT = 0.0732 Mbps
50% UPT = 0.1857Mbps
95% UPT = 0.4605Mbps
	eMBB RU =0.7465
	
	

	
	Case 3:
UL cancelation with resuming and GC-PDCCH
	% of URLLC UEs fulfil the latency and reliability requirement =95.24%
	Mean UPT = 0.3086Mbps
5% UPT = 0.0762 Mbps
50% UPT = 0.3191Mbps
95% UPT = 0.5352Mbps
	eMBB RU =0.7648
	
	

	
	Case 4:
Dynamic power control for URLLC (+6dB power boosting for URLLC)
	% of URLLC UEs fulfil the latency and reliability requirement =89.05%
	Mean UPT = 0.2900Mbps
5% UPT = 0.0760 Mbps
50% UPT = 0.2722Mbps
95% UPT = 0.5212Mbps
	eMBB RU =0.8141
	
	

	Source 7
(MediaTek, R1-1901826)
	Case 1:
No enhanced scheme
	% of URLLC packets fulfil the latency and reliability requirement =94.42%
Note: The used metric is not aligned with the agreed metric option 1 and 2
	N/A
	> 80% 
	Power distribution
100 MHz @ 4 GHz, 30KHz SCS
URLLC: ftp model 3 with 2ms arrival interval, 100 bytes 
eMBB: ftp model 3 with 1ms arrival interval, 1500 bytes
Retransmisison: Chase combining
URLLC latency requirement: 2ms
BS receiver: MRC
Power control for URLLC: absolute only with TPC steps [-3, -1, 1, 3] dB
Simulation time: 5s
eMBB 14OS
URLLC 4OS
Number of generated packets per URLLC user in the simulation is 2500
	Power control solution achieves better latency performance than PI.

	
	Case 2: 
Dynamic power control for URLLC
	% of URLLC packets fulfil the latency and reliability requirement =99.55%
Note: The used metric is not aligned with the agreed metric option 1 and 2
	N/A
	> 80%
	
	

	
	Case 3:
UL cancelation for eMBB
	% of URLLC packets fulfil the latency and reliability requirement =99.01%
Note: The used metric is not aligned with the agreed metric option 1 and 2
	N/A
	> 80%
	
	

	Source 8
(Samsung, R1-1901284)
	Case 1:
Dynamic power control
	% of URLLC UEs fulfil the latency and reliability requirement  =90.3%
	Average eMBB SE  0.7751 bps/Hz
	52%
	Power distribution, 500m ISD
40MHz BW@4GHz, 30KHz SCS
URLLC: 100 bytes, FTP model 3 with arrival interval 100 ms, 
Generated URLLC packets: 1500 
eMBB: FTP model 3 with 0.5 Mbytes
URLLC requirement: 99.9999%, 2ms latency
BS receiver: MMSE-IRC
eMBB 14OS
URLLC 2OS
Number of generated packets per URLLC user in the simulation is around 1500
	1. Power control shows improved average eMBB spectral efficiency relative to UL cancelation indication by about 15%
2.Power control shows a slightly worse performance than UL cancelation indication by about 2% regarding percentage of UEs satisfying reliability and latency requirements under ideal assumptions for UL cancelation indication.

	
	Case 2:
UL cancelation (ideal) 
	% of URLLC UEs fulfil the latency and reliability requirement  =92.5%
	Average eMBB SE  0.6571  bps/Hz
	52%
	
	

	Source 9
(Nokia, R1-1900931)
	Case 1:
URLLC only, low URLLC load
	URLLC outage = 0
	N/A
	1.5%
	Macro, 500m ISD
10 MHz @ 4GHz, 15KHz 
FTP Model 3 with average arrival interval of 100 ms for each URLLC UE, 32 bytes
Full-buffer for eMBB UEs
Number of URLLC UEs per cell: 10 for low URLLC load, and 300 for high URLLC load
Number of eMBB UEs per cell: 0 (no eMBB interference baseline), 1 (single UE) and 2 (simultaneous MU-MIMO streams)  
Open loop power control with full path-loss compensation for URLLC (α=1), and fractional path-loss compensation for eMBB (α=0.7 or α=1)
BS receiver: MMSE-IRC
eMBB 14OS
URLLC 2OS
Number of generated packets per URLLC user in the simulation is around 5x10^5 for high load and ~1.7x10^4 for low load
	1.Having colliding URLLC and eMBB transmission is only feasible for low URLLC loads with at maximum one co-scheduled eMBB user, when using 5 dB lower Po value for eMBB, and accepting the eMBB performance loss from this.
2. For higher URLLC loads, or if more than one eMBB user is (MU-MIMO) co-scheduled, the URLLC targets are only achieved when not colliding with eMBB.
3.Presented performance results therefore confirm our hypothesis that it is beneficial to avoid eMBB transmission to overlap with URLLC transmissions.

	
	Case 2:
URLLC and 1 eMBB user,
low URLLC load
	URLLC outage = 0 when eMBB α=1, P0=-113;
URLLC outage = 2.5e-5 when eMBB α=1, P0=-108;
URLLC outage = 2.4e-5 when eMBB α=0.7, P0=-78;
	N/A
	100%
	
	

	
	Case 3:
URLLC and 1 eMBB user,
low URLLC load
	URLLC outage = 2.6e-5 when eMBB α=1, P0=-113;
URLLC outage = 2.6e-4 when eMBB α=1, P0=-108;
URLLC outage = 3e-4 when eMBB α=0.7, P0=-78;
	N/A
	100%
	
	

	
	Case 4:
URLLC only, 
High URLLC load
	URLLC outage = 1.2e-5
	N/A
	35%
	
	

	
	Case 5:
URLLC and 1 eMBB user,
High URLLC load
	URLLC outage = 8e-5 when eMBB α=1, P0=-113;
URLLC outage = 2.6e-4 when eMBB α=1, P0=-108;
URLLC outage = 2.3e-4 when eMBB α=0.7, P0=-78;
	N/A
	100%
	
	

	
	Case 6:
URLLC and 2 eMBB user,
High URLLC load
	URLLC outage = 2e-4 when eMBB α=1, P0=-113;
URLLC outage = 1.1e-3 when eMBB α=1, P0=-108;
URLLC outage = 1.2e-3 when eMBB α=0.7, P0=-78;
	N/A
	100%
	
	

	Source 10 (Intel, R1-1902497)
	Case 1
URLLC Only
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 100%
@ 1.2Mbps URLLC load,
Ratio of satisfied URLLC UEs is 100%

	N/A

	@ 0.4Mbps URLLC RU = 10.8%,
@1.2Mbps
URLLC RU = 32.3%
	Rel 15 InH 
BS: 4 Rx
UE: 1 Tx,
20MHz, SCS = 30kHz, NCP Resource granularity: 7OS
Link adaptation: URLLC (fixed low MCS), eMBB (LA with outer loop)
Retransmission: TB/CBG-based.
Target URLLC requirement : 1e-4 with 1ms latency bound
URLLC traffic arrival: Poisson with 32-byte packets (FTP3), 10 URLLC UEs
eMBB: full buffer, 2 eMBB UEs
BS receiver: L-MMSE
URLLC: P0 to achieve target SNR = 20 dB, alpha = 0.8. Power boost of 0, 4, 8 dB
eMBB: P0 to achieve target SNR = 20 dB, alpha = 0.8
eMBB 7OS
URLLC 7OS
Number of generated packets per URLLC user in the simulation is around 10^5
	From URLLC performance perspective, in InH scenario
1. In case of dynamic scheduling, URLLC capacity is worse than URLLC-only scenario and is limited by inter-cell interference from full-buffer eMBB transmissions
2.Overlapped transmissions with same power control setting drops URLLC performance significantly. 
3. Moderate power boosting (4 dB) restores URLLC performance to similar level as non-overlapped scheduling.
4. High power boosting (8 dB) results in URLLC capacity similar to URLLC-only scenario by overcoming inter-cell interference limitation from full buffer eMBB transmissions

From eMBB performance perspective, in InH scenario
1.Usage of UL cancellation indication together with TB-based retransmissions provides worst performance among the considered schemes due to resource wastage when only a part of a TB was cancelled
2.Usage of UL cancellation indication together with CBG-based retransmissions provides performance comparable / better than dynamic scheduling with same timescale
3. Overlapped transmissions with same power control setting leads to eMBB performance comparable to dynamic scheduling and UL cancellation
4. Power boosting of URLLC degrades eMBB performance down to the case of cancellation with TB-based retransmissions

	
	Case 2
eMBB only
	N/A
	14.3Mbps
	eMBB full buffer
	
	

	
	Case 3 
No overlap. This case includes 
Case 3-1) dynamic scheduling with same scheduling granularity (both 7 OS), 
Case 3-2) UL cancellation by PI. eMBB transmission is dropped for the overlapping part.
For Case 3-2), eMBB retransmission can be Case 3-2-1) TB-based or Case 3-2-2) CBG-based.
i. 
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 95%
@ 1.2Mbps URLLC load,
Ratio of satisfied URLLC UEs is 94%
	Case 3-1) 
@ 0.4Mbps eMBB throughput = 11.8 Mbps
@ 1.2Mbps eMBB throughput = 7.8Mbps
	@ 0.4Mbps URLLC RU = 10.8%,
@1.2Mbps
URLLC RU = 32.3%
	
	

	
	
	
	Case 3-2-1)
@ 0.4Mbps eMBB throughput = 8 Mbps
@ 1.2Mbps eMBB throughput = 3.7 Mbps
	
	
	

	
	
	
	Case 3-2-2)
@ 0.4Mbps eMBB throughput = 12 Mbps
@ 1.2Mbps eMBB throughput = 8.1 Mbps
	
	
	

	
	Case 4: 
Overlap with same power setting
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 75%
@ 1.2Mbps URLLC load,
Ratio of satisfied URLLC UEs is 71%
	@ 0.4Mbps eMBB throughput = 11.8 Mbps
@ 1.2Mbps eMBB throughput = 9 Mbps
	@ 0.4Mbps URLLC RU = 10.8%,
@1.2Mbps
URLLC RU = 32.3%
	
	

	
	Case 5: 
Semi-static power control with 4dB offset between eMBB and URLLC
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 96%
@ 1.2Mbps URLLC load,
Ratio of satisfied URLLC UEs is 93%
	@ 0.4Mbps eMBB throughput = 10 Mbps
@ 1.2Mbps eMBB throughput = 6 Mbps
	@ 0.4Mbps URLLC RU = 10.8%,
@1.2Mbps
URLLC RU = 32.3%
	
	

	
	Case 6: 
Semi-static power control with 8dB offset between eMBB and URLLC
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 100%
@ 1.2Mbps URLLC load,
Ratio of satisfied URLLC UEs is 98%
	@ 0.4Mbps eMBB throughput = 8 Mbps
@ 1.2Mbps eMBB throughput = 3.9 Mbps
	@ 0.4Mbps URLLC RU = 10.8%,
@1.2Mbps
URLLC RU = 32.3%
	
	

	Source 10 (Intel, R1-1902497)
	Case 1
URLLC Only
	@ 0.4Mbps URLLC load,
Ratio of satisfied URLLC UEs is 88%
@ 1.0Mbps URLLC load,
Ratio of satisfied URLLC UEs is 77%

	N/A

	@ 0.4Mbps URLLC RU = 6.3%,
@1.0Mbps
URLLC RU = 25.9%
	Rel 15 UMa
BS: 4 Rx
UE: 1 Tx,
40MHz, SCS = 30kHz, NCP Resource granularity: 7OS
Link adaptation: URLLC (fixed low MCS), eMBB (LA with outer loop)
Retransmission: TB/CBG-based.
Target URLLC requirement : 1e-4 with 1ms latency bound
URLLC traffic arrival: Poisson with 32-byte packets (FTP3), 10 URLLC UEs
eMBB: full buffer, 2 eMBB UEs
BS receiver: L-MMSE
URLLC: P0 to achieve target SNR = 20 dB, alpha = 0.8. Power boost of 0, 4, 8 dB
eMBB: P0 to achieve target SNR = 20 dB, alpha = 0.8
eMBB 7OS
URLLC 7OS
Number of generated packets per URLLC user in the simulation is around 10^5
	From URLLC performance perspective, in UMa scenario 
1. In case of dynamic scheduling, URLLC capacity is worse than in URLLC-only scenario and is limited by inter-cell interference from full-buffer eMBB transmissions
2. Overlapped transmissions with same power control setting and even with power boosting degrades URLLC performance significantly due to significant power limitation in UMa compared to InH
3. High power boosting (8 dB) only slightly improves URLLC capacity and but still quite inferior to orthogonal URLLC transmission in URLLC-only and No overlap cases.

From eMBB performance perspective, in UMa scenario
1. Usage of UL cancellation indication together with TB-based retransmissions provides worst performance among the considered schemes due to resource wastage when only a part of a TB was cancelled
2. Dynamic scheduling with same time scale as URLLC provides better performance compared to both PI-based and overlapped transmission.
3. PI with CBG-based retransmissions provide performance better than overlapped transmission with URLLC power boosting and PI with TB-based retransmission, and comparable performance to overlapped transmission with same power setting.
4. Overlapped transmissions leads to eMBB performance improvement compared to PI with TB-based retransmission. 



Agreements:
To document the following in the TR section “7.1.1 Link level simulation”.
[2129 Sequans][2420 OPPO][3008 Qualcomm] provided the link level evaluation for the signalling of UL cancelation.
Agreements:
· Recommend both UL cancelation scheme and enhanced UL power control scheme to be specified. 


Enhanced UL grant-free transmissions 
Conclusion:
· Capture the simulation results in Table 1-1 in R1-1903707 into the TR section 8.1 “performance evaluation” as the outcome of the study.
Conclusion:
· There is no consensus on the necessity of explicit HARQ-ACK for configured grant PUSCH for this SI. 

Remaining details on evaluation methodology 
Agreements:
· To Capture Table 2.1-1 in R1-1903723 in TR 38.824.  
· Agree on the corresponding observations (2.1-1 to 2.1-8)
· Agree on observations (2.1-9 and 2.1-10)

Agreements:
· To Capture the update as in Table 2.2-1 in R1-1903723 in TR 38.824.  
· Agree on the corresponding observations (2.2-1 and 2.2-2)

Agreements:
· To Capture the update as in Table 2.3-1 in R1-1903723 in TR 38.824.  
· Agree on the corresponding observations (2.3-1 and 2.3-2)

Agreements:
· To Capture the update as in Table 2.4-1 in R1-1903723 in TR 38.824.  
· Agree on the corresponding observations (2.4-1 and 2.4-2)

2.1.2	Remaining Open issues
None. 
2.2	RAN2
2.2.1	Agreements
2.2.2	Remaining Open issues 
2.3	RAN3
2.3.1	Agreements
2.3.2	Remaining Open issues
2.4	RAN4
2.4.1	Agreements
2.4.2	Remaining Open issues
2.5	RAN5
2.5.1	Agreements
2.5.2	Remaining Open issues
2.5.3	Remaining Open issues with cross-WG dependencies
2.6	RAN6
2.6.1	Agreements
2.6.2	Remaining Open issues


3.	Detailed progress in SA/CT WGs since last TSG meeting (for all involved WGs)
NOTE: This section only needs to be filled in for WI/SIs where there is a corresponding relevant WI/SI in SA/CT. 
3.1	SAx/CTs
3.1.1	Agreements with cross-TSG impacts
3.1.2	Remaining Open issues with cross-TSG impacts
NOTE: This section should also flag any critical dependencies that need TSG attention. 
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v04.72	26.05.2016		adaptations for RAN #72 (introduction of NR & GERAN TUs)
v04.71	10.02.2016		minor adaptations for RAN #71
v04.70	30.10.2015		minor adaptations for RAN #70
v04.69	12.08.2015		minor adaptations for RAN #69
v04.68	21.05.2015		minor adaptations for RAN #68
v04.67	01.02.2015		minor adaptations for RAN #67
v04.66	16.11.2014		minor adaptations for RAN #66
v04.65	16.08.2014		minor adaptations for RAN #65
v04.64	22.05.2014		minor adaptations for RAN #64
v04.63	24.01.2014		restructuring for RAN #63 to cover Core & Perf. in one doc file
v03.62	11.11.2013		section 1.2.3 adapted for RAN #62
v03	11.08.2013		section 1.2.3 added on time budget
v02	07.05.2010		history added, some spelling corrections
v01	13.11.2009		First version of the template
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