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Introduction
The discussions in this thread include URLLC UE and BS demodulation requirements for high reliability but with higher BLER and/or lower confidence level and low latency and UE CQI reporting requirements for high reliability. The discussion about UE and BS demodulation requirements for high reliability with BLER 10^-5 and confidence level 99.999% will happen in another thread RAN4 [94e Bis][218] NR_L1enh_URLLC_Demod_Test.
· Topic #1: UE demodulation requirements for high reliability with higher BLER and/or lower confidence level. 
· Topic #2: UE PDSCH demodulation requirements for low latency.
· Topic #3: UE CQI reporting requirements for support of CQI table 3. 
· Topic #4: BS demodulation requirements for high reliability with higher BLER and/or lower confidence level.
· Topic #5: BS demodulation requirements for low latency. 

Topic #1: UE performance requirements for high reliability 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003182

	Intel Corporation

	Proposal 1: Use AL2 for FDD and TDD UE URLLC requirements for high reliability verification.
Proposal 2:	Revise MCS from MCS 5 to MCS 13 for UE URLLC requirements for high reliability verification.
Proposal 6:	Define FR2 URLLC PDSCH requirements to verify the following functionality:
· Slot aggregation
· “Low SE” MCS Table

	R4-2003679

	Huawei, HiSilicon

	Proposal 1: No need to define UE FR2 URLLC requirements for high reliability. 
Proposal 2: We propose the aggregation level is 4.

	R4-2004010

	NTT DOCOMO, INC.

	Proposal 1: Introduce FR2 URLLC requirements for high reliability
Proposal 2: Introduce 8 and 4 PDSCH aggregation level for FDD and TDD, respectively

	R4-2004781

	Qualcomm Incorporated

	Proposal 1: Do not define URLLC test cases for FR2.
Proposal 8: Define high reliability tests with fading while following one of the below options:
· Option 1: Use higher MCS than MCS 5.
· Option 2: Disable HARQ
· Option 3: Both Option 1 and Option 2.

	R4-2003828

	Ericsson

	Proposal 1: Configure the following aggregation factors
· FDD: Aggregation factor 2, and 4.
· TDD: Aggregation factor 2, and 4.

	R4-2003845

	Ericsson

	Proposal 2: Create BS and UE performance requirements for slot aggregation and PDSCH/PUSCH mapping type B for FR2.



Open issues summary
During the last meeting, most of the test parameters for FR1 were agreed. In this section, the remained open issues will be discussed and the opinions of whether to define URLLC high reliability requirements for FR2 is collected.
From the approved WF R4-2002428 in RAN4 #94 e-meeting, following were agreed:
Agreement
· TDD pattern: 7D1S2U, S=6D: 4G: 4U for 30 kHz SCS.
· MCS: MCS 5 in table 3.
· Propagation condition: TDLA30-10
· SCS & CBW: 
· FDD: 15 kHz & 10 MHz
· TDD: 30 kHz & 40 MHz
· PDSCH configuration: Mapping type A, symbol length 12, starting symbol 2.
· Antenna configuration: 2x2 and 2x4, ULA low
· Target BLER: 1%
· Target Confidence level: 99%
· BLER is calculated after all transmission
· Max number of HARQ transmissions: 4
Two open issues are remained:
· Whether to define UE FR2 URLLC requirements for high reliability
· PDSCH aggregation level
· FDD
· Option 1: 4 
· Option 2: 8 
· Option 3: 2 
· TDD
· Option 1: 4 
· Option 2: 2 
Sub-topic 1-1: UE demodulation requirements with higher BLER and/or lower confidence level
Open issues and candidate options before e-meeting:
Issue 1-1-1: PDSCH aggregation level
· Proposals for FDD
· Option 1: 2 (Intel, Ericsson, QC, Apple, Huawei)
· Option 3: 8 (DoCoMo)
· Recommended WF
· Only one company has different opinion. Based on the 1st round discussion, the simulation results show the SNR value of AL=2 is very low. Thus, we expect that AL=8 will lead to an extremely low SNR. 
· To make progress, could DoCoMo check the simulation results and compromise to AL=2?
· Tentative agreement: option 1. 

· Proposals for TDD
· Option 1: 2 (Intel, Ericsson, QC, Apple, Huawei)
· Option 2: 4 (DoCoMo)
· Recommended WF
· Only one company has different opinion. Same with FDD, the simulation results show the SNR value of AL=2 is very low. Thus, we expect that AL=4 will lead to a lower SNR, also considering the number of scheduled repetitions will be different for different packets as Intel mentioned.
· To make progress, could DoCoMo compromise to AL=2?
· Tentative agreement: option 1. 
· 

Issue 1-1-2: The SNR of simulated results is low, in order to increase the SNR:
· Proposals
· Option 1: Use higher MCS than MCS 5. (QC)
· Option 2: Disable HARQ. (QC)
· Option 3: Both of option 1 and option 2. (QC)
· Option 3: Revise to MCS 13 for AL 2 (Intel)
· Recommended WF
· Companies are encouraged to provide simulation results for next meeting by using higher MCS with HARQ and evaluate MCS 13/14/15/16 

Issue 1-1-3: Whether to define URLLC high reliability requirements for FR2
· Proposals
· Option 1: Yes (DoCoMo, Intel, Ericsson)
· Option 2: No (Huawei, QC, Apple)
· Recommended WF
· Considering comparable companies holding different views, continue discussion is needed.

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Ericsson
	Issue 1-1-1 & Issue 1-1-2: 
We are ok to down select and set AL=2 for both FDD, and TDD. But we are also a bit concerned with setting performance requirements where SNR value will be below -6dB SNR, therefore we think evaluating with higher MCS should be done. Evaluations for different options should be conducted until next meeting to determined suitable MCS option,
Issue 1-1-3:
Our view is that there are scenarios for using aggregation and/or reduced symbols for URLLC in FR2 for some applications, although not for those targeting the ultra-lowest BLER levels.


	Huawei
	Issue 1-1-3:
We prefer option 2. FR2 is not the common use case for URLLC. We have already provided a lot of references in R4-2003683 to show that the carrier frequencies of 4 GHz and 700 MHz are used for URLLC use cases which include electrical power distribution, factory automation, Rel-15 enabled use case and transport industry. We should focus on the FR1 at this stage and deprioritize FR2.


Updates on 22nd:
Issue 1-1-1
We can compromise to option 1 for both of TDD and FDD. 

Issue 1-1-2
Based on the current parameters, the BLER is less than -6dB. In order to compare the performance gain archived by turning off the HARQ or using MCS13, we did the comparing simulations: 
When AL=2:
[image: ]

SNR values for AL=2:
	
	MCS5 with HARQ
	MCS5 without HARQ
	MCS13

	SNR (dB)
	-13.2
	-5.5
	-6.2



The simulation results show that MCS13 may not higher enough for this test case. If companies would like to increase the MCS value, a higher MCS may needed (eg. MCS15). The SNR value is around -5.5dB for MCS5 without HARQ, the margin is still small compared with -6dB. Companies are encouraged to provide the simulation results during this meeting as this is not a long time test and the meeting will be last until 30th.  

To DoCoMo:
From the simulation results, the SNR value will be very low for AL=8. It is not feasible. 

	Qualcomm
	Issue 1-1-1: Support AL=2 for both FDD and TDD.
Issue 1-1-2: We prefer to keep this issue open and decide based on simulation results from companies in the next meeting.
Issue 1-1-3: Support Option 2 since we don’t see any practical scenarios for high reliability in FR2.

	Intel
	Issue 1-1-1: PDSCH aggregation level
Based on our analysis, number on configured and scheduled repetition can be different for TDD scenarios considering current Rel-15 design. Using of AL4 may lead to situation that number of scheduled repetitions will be different for different packets. Therefore, we suggest to use AL2 for TDD and align TDD and FDD assumption.
Issue 1-1-2: The SNR of simulated results is low, in order to increase the SNR
We are fine to list potential options on MCS values in this meeting and decide in the next meeting based on companies results.

	Apple
	Issue 1-1-1: PDSCH aggregation level
Option 1: 2 for both FDD and TDD. 
Issue 1-1-2: The SNR of simulated results is low, in order to increase the SNR:
Changing MCS can be decided based on simulation results. MCS 5 might lead to very low SNR. Would have to be higher. Could start with MCS 13 as a baseline.
Issue 1-1-3: Whether to define URLLC high reliability requirements for FR2
Option 2: No
 

	NTT DOCOMO
	Issue 1-1-1: Our preference is Option 3 for FDD and Option 2 for TDD since it is important to ensure the UE processing performance with larger aggregation level.


CRs/TPs comments collection
Major close-to-finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
UE demodulation requirements with higher BLER and/or lower confidence level
· PDSCH Aggregation level: 
· 2 for FDD and TDD
· MCS: Select a suitable MCS value as per the evaluation results for MCS13/14/15/16 in next meeting

Candidate options:
Recommendations for 2nd round:
· Whether to define URLLC high reliability requirements for FR2
· Option 1: Yes (DoCoMo, Intel, Ericsson)
· Option 2: No (Huawei, QC, Apple)




Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	R4-2005527
	Way forward for NR UE URLLC performance requirements
	Intel





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round
Sub-topic 1-5-1: URLLC high reliability requirements for FR2
Issue 1-5-1: Whether to define URLLC high reliability requirements for FR2
· Proposals
· Option 1: Yes (DoCoMo, Intel, Ericsson)
· Option 2: No (Huawei, QC, Apple)
· Recommended WF
· TBA

[bookmark: _GoBack]Agreement during GTW session discussion:
For UE URLLC performance requirements for FR2:
Keep it open meanwhile prioritize discussion on introducing FR1 requirements in Q2; and interested companies are encouraged to bring more information and analysis for the deployment/usage scenarios in FR2 with ultra-low BLER and/or higher BLER for high reliability and low latency

Companies views’ collection for 2nd round 
Open issues 
	Company
	Comments

	Huawei
	Issue 1-5-1: Whether to define URLLC high reliability requirements for FR2 
We prefer not define FR2 requirements as there are no URLLC use cases at current stage.

	Intel
	Issue 1-5-1: Whether to define URLLC high reliability requirements for FR2 
Prefer Option 1. We think it is rather important to test MCS Table 3 and PDSCH repetitions for FR2 devices.

	Ericsson
	Our principle concern for FR2 is the need to use reduced slots for efficient transmission, as discussed in the topic 2. Since FR2 is more coverage sensitive we also believe that the aggregation may be utilized and hence it makes sense to set a requirement for aggregation too.

	Qualcomm
	Issue 1-5-1: In our opinion, it is not a practical scenario for FR2 and prefer not to define the tests.



WF comments collection
	WF number
	Comments collection

	R4-2005527
Way forward for NR UE URLLC performance requirements
	Company AQualcomm: On slide 4, based on our understanding, we already agreed to define the requirements for 2 symbols for FR1 in the previous meeting. Option 2 of 4os contradicts with that agreement and should be removed or modified.

	
	Company BHuawei: On slide 3: the number of HARQ process for TDD. We think we can agree with option 1: 2 for TDD. As mentioned in our comments, only S slot will be scheduled, no need to consider D slot.
On slide 4: we think the PDSCH symbol length for FDD and TDD has been agreed as 2os. No FFS.
On slide 4: the test metrics: only 70% throughput and 30% BLER will be considered. 70% successful delivery rate should be removed.

	
	Intel; 
Slide 3: the number of HARQ process for TDD. We think that our assumptions with counting of all slots with available DL resources is also valid. Therefore, we suggest to keep it open.
On slide 4: PDSCH symbol length. Based on 1st round discussion, some companies still want to define additional requirements for 4os or 7os. If proponents of 4os and 7os are fine to remove it then I will update the WF.
On slide 4: the test metrics. I fine with your proposal. I just copy wording from summary. If keeping of “70% throughput and 30% BLER” is fine for all then I will update the WF.




Summary on 2nd round
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	R4-2005527
Way forward for NR UE URLLC performance requirements
	Agreeable



Topic #2: UE demodulation requirements for low latency
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003182

	Intel Corporation

	Proposal 3:	Use the following parameters for requirements with mapping Type B and PDSCH processing capability 2:
· TDD pattern: DSUU (1st priority) or DDDSU (2nd priority)
· SCS/BW: 15kHz/10MHz and 30 kHz/40MHz
· Number of HARQ process
· 2 for FDD and TDD with DSUU pattern
· 4 for TDD with DDDSU pattern
· PDSCH length: Only 2 symbols
· Channel model: TDLA30-10
· Antenna Configuration: 2x2 and 2x4
Proposal 4:	Use the following parameters for Pre-emption indication requirements:
· Pre-emption periodicity: 20% probability with fixed scheduling within 1 radio frame
· Channel model: TDLA30-10
· FRC: Rank 1 with MCS 13 from MCS Table 1
Proposal 6:	Define FR2 URLLC PDSCH requirements to verify the following functionality:
·  “Low SE” MCS Table
· Mapping Type B with small duration
· Processing capability 2

	R4-2003680
	Huawei, HiSilicon
	Proposal 1: We propose 10% probability with fixed scheduling within 1 radio frame for pre-emption periodicity.
Proposal 2: We propose to use TDLA30-10 as the Channel-model and 16QAM as the coding rate.
Proposal 3: We propose the PI bitmap is ‘00011000000000’.

	R4-2003681
	Huawei, HiSilicon
	Proposal 1: No need to define UE performance requirements in FR2 for URLLC for low latency.
Proposal 2: Symbol length of 7 should be defined.
Proposal 3: We propose TDD pattern of ‘DDDSU, S=10:2:2’ to be defined for this performance requirements.
Proposal 4: K1=1 for symbol length of 7.
Proposal 5: The number of HARQ processes is 4.
Proposal 6: We propose to use TDLA30-10 as the channel model.
Proposal 7: We propose the antenna configuration is: 2x2 and 2x4, ULA Low
Proposal 8: We propose to use MCS 4 in Table 1.
Proposal 9: We propose to configure 10 MHz/15 kHz for FDD, 40 MHz/30 kHz for TDD with full bandwidth frequency allocation.

	R4-2004010

	NTT DOCOMO, INC.

	Proposal 3: Introduce UE FR2 URLLC requirements for low latency
Proposal 4: For URLLC requirements for low latency, our preference on TDD pattern (30 kHz SCS) is as follows. 
· 1st priority: DDDSUUDDDD, S=6D:4G:4U
· 2nd priority: 7D1S2U, S=6D:4G:4U
Proposal 5: Introduce 4os symbol length in addition to 2os for UE performance requirements in FR2
Proposal 6: For FR1 URLLC requirements for low latency, 4 or 8 HARQ process should be applied.

	R4-2004781

	Qualcomm Incorporated

	Proposal 9: Do not define additional test cases with different durations other than 2 symbols for low latency feature.
Proposal 10: Use FR1.30-2 (DDDSU, S = 10D+2G+2U) slot pattern and schedule grant only on S slot for testing URLLC low latency feature for TDD. 
Proposal 11: Use k1 = 0 for FDD low latency tests. 

	R4-2003829

	Ericsson
	Proposal 1: Cover higher MCS, and variable amount of RBs scheduled to cover realistic deployment scenarios for Type B scheduling found in Table 1.
Proposal 2: Introduce requirements for 7OS to verify Type B Transmission scheme. (Set k1 value to 1 for TDD test) Use following parameter configurations:
· TDD pattern DDDSU (S = 10d, 2g, 2u)
· 10MHz/15kHz BW/SCS, 24RBs allocated with MCS10 for FDD
· 40MHz/30kHz BW/SCS, 48RBs allocated with MCS10 for TDD
· 2 HARQ processes
· 2x2, and 2x4 Antenna configuration TDLA30 ULA Low
· DMRS pattern 1+1 for 7OS
Proposal 3: Cover Type B scheduling and PDSCH processing capability 2 by using 2OS simulations with following parameter configurations:
· FDD & TDD
· 10MHz/15kHz for FDD, 40MHz/30kHz for TDD
· MCS4 with 52, and 106RBs for FDD & TDD with TDLC300
· MCS17 with 12, and 25RBs for FDD & TDD with TDLA30
· TDD pattern 7D1S2U
· 2 HARQ processes
· 2x2, and 2x4 Antenna configuration ULA Low 
· DMRS pattern 1+0 for 2OS

	R4-2003827

	Ericsson
	Proposal: Suggested simulation assumptions for pre-emption indication
· TDLA30-10
· MCS13
· 10% probability with non-fixed scheduling (slot periodicity/offset 10/5)
· Symbols to be pre-empted: 2OS, and 7OS
· TDD pattern 7D1S2U

	R4-2003845

	Ericsson

	Proposal 2: Create BS and UE performance requirements for slot aggregation and PDSCH/PUSCH mapping type B for FR2.



Open issues summary
In this section, two tests will be discussed relate to the URLLC UE low latency:
· PDSCH mapping Type B and processing capability 2
· Pre-emption
From the approved WF R4-2002428 in RAN4 #94 e-meeting, following were agreed for the PDSCH mapping Type B and processing capability 2:
Agreements for FR1: 
· Slots to be scheduled:
· FDD: All DL slots 
· TDD: S slots with K1=0
· Starting symbol: 2
· Symbol length: 2
· Slot aggregation level: 1
· Max number of HARQ transmissions: 1
· Verify PDSCH processing capability 2 and type B mapping together
Open Issues
· Whether to introduce UE performance requirements in FR2 for URLLC for low latency
· For test parameters for FR1:
· TDD Pattern (30KHz SCS)
· Option 1: 7D1S2U, S=6D:4G:4U
· Option 2: DDDSUUDDDD, S=6D:4G:4U 
· Option 3: DSUU, S=12D:2G 
· Option 4: DDDSU, S=10D+2G+2U 
· Number of HARQ Processes
· Option 1: 2 
· Option 2: 4 or 8 
· Symbol length (L)
· Option 1: Also include 4os 
· Option 2: Also include 7os with K1 = 1 
· Option 3: Only 2os
· Other test parameters 
· Channel Model
· FRC
· Antenna configuration
· SCS/BW, Allocation
From the approved WF R4-2002428 in RAN4 #94 e-meeting, following were agreed for the Pre-emption:
Agreements: 
· No URLLC PI performance requirements
· Time frequency set: 14x1
· Number of symbols to be pre-empted: 2
· Starting symbol to be pre-empted: 3
· Test applicability for eMBB UE PI requirements: optional with UE capability signalling
· Antenna Configuration: 2x2 and 2x4, ULA low 
Open Issues
· Pre-emption periodicity
· Option 1: 10% probability with non-fixed scheduling in RAN4 spec (similar to CSI-RS trigger for PMI testing, also 10% probability with fixed scheduling in RAN5 spec) within 1 radio frame  
· Option 2: 1 slot 
· Option 3: 10% probability with fixed scheduling within 1 radio frame 
· Channel Model
· Option 1: TDLC300-100 
· Option 2: TDLA30-10 
· FRC
· Option 1: 16QAM with modified FRC 
· Option 2: QPSK 
· Option 3: New FRC with 64QAM 

Sub-topic 2-1: PDSCH mapping Type B and processing capability 2
In this section, the parameters of PDSCH mapping Type B and processing capability 2 will be discussed,
Open issues and candidate options before e-meeting:
Issue 2-1-1: TDD pattern (30KHz SCS)
· Proposals
· Option 1: DSUU, S=12:2 (Intel 1st priority, Ericsson for 7os, Apple) 
· Option 2: DDDSU, S=10:2:2 (Huawei, Intel 2nd priority, QC, Ericsson for 2os, Apple)
· Option 3: DDDSUUDDDD, S=6:4:4 (DoCoMo 1st priority)
· Option 4: 7D1S2U, S=6:4:4 (DoCoMo 2nd priority)
· Recommended WF
· All companies supporting Option 1 are also ok to Option 2, considering more companies support Option 2, is it ok to only keep Option 2 between Option 1 and Option 2?
· DoCoMo supports both Option 3 and Option 4, but considering Option 3 is DoCoMo’s 1st priority, is it ok to only keep Option 3 between Option 3 and Option 4?
· Continue discussion the following three options in the 2nd round:
· Option 1: DSUU, S=12:2 (Intel 1st priority, Ericsson for 7os, Apple) 
· Option 2: DDDSU, S=10:2:2 (Huawei, Intel 2nd priority, QC, Ericsson for 2os, Apple)
· Option 3: 7D1S2U, S=6:4:4 (DoCoMo)

Issue 2-1-2: SCS/CBW
· Proposals
· Option 1: 15 KHz/10 MHz for FDD, 30 KHz/ 40 MHz for TDD. (Intel, Huawei, Ericsson, QC, Apple) 
· Recommended WF
·  Agree option 1

Issue 2-1-3: MCS
· Proposals
· Option 1: MCS4 in Table 1. (Huawei, QC, Intel, Apple, Ericsson)
· Option 2: FFS MCS17 in Table 1. (Ericsson)
· Recommended WF
· [MCS4], FFS for MCS17, FFS 1 or 2 MCS defined

Issue 2-1-4: Number of RBs
· Proposals
· Option 1: Full bandwidth only. (Huawei, QC, Intel, Apple)
· Option 2: Both full bandwidth for MCS4 and 12RBs for FDD, 25RBs for TDD for MCS17 (Ericsson)
· Recommended WF
· Full bandwidth for MCS4 case, FFS for MCS17 case if MCS17 agreed

Issue 2-1-5: Number of HARQ process
· Proposals
· FDD 
· Option 1: 2 (Intel, Ericsson, Huawei, QC, Apple)
· Option 2: 4 or 8 (DoCoMo)
· TDD
· Option 1: 2 (Intel for “DSUU”, Ericsson, QC, Apple, Huawei)
· Option 2: 4 for “DDDSU” (Intel)
· Option 3: 4 (DoCoMo)
· Recommended WF
· To move forward, agree on option 1 for FDD, FFS TDD.

Issue 2-1-6: PDSCH symbol length
· Proposals for FDD
· Option 1: Only 2os. (Intel, QC, Apple, Huawei)
· Option 2: 4os (DoCoMo)
· Option 3: 2os and 7os (Ericsson)
· Recommended WF
· To move forward, majority companies agree to define 2os only for FDD. As mapping Type B with 7os has already been defined in Rel-15, we recommend not to introduce additional test case with same symbol length 7os, is it acceptable to remove 7os? 
· Continue to discuss in the 2nd round
· 

· Proposals for TDD
· Option 1: Only 2os. (Intel, QC, Huawei, Apple)
· Option 2: 4os (DoCoMo)
· Option 3: 7os (Ericsson)
· Recommended WF
· Same history as FDD 
· Continue to discuss in the 2nd round

Issue 2-1-7: DM-RS (only for 7os)
· Proposals
· Option 1: 1+1 (Huawei)
· Recommended WF
· Discuss this issue only if 7os is agreed.

Issue 2-1-8: K1
· Proposals
· FDD: 
· Option 1: 0 (QC, Intel, Huawei)
· Recommended WF
· Agree on option 1

Issue 2-1-9: Channel model
· Proposals
· Option 1: TDLA30-10. (Intel, Huawei, QC, Apple)
· Option 2: TDLC300 for MCS4 and TDLA30-10 for MCS 17. (Ericsson)
· Recommended WF
· Option 1

Issue 2-1-10: Antenna configuration
· Proposals
· Option 1: 2x2 and 2x4, ULA Low. (Intel, Huawei, Ericsson, QC, Apple, DoCoMo)
· Recommended WF
· Agree on option 1.

Issue 2-1-11: Test metrics
· Proposals
· Option 1: 70% throughput. (Huawei, QC, Intel, Apple)
· Option 2: 10% BLER (Ericsson)_
· Recommended WF
· Option 1 with continue discussing how to describe requirements, e.g. 30% BLER or 70% successful delivery

Issue 2-1-12: Whether to define URLLC UE low latency requirements for FR2
· Proposals
· Option 1: No (Huawei, QC)
· Option 2: Yes (DoCoMo, Intel, Ericsson, Apple)
· Recommended WF
· TBA


Sub-topic 2-2: Pre-emption indication
In this sub-topic, the parameters for pre-emption indication will be discussed.
Open issues and candidate options before e-meeting:
Issue 2-2-1: Pre-emption periodicity
· Proposals
· Option 1: 10% probability with fixed scheduling within 1 radio frame. (Huawei, QC)
· Option 2: 20% probability with fixed scheduling within 1 radio frame. (Intel, Apple)
· Option 3: 10% probability with non-fixed scheduling (slot periodicity/offset 10/5). (Ericsson, QC)
· Recommended WF
· TBA

Issue 2-2-2: Symbols to be pre-empted (2os has been agreed)
· Proposals
· Option 1: Only 2os. (Intel, Huawei, QC, Apple)
· Option 2: 7os (Ericsson)
· Recommended WF
· Option 1

Issue 2-2-3: MCS
· Proposals
· Option 1: MCS13 in Table 1. (Intel, Ericsson, Huawei)
· Option 2: MCS4 (QC)
· Recommended WF
· Continue discussion in the 2nd round to share more justifications 

Issue 2-2-4: Other parameters
· Proposals
· Option 1: 
· Option 2: 
· Recommended WF
· Key parameters of this test has been discussed above, as this is an eMBB test, reusing the existing test parameters are recommended. 
· Further discussion for next meeting: Reuse the existing test parameters for pre-emption performance requirements for eMBB, as list below
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD, TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Number of HARQ Processes
	
	FDD: 4
TDD: 8

	The number of slots between PDSCH and corresponding HARQ-ACK information and TDD pattern
	
	FDD: 2
TDD: FR1.30-1

	CBW/SCS
	
	FDD: 10/15
TDD: 40/30

	RB allocation
	
	Full bandwidth

	MIMO layer
	
	Rank 1

	Propagation condition
	
	TDLA30-10

	Test metric
	
	TBC




Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Ericsson
	Issue 2-1-1:
We are ok to compromise to option 2 for TDD pattern for 2os (DDDSU). For 7os if we introduce requirements we can use option 1 and keep K1 value set to 1, thus verifying PDSCH mapping type B. If starting symbol is 2, and 7os are scheduled in the special slot, we can send HARQ feedback on the consecutive uplink slot and also verify PDSCH processing capability 2 for 7os.
Issue 2-1-3 & 2-1-4:
For MCS selection our preference is to cover MCS 4 with full allocation i.e., 52RBs for FDD, and 106RBs for TDD. For MCS17 we would like to cover 12RBs for FDD, and 25RBs for TDD. This is not to maximize throughput but rather keep it constant and varying the number of RBs instead. In our view, if a UE has high SNR the network would not waste resources, but would schedule the UE with fewer RBs and higher MCS to achieve the same transport block size and then use the remaining RBs for other UEs. So it is relevant that the UE can also perform demodulation at higher MCS.
Issue 2-1-5:
This test is not verifying the HARQ processing capability. It is rather based on ensuring low latency transmission. Therefore, we think 2 HARQ processes are sufficient to cover this feature.
Issue 2-1-6:
For PDSCH symbol length we want to set requirements with both 2os, and 7os. This was unfortunately omitted from the WF from last meeting but was captured in the email thread. So we would still want to capture requirements with both symbol lengths for both FDD and TDD.
Issue 2-1-9:
If we introduce tests for both 2os, and 7os we think it should be better to use different channel models to diversify the testing. In our paper we see performance gains with TDLA30-10 for MCS17 compared to TDLC300.
Issue 2-1-11:
For test metric we think it might be suitable to use BLER (10%) as metric instead of throughput given that we’re feature testing latency, and not throughput.
Issue 2-1-12:
FR2 uses a higher bandwidth therefore we think we should capture requirements with non-slot based transmission. The reason for this is that URLLC type applications, the transport block size is limited. Analogue beamforming implies that the whole bandwidth may be utilized, and using the whole bandwidth over a whole slot may waste resources for limited TBS. There are applications that are latency sensitive but where ultra-low BLER is not needed that may be relevant to FR2.
Pre-emption indication test metric:
For pre-emption indication we see a need to discuss and agree on how demodulation test case assumptions are conducted on the pre-empted slot. Currently in our simulations we assumed perfect pre-emption detection with reduced transport block size for the pre-empted slot. Yet it is not so straight forward how the decoding should be done. On the other hand, the scheduler (for a FRC) cannot keep the transport block size constant and simply assign the remaining eMBB REs in the pre-empted slot with a higher code rate. From a UE procedure point of view, it does not know which REs are being pre-empted. Therefore, with PI we indicate to the UE which REs were used for URLLC, by which the UE can use the PI information to flush the soft buffer and try to decode the pre-empted slot. 
Therefore, we see a need to specify how the decoding of pre-empted slots should be done, which has not already been covered in the ongoing discussion.
Issue 2-2-1:
For pre-emption indication, since this is a feature which “steals” resources on the fly from eMBB UEs and uses them for URLLC UEs for low latency transmission we think it is unreasonable to set fixed scheduling for Pre-emption. Also, in LTE specification we have test cases where we schedule with a percentage probability of occurrence (Table 8.3.1.3.5-1 in 36.101). So test wise setup we already have test cases with non-fixed scheduling.
Issue 2-2-2:
Symbols pre-empted has already been agreed to 2os, we should also specify requirements with 7os, given that if we specify requirements for Type B transmission, then pre-emption should also have similar test setup.


--- Update 2020-04-22 ---
Issue 2.1.4: This requirement is to verify the PDSCH mapping type B as indicated. The low MCS is in fact already validated by the slot aggregation requirement. In our understanding, optimizing resource usage where there is high SNR is a very relevant scenario. Demodulating the higher MCS with reduced symbols is the more demanding case (considering 2 cases low MCS and high MCS).
So considering that the low MCS is already validated and that high MCS is both realistic and the more demanding case, we don’t follow why only the low MCS would be used for the requirement. It could of course be possible to define the requirement with only the high MCS instead of both.
Considering the analogous discussion, we propose the following:
Agree [MCS4] in square brackets and FFS for MCS17. Consider the possibility to do MCS17 in addition to or instead of MCS4 (if agreed).



	Huawei
	Issue 2-1-3 & Issue 2-1-4:
We prefer option1.
To Ericsson:
For every features, UE can have a low SNR or a high SNR. There is no necessary to define all the possible cases for different environments. 

Issue 2-1-5:
For FDD, as we propose the K1=1, so 2 HARQ processes will be enough.
For TDD, as only S slot will be scheduled, so only 1 HARQ process will be enough.

Issue 2-1-6 & Issue 2-1-8:
For TDD, the symbol length has been agreed with 2os. 
As symbol length of 7os is also the typical symbol length for mapping Type B, we propose to test 7os for FDD, together with K1=1 to test the capability 2.

Issue 2-1-12:
We prefer option 1. FR2 is not the common use case for URLLC. We have already provided a lot of references in R4-2003683 to show that the carrier frequencies of 4 GHz and 700 MHz are used for URLLC use cases which include electrical power distribution, factory automation, Rel-15 enabled use case and transport industry. We should focus on the FR1 at this stage and deprioritize FR2.  

Pre-emption:
Issue 2-2-1:
We prefer to set the fixed scheduling to simplify the test. It is true that the symbols will be pre-empted with random location, but there is no different with the pre-empted location by only considering the demodulation performance.

Issue 2-2-4:
Agree with the WF. From our understanding, the key parameters for PI test have been discussed from Issue 2-2-1 to 2-2-3. As the test is defined for eMBB UEs, we can reuse the existing test parameters in Rel-15 for eMBB.



Updated on 22nd :
Issue 2-1-1:
To Intel:
For TDD pattern “DSUU, S=12:2”. No matter what symbol length is scheduled, K1 always equals to 1. It contradicts with your opinion of Issue 2-1-8 K1. 

Issue 2-1-5:
We can compromise to 2 for FDD and TDD.

Issue 2-1-6:
We support option 1 for FDD and TDD. Symbol length of 2os has been agreed on the last meeting. There is no need to test all the possible mini-slot duration.
To Ericsson:
As 2os and K1=0 have been agreed, if we introduce 7os, K1 should be set to 1. The number of test cases is increased. We do not see the necessary to increase test cases by testing different mini-slot symbol lengths.

Issue 2-1-8
If both of TDD and FDD are configured with 2os only, we can compromise to K1=0.


	Qualcomm
	Issue 2-1-2, 2-1-3, 2-1-4: Support Option 1.
Issue 2-1-5: Number of HARQ processes can only be 2,4,6,8,10,12,16. So 1 HARQ process is not feasible. We propose using 2 HARQ processes for FDD. In case of TDD, as we are only scheduling PDSCH grant on S slot, 2 HARQ processes should work for all proposed TDD configurations.
Issue 2-1-6, 2-1-8: In previous meeting, we had agreed to define the test cases for FR1 with 2 symbol length. We don’t want to increase the number of test cases by trying to cover all possible durations. We already have defined a test case with 7 symbol duration in Rel-15. So, we prefer Option 1 for both FDD and TDD. Based on that proposal, K1 should be 0 for 2 symbol duration.
Issue 2-1-9, 2-1-10: Support Option 1.
Issue 2-1-11: Since we already agreed to disable HARQ for these tests, throughput and BLER metrics are equivalent. So, we prefer to align the test metric with other demod tests and support Option 1.
Issue 2-1-12: Support Option 1.
Issue 2-2-1: We prefer Option 1 or Option 3.
Issue 2-2-2: Support Option 1 based on previous agreement.
Issue 2-2-3: We prefer to define the test with MCS4.
Issue 2-2-4: In principle, we agree to reuse the existing test parameters from Rel-15. However, the table of parameters has some parameters which are still being discussed in Subtopic 2-1. So, we don’t agree with the whole table.

	Intel
	Issue 2-1-3: MCS
Support Option 1. As for Option 2, based on our understanding, the purpose of this test is to verify PDSCH mapping type B and processing capability 2. Therefore, we think that single MCS value is sufficient from test coverage point of view.
Issue 2-1-4: Number of RBs
Support Option 1. As for Option 2, similar comment as for MCS.
Issue 2-1-5: Number of HARQ process
We suggest to consider less number of HARQ process (i.e. 2 for FDD and 4 for TDD) in comparison to normal requirements, (i.e. 4 for FDD and 8 for TDD) because we assume that such configuration is more natural for URLLC use cases especially in case we verify low latency related features.
Issue 2-1-6: PDSCH symbol length
7OS configuration is already covered by Rel-15 Normal requirements. Therefore, we suggest to define requirements with the lowest possible PDSCH duration in the scope of URLLC work.
Issue 2-1-8: K1
We think that this topic should be discuss jointly with assumptions of PDSCH and PUCCH with ACK/NACK scheduling. For example, if we consider PDSCH with 2 os symbols in the beginning of slot and short PUCCH in the end of slot then we are fine with K1 = 0.
Issue 2-1-11: Test metrics
We are fine with option 1.
Issue 2-2-1: Pre-emption periodicity
Based on our analysis, using of 10% pre-emption probability doesn’t allow to verify that UE has correct implementation of pre-emption indication for scenarios with eMBB MCS 13. Therefore, we suggest to use 20%.

	Apple
	Issue 2-1-1: TDD pattern (30KHz SCS)
Prefer Option 1 or Option 2 for testing low latency features for URLLC. 
Issue 2-1-2: SCS/CBW
Option 1
Issue 2-1-3: MCS
Option 1: MCS4 in Table 1.
Issue 2-1-4: Number of RBs
Option 1: Full bandwidth only.
Issue 2-1-5: Number of HARQ process
2 HARQ process for both FDD and TDD since these requirements are for low latency 
Issue 2-1-6: PDSCH symbol length
Option 1: Only 2os
Issue 2-1-9: Channel model
Option 1: TDLA30-10.
Issue 2-1-10: Antenna configuration
Option 1: 2x2 and 2x4, ULA Low.
Issue 2-1-11: Test metrics
Option 1: 70% throughput. Like normal PDSCH demodulation requirements.
Issue 2-1-12: Whether to define URLLC UE low latency requirements for FR2
Option 2: Yes
Issue 2-2-1: Pre-emption periodicity
Option 2: 20% probability with fixed scheduling within 1 radio frame. This needs to be decided based on simulation results. Based on results shown in Intel’s paper, we prefer option 2. 
Issue 2-2-2: Symbols to be pre-empted (2os has been agreed)
Option 1: Only 2os.


	NTT DOCOMO
	Issue 2-1-1: Our preference is Option 3 (1st priority) and Option 4 (2nd priority)
Issue 2-1-2: Agree with Option 1
Issue 2-1-5: Option 2 for FDD and Option 3 for TDD
Issue 2-1-6: Option 2 for FDD and Option 2 for TDD
Issue 2-1-10: Agree with Option 1
Issue 2-1-12: Agree with Option 2.


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
PDSCH mapping Type B and processing capability 2:
· SCS/CBW:
· FDD: 15 KHz/10 MHz
· TDD: 30 KHz/ 40 MHz
· Number of HARQ process: 2 for FDD
· K1 for FDD: K1=0
· Channel model: TDLA30-10
· Antenna configuration: 2x2 and 2x4, ULA Low.
· Test metrics: Based on 70% throughput, but discuss how to wording (e.g. 30% BLER, 70% successful delivery rate)

Pre-emption indication：
· Symbols to be pre-empted: only 2os

Candidate options:
Recommendations for 2nd round:
PDSCH mapping Type B and processing capability 2:
Continue discussion the following open issues:
· TDD pattern (30KHz SCS)
· Option 1: DSUU, S=12:2 (Intel 1st priority, Ericsson for 7os, Apple)
· Option 2: DDDSU, S=10:2:2 (Huawei, Intel, QC, Ericsson for 2os, Apple)
· Option 3: 7D1S2U, S=6:4:4 (DoCoMo)
· MCS: MCS4 is agreeable for all companies, but FFS MCS 17, FFS 1 or 2 MCS
· Number of RBs: Full bandwidth only for MCS4, FFS for MCS17
· Number of HARQ process for TDD
· Option 1: 2 (Intel for “DSUU”, Ericsson, QC, Apple, Huawei)
· Option 2: 4 for “DDDSU” (Intel)
· Option 3: 4 for “7D1S2U” (DoCoMo)
· 
· PDSCH symbol length for FDD and TDD
· Option 1: Only 2os. (Intel, QC, Apple, Huawei)
· Option 2: 4os (DoCoMo)
· Option 3: 2os and 7os (Ericsson)
· Test metric: how to word the 70% max throughput
· Whether to define URLLC UE low latency requirements for FR2
· Option 1: No (Huawei, QC)
· Option 2: Yes (DoCoMo, Intel, Ericsson, Apple)

Pre-emption indication：
· Pre-emption periodicity
· Option 1: 10% probability with fixed scheduling within 1 radio frame. (Huawei, QC)
· Option 2: 20% probability with fixed scheduling within 1 radio frame. (Intel, Apple)
· Option 3: 10% probability with non-fixed scheduling (slot periodicity/offset 10/5). (Ericsson, QC)
· MCS
· Option 1: MCS13 in Table 1. (Intel, Ericsson, Huawei)
· Option 2: MCS4 (QC)
· Other parameters for eMBB: Reuse the existing test parameters for pre-emption performance requirements listed below: Check until next meeting
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD, TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Number of HARQ Processes
	
	FDD: 4
TDD: 8

	The number of slots between PDSCH and corresponding HARQ-ACK information and TDD pattern
	
	FDD: 2
TDD: FR1.30-1

	CBW/SCS
	
	FDD: 10/15
TDD: 40/30

	RB allocation
	
	Full bandwidth

	MIMO layer
	
	Rank 1

	Propagation condition
	
	TDLA30-10

	Test metric
	
	TBC







Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	All related agreements are captured in WF R4-2005527 discussed in section 1.6.2
	



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round
Sub-topic 2-5-1: PDSCH mapping Type B and processing capability 2
Issue 2-5-1-1: TDD pattern (30KHz SCS)
· Proposals
· Option 1: DSUU, S=12:2 (Intel 1st priority, Ericsson for 7os, Apple) 
· Option 2: DDDSU, S=10:2:2 (Huawei, Intel 2nd priority, QC, Ericsson for 2os, Apple)
· Option 3: 7D1S2U, S=6:4:4 (DoCoMo)
· Recommended WF
·  Agree on option 2

Issue 2-5-1-2: MCS
· Proposals
· Option 1: Only MCS4 in Table 1. (Huawei, QC, Intel, Apple)
· Option 2: MCS 4 and/or MCS17 in Table 1. (Ericsson)
· Recommended WF

Issue 2-5-1-3: Number of RBs for MCS 17 (if MCS 17 agreed)
· Proposals
· Option 1: Full bandwidth. 
· Option 2: 12RBs for FDD, 25RBs for TDD (Ericsson)
· Recommended WF

Issue 2-5-1-4: Number of HARQ process
· Proposals
· TDD
· Option 1: 2 (Intel for “DSUU”, Ericsson, QC, Apple, Huawei)
· Option 2: 4 for “DDDSU” (Intel)
· Option 3: 4 for “7D1S2U”4 or 8 for “DDDSU” (DoCoMo)
· Recommended WF

Issue 2-5-1-5: PDSCH symbol length
· Proposals for FDD and TDD
· Option 1: Only 2os. (Intel, QC, Apple, Huawei, Ericsson)
· Option 2: 4os (DoCoMo)
· Option 3: 2os and 7os (Ericsson)
· Recommended WF
· Agree on option 1?

Issue 2-5-1-6: Test metrics
· Proposals
· Option 1: 70% max throughput. (Huawei, QC, Intel, Apple)
· Option 2: 70% successful delivery
· Option 2: 30% BLER (Ericsson)
· Other options
· Recommended WF
· Just for information: from RAN4 previous discussions, usually test metric of throughput (Mbps) is used for data channel.
· Considering no HARQ retransmission, from simulation point of view, Option 1 and Option 2 are same, just the wording difference, not sure if company has very strong preference on Option 1 and Option 2.

Issue 2-5-1-7: Whether to define URLLC UE low latency requirements for FR2
· Proposals
· Option 1: No (Huawei, QC)
· Option 2: Yes (DoCoMo, Intel, Ericsson, Apple)
· Recommended WF
· TBA


Sub-topic 2-5-2: Pre-emption indication
Issue 2-5-2-1: Pre-emption periodicity
· Proposals
· Option 1: 10% probability with fixed scheduling within 1 radio frame. (Huawei, QC)
· Option 2: 20% probability with fixed scheduling within 1 radio frame. (Intel, Apple)
· Option 3: 10% probability with non-fixed scheduling (slot periodicity/offset 10/5). (Ericsson, QC)
· Recommended WF
· TBA

Issue 2-5-2-2: MCS
· Proposals
· Option 1: MCS13 in Table 1. (Intel, Ericsson, Huawei)
· Option 2: MCS4 (QC)
· Recommended WF

Issue 2-5-2-3: Other parameters for eMBB
· Use the following test parameters for pre-emption performance requirements listed below with test metric of 70% TP : can check until next meeting(Huawei, Intel, QC)
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD, TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Number of HARQ Processes
	
	FDD: 4
TDD: 8

	The number of slots between PDSCH and corresponding HARQ-ACK information and TDD pattern
	
	FDD: 2
TDD: FR1.30-1

	CBW/SCS
	
	FDD: 10/15
TDD: 40/30

	RB allocation
	
	Full bandwidth

	MIMO layer
	
	Rank 1

	Propagation condition
	
	TDLA30-10

	Test metric
	
	TBC70% TP





Companies views’ collection for 2nd round 
	Company
	Comments

	Huawei
	Sub-topic 2-5-1: PDSCH mapping Type B and processing capability 2
Issue 2-5-1-1: TDD pattern (30KHz SCS): 
7os is not need to be defined (See comments in Issue 2-5-1-5) and K1 = 0 has been agreed for TDD and FDD, so “DSUU, S=12:2” is not feasible. 

Issue 2-5-1-4: Number of HARQ process
As only S slot will be scheduled, 2 is enough for any TDD patterns.

Issue 2-5-1-5: PDSCH symbol length
This test is defined for low latency, we prefer to use 2os. 
To Ericsson:
PDSCH symbol length of 7 has been defined. Please check TS 38.101-4. And in WF R4-1915913, RAN4 agreed to introduce performance requirements to verify PDSCH mapping Type B with non-slot configured wither fewer symbols than Rel-15 demod. There is no need to define 7os.

Issue 2-5-1-7: Whether to define URLLC UE low latency requirements for FR2
We prefer not define FR2 requirements as there are no URLLC use cases at current stage.

Sub-topic 2-5-2: Pre-emption indication
Issue 2-5-2-1: Pre-emption periodicity
We prefer option 1.
@Ericsson, We did not fully understanding your idea “We can clarify in the test configuration that it is indeed a periodicity and slot offset for the test setup. But the test itself should indicate that this test is meant to capture the “on the fly” nature of the pre-emption feature.” we are wondering how to capture your idea, i.e. with a specific periodicity 10 and slot offset 5, in the test specification? 
Issue 2-5-2-3: Other parameters for eMBB
We are ok to reuse the existing parameters listed in the table with test metric of 70%TP.
@Intel about Issue 2-5-1-4: Number of HARQ process
If PDSCH is only scheduled on S slot, the corresponding HARQ process only needs to counter S, no need to consider D slot, i.e.
[image: ]

Issue 2-5-1-4: Number of HARQ process
@DoCoMo
In Rel.15 UE demodulation requirements, 4 or 8 HARQ process is defined because all the slots (all D slots and S slot) are scheduled. In this case, only S slot will be scheduled for TDD. And there is no HARQ for both of FDD and TDD. Thus, 2 is enough for both of FDD and TDD.


	Intel
	Issue 2-5-1-4: Number of HARQ process
As for our proposal for DDDSU we assume the following scheduling procedure:
[image: ]
PDSCH is always scheduled with HARQ index 3. We think that 4 HARQ processes is more typical from practical point of view for this TDD pattern.
Issue 2-5-1-7: Whether to define URLLC UE low latency requirements for FR2
Prefer Option 2. We think that it is rather important to verify PDSCH mapping type B with small duration and processing capability 2 for FR2 devices (taking into account that these features were defined for FR2 also, based on TS 38.214).
Issue 2-5-2-1: Pre-emption periodicity and Issue 2-5-2-2: MCS
We suggest to decide these issues in the next meeting based on simulation analysis for different types of UEs (with and without pre-emption indication detection)
Issue 2-5-2-3: Other parameters for eMBB
We are fine to reuse eMBB parameters from Rel-15 Normal test and consider 70% test metric.
[Intel-Email]: 
•	For Issue 2-5-1-4: Number of HARQ process. As we commented in section 1.6.2, we still think that 4 HARQ process is also valid configuration. Therefore, we suggest to keep this open. Taking into account that HARQ retransmissions are not configured for this test, this parameter does not affect the performance and we can start evaluation for the next meeting.
•	UE FR2 requirements: We would like to clarify recommended WF. Does it mean: if UE supports FR1 and FR2 then we test only FR1 URLLC requirements and if UE supports only FR2 then we test only FR2 URLLC requirements?

	Ericsson
	Sub-topic 2-5-1:
Issue 2-5-1-2 & 2-5-1-3: Unlike the reliability requirement, low latency UEs may be in good or bad SNR conditions. In good SNR conditions, it is more optimal to use a higher modulation order (with reduced RBs if the data block size is limited). Hence, we see both MCS as realistic. Actually the higher MCS is the more stringent case, so if downselecting it would make more sense to consider the higher MCS.
Issue 2-5-1-6: To clarify our preference – we prefer most to call the metric 30% BLER or 70% successful delivery. The reason to avoid writing the metric so that it sounds like throughput is that in this case we are not targeting throughput in the same way as EMBB; we are actually targeting how many data packets are delivered successfully within the latency criterion.
Issue 2-5-1-7: We see no use case for ultra-low BLER for FR2. However, transmission of data packets with a fixed and small size that are latency sensitive is a realistic use case. Using all symbols in a slot is very resource wasteful for such data units and so reduced symbol requirements should be introduced for this case.
Sub-topic 2-5-2:
Issue 2-5-2-1:
We prefer option 3, it will essentially be the same as option 1, but considering we should not write in the specification that there is a fixed scheduling. We can clarify in the test configuration that it is indeed a periodicity and slot offset for the test setup. But the test itself should indicate that this test is meant to capture the “on the fly” nature of the pre-emption feature.
---- Update 2020-04-28  ----
For the MCS, we prefer to keep MCS4 and/or MCS17. If we agree only 2os, then MCS4 will lead to a very small TBS. However, it should be noted that MCS4 will most likely not be used for the ultra-reliability requirement so it would not be tested. Some more consideration may be needed.

	Qualcomm
	Sub-topic 2-5-1: PDSCH mapping Type B and processing capability 2
Issue 2-5-1-5: PDSCH symbol length: We prefer Option 1 since that has the lowest latency.
Issue 2-5-1-7: Whether to define URLLC UE low latency requirements for FR2: We don’t see any practical scenario to define this for FR2. Due to high SCS, latency is already low in case of FR2.

Sub-topic 2-5-2: Pre-emption indication
Issue 2-5-2-1: Pre-emption periodicity: We prefer Option 1 or Option 3. 20% probability is rather high in practice.
Issue 2-5-2-2: MCS: We prefer to keep this open in this meeting.
Issue 2-5-2-3: Other parameters for eMBB: Ok with the table.


	NTT DOCOMO
	Sub-topic 2-5-1: PDSCH mapping Type B and processing capability 2
Issue 2-5-1-1: TDD pattern (30KHz SCS): 
For the sake of progress, we can remove Option 3 and we prefer Option 2.
Issue 2-5-1-4: Number of HARQ process
As commented in Issue 2-5-1-1, we prefer Option 2 instead of Option 3. 4 or 8 HARQ process should be baseline since these values are assumed for the most of Rel.15 UE demodulation requirements.
Issue 2-5-1-7: Whether to define URLLC UE low latency requirements for FR2
We prefer Option 2.




Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”





Topic #3: CQI reporting requirements for support of CQI table 3
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003182

	Intel Corporation

	Proposal 5: Define wideband CQI requirements for fading conditions to verify CQI Table 3 using the following test metrics:
· A CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least α% of the time
· The ratio of the throughput with follow CQI vs median CQI shall be ≥ γ

	R4-2003682

	Huawei, HiSilicon

	Proposal 1: Introduce CQI reporting requirements to verify the support of CQI Table 3 in AWGN.  
Proposal 2: Consider a higher BLER target, e.g. 1-10-3.
Proposal 3: The BLER criteria test metrics presented in TS38.101-4 Section 6 can be reused.

	R4-2003826

	Ericsson

	Observation 1: the eMBB designed CQI tests does not satisfy the criteria needed for UEs supporting CQI table 3.
Proposal 1: New CQI definition test should be designed with lower BLER target metric of 1%.
Proposal 2: Test URLLC CQI reporting requirements with the following parameters:
· AWGN channel model
· Target BLER: 10^-2

	R4-2004010

	NTT DOCOMO, INC.

	Proposal 7: Target BLER=10^-5 should be applied for CQI reporting requirements

	R4-2004781

	Qualcomm Incorporated

	Proposal 2: Define CQI reporting tests for testing 99.999% reliability under AWGN condition.
Proposal 3: Define a lower bound for median reported CQI in the CQI reporting tests for 99.999% reliability.
Observation 1: Only one long test needs to be run for testing CQI reporting under AWGN condition for 1e-5 BLER with 99.999% confidence level.
Proposal 4: Define CQI reporting test under AWGN condition with 99.999% confidence level.
Observation 2: It is possible to have an applicability rule between CQI reporting test and FMCS test under AWGN.
Proposal 5: Define an applicability rule between CQI reporting test and FMCS test under AWGN to reduce the number of tests.



Open issues summary
In this section, the remaining open issues for CQI reporting test will be discussed.
From the approved WF R4-2002428 in RAN4 #94 e-meeting, remaining open issues are listed as follows:
Open issues:
· Propagation channel for CQI reporting
· Option 1: AWGN 
· Option 2: Fading channel 
· Target BLER
· Option 1: 10^-3 
· Option 2: 10^-2 
· Option 3: 10^-5 
· Option 4: No BLER metric in fading channel
· Test metric
· Option 1: Reuse existing BLER criteria test metrics 
· Option 2: Percentage based of the maximum theoretical throughput  
· Option 3: Reuse existing BLER criteria test metrics with a minimum median CQI 
· Option 4: TP ratio with follow CQI vs median CQI and CQI not in set metric 
· Feasibility to define CQI reporting test case and FMCS case at the same SNR
· Option 1: Consider defining FMCS test and CQI reporting test under AWGN with the same SNR and define an applicability rule between CQI reporting test and FMCS test under AWGN to reduce the number of long tests
Sub-topic 3-1 CQI reporting requirements for support of CQI table 3
Open issues and candidate options before e-meeting:
Issue 3-1-1: Propagation channel for CQI reporting
· Proposals
· Option 1: AWGN (Huawei, Ericsson, QC, DoCoMo)
· Option 2: Fading channel (Intel, Apple)
· Recommended WF
· TBA

Issue 3-1-2: Target BLER
· Proposals
· Option 1: 10^-3 (Huawei, Ericsson)
· Option 3: 10^-5 (DoCoMo, QC)
· Recommended WF
· TBA

Issue 3-1-3: Test metric
· Proposals
· Option 1: (Huawei)
· The reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time. If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to the target BLER, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than the target BLER. If the PDSCH BLER using the transport format indicated by the median CQI is greater than the target BLER, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to the target BLER.
· Option 2: (QC)
· The reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time. If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to the target BLER, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than the target BLER. If the PDSCH BLER using the transport format indicated by the median CQI is greater than the target BLER, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to the target BLER.
· Define a lower bound for median reported CQI in the CQI reporting tests for 99.999% reliability.
· Option 3: (Intel, Apple)
· A CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least α% of the time
· The ratio of the throughput with follow CQI vs median CQI shall be ≥ γ
· Recommended WF
· TBA

Issue 3-1-4: Feasibility to define CQI reporting test case and FMCS case at the same SNR
· Option 1: Consider defining FMCS test and CQI reporting test under AWGN with the same SNR and define an applicability rule between CQI reporting test and FMCS test under AWGN to reduce the number of long tests. (QC)

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Ericsson
	Issue 3-1-2:
We are ok with option 1 as well to set target BLER at 10^-3. We think that this is a functionality test for CQI Table 3, conducting testing based on target BLER 10^-5 is not feasible given the long test time. Since CQI is just an indication of the history of how good the channel was, conducting long tests based on ultra-low BLER target does not mean that passing the CQI reporting test will ensure that link adaptation will work under Ultra-Low BLER real world conditions.

	Qualcomm
	Issue 3-1-2: In our opinion, it is important to test CQI reporting with 1e-5 BLER to ensure proper UE reporting for such low BLER target. If UE only reports the CQI based on 1e-3 BLER in reality, then even if gNB adds some margin to it, we may not achieve 1e-5 BLER unless we go to the lowest MCS. That will degrade the overall system performance. We already proposed to have an applicability rule between FMCS and CQI reporting long tests to reduce the number of tests.
To Ericsson: We don’t agree that CQI reporting is only a functionality test. Otherwise, we won’t have defined any CQI reporting tests in RAN4. The whole purpose of CQI reporting test is to ensure that certain BLER performance can be achieved in the field to maintain overall good system performance and diluting the BLER requirement completely defeats that purpose.

	Intel
	Issue 3-1-1, 3-1-2, 3-1-3
We suggest to define CQI table 3 for fading condition, because:
1) Based on our understanding, CQI testing methodology for static condition is not applicable to scenarios with CQI Table 3 in case target BLER is higher than 10^-5, because we assume that BLER for Median CQI will be around 10^-5 and, as result, BLER for Median CQI+1 probably will be less than 10^-2 or 10^-3. Therefore, we think that CQI Table 3 with static conditions can be tested only for target BLER 10^-5. 
2) CQI testing for BLER 10^-5 is much higher than for fixed MCS due to early termination procedure is not used by RAN5 for this type of requirements (more details are in replay to the following e-mail thread [94e Bis][218] NR_L1enh_URLLC_Demod_Test)

	Apple
	Issue 3-1-1: Propagation channel for CQI reporting
Option 2
Issue 3-1-3: Test metric
Option 3


	NTT DOCOMO
	Issue 3-1-1: In our understanding, both options have different motivation, i.e. CQI reporting test under AWGN is motivated mainly for testing whether CQI is reported with acceptable BLER, on the other hand, CQI reporting test under fading channel is motivated for testing whether follow CQI provides feasible performance gain. So we prefer to support both options and we think at least Option 1 should be supported.
Issue 3-1-2: We support Option 3.


 

CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
No tentative agreements in this section. 

Candidate options:
Recommendations for 2nd round:
All open issues are listed again in section 3.5. Companies are encouraged to share more justifications to make progress.



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	All related agreements are to be captured in WF R4-2005527 discussed in section 1.6.2
	



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round
Sub-topic 3-5-1 CQI reporting requirements for support of CQI table 3

Issue 3-5-1-1: Propagation channel for CQI reporting
· Proposals
· Option 1: AWGN (Huawei, Ericsson, QC, DoCoMo)
· Option 2: Fading channel (Intel, Apple)
· Recommended WF
· TBA

Issue 3-5-1-2: Target BLER
· Proposals
· Option 1: 10^-3 (Huawei, Ericsson)
· Option 3: 10^-5 (DoCoMo, QC)
· Recommended WF
· TBA

Issue 3-5-1-3: Test metric
· Proposals
· Option 1: (Huawei)
· The reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time. If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to the target BLER, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than the target BLER. If the PDSCH BLER using the transport format indicated by the median CQI is greater than the target BLER, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to the target BLER.
· Option 2: (QC)
· The reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time. If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to the target BLER, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than the target BLER. If the PDSCH BLER using the transport format indicated by the median CQI is greater than the target BLER, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to the target BLER.
· Define a lower bound for median reported CQI in the CQI reporting tests for 99.999% reliability.
· Option 3: (Intel, Apple)
· A CQI index not in the set {median CQI -1, median CQI, median CQI +1} shall be reported at least α% of the time
· The ratio of the throughput with follow CQI vs median CQI shall be ≥ γ
· Recommended WF
· TBA

Issue 3-5-1-4: Feasibility to define CQI reporting test case and FMCS case at the same SNR
· Option 1: Consider defining FMCS test and CQI reporting test under AWGN with the same SNR and define an applicability rule between CQI reporting test and FMCS test under AWGN to reduce the number of long tests. (QC)


Companies views’ collection for 2nd round 
	Company
	Comments

	Intel
	Issue 3-5-1-1: Propagation channel for CQI reporting
Prefer Option 2. Based on our understanding, CQI testing under AWGN conditions is only possible for BLER 10^-5 in case existing CQI methodology will be reused. Same time, CQI testing for 10^-5 will take much longer test time then fixed MCS testing.

	Qualcomm
	Sub-topic 3-5-1: CQI reporting requirements for support of CQI table 3
Issue 3-5-1-1 and Issue 3-5-1-2: We prefer Option 1 to verify 1e-5 BLER performance for CQI reporting for CQI Table 3.
Issue 3-5-1-3: Test metric: We prefer Option 2 to ensure UE doesn’t pass the test by simply sending MCS0 all the time.
Issue 3-5-1-4: Feasibility to define CQI reporting test case and FMCS case at the same SNR: Based on our simulations, it is feasible to define both the tests at the same SNR. Having this applicability rule will enable us to test both FMCS and CQI reporting for 1e-5 BLER in a single test.




Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”





Topic #4: BS demodulation requirements for high reliability
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2004919

	Samsung

	Proposal 5: Only introduce the requirement for high reliability with higher BLER with 2 slots aggregation level.
Proposal 6: Deprioritize the high reliability requirement with DFT-s-OFDM waveform.

	R4-2003183

	Intel Corporation

	Proposal 1: Use the following assumptions for FR1 URLLC high reliability requirements:
· pusch-AggregationFactor: 2 for FDD and TDD 30 kHz, 8 for TDD 15 kHz
· Number of PRBs: Full bandwidth
· Waveform: Only CP-OFDM
Proposal 3: Define PUSCH FR2 URLLC requirements to verify the following functionality: “Low SE” MCS table, slot-aggregation and PUSCH mapping Type B with small duration.
Proposal 4: Define PUSCH FR2 URLLC requirements only for 60kHz/50MHz and 120kHz/100MHz.

	R4-2003631

	NTT DOCOMO, INC.

	Proposal 7: For high-reliability tests, introduce requirements for FR2.
Proposal 8: Define high-reliability requirements with the following channel bandwidth.
· 15kHz SCS (FR1): Full bandwidth for 5/10MHz
· 30kHz SCS (FR1): Full bandwidth for 10/40MHz
· 60kHz SCS (FR2): Full bandwidth for 50/100MHz
· 120kHz SCS (FR2): Full bandwidth for 50/100MHz
Proposal 9: For high-reliability test, configure aggregation level 4 or 8.
Proposal 10: For high-reliability requirements, introduce DFT-s-OFDM for both FR1 and FR2 with only minimum channel bandwidth.

	R4-2003683

	Huawei, HiSilicon

	Proposal 1: We propose PUSCH aggregation level is 2.
Proposal 2: Use full bandwidth for frequency domain allocation.
Proposal 3: No need to define performance requirements for DFT-s-OFDM.
Proposal 4: RAN4 does not need to clarify the safety statement.
Proposal 5: No need to define BS FR2 URLLC performance requirements for high reliability.

	R4-2003843

	Ericsson

	Proposal 1: For the already agreed bandwidths of 10MHz/15k SCS and 40MHZ/30k SCS, use all available RBs.
Proposal 2: If further bandwidths are agreed, use 52 RB for the 15k SCS and 106RB for the 30k SCS regardless of bandwidth.
Proposal 3: Define requirements with CP-OFDM waveform only

	R4-2003845

	Ericsson

	Proposal 2: Create BS and UE performance requirements for slot aggregation and PDSCH/PUSCH mapping type B for FR2.

	R4-2003901

	Nokia, Nokia Shanghai Bell

	Proposal 1: RAN4 to not include further SCS and CBW combinations in FR1.
Proposal 2: RAN4 to consider a single PUSCH aggregation level of n4.
Observation 1: Full applicable test CBW should be chosen for the FDRA. Such a configuration is advantageous for high reliability, since frequency diversity needs to be exploited in real systems. Hence, full CBW is representative of a practical deployment.
Proposal 3: RAN4 to consider option 2 for the number of RB for PUSCH (FDRA covering full CBW).
Proposal 4: RAN4 to not have high reliability & high confidence level test requirements for DFT-s-OFDM.
Observation 2: The safety critical aspect disclaimer is exclusively at high reliability & high confidence level use cases/requirements.
Proposal 5: Needs to be clarified in 3GPP test specification.
Observation 3: FR2 is not a common use case for high reliability communication. The reliability of demodulation does not depend on the chosen FR.
Proposal 6: Do not define BS FR2 URLLC performance requirements for high reliability.
Observation 4: The captured options do not fully reflect the question of whether a BS that supports both FR1 and FR2, needs to test both, or if it can choose to only test one/
Proposal 7: RAN4 to follow the Rel-15 applicability rules for PUSCH mapping type A/B, i.e., a BS that supports both FR1 and FR2 can chose to test either FR1 or FR2 (or both).
Proposal 8: Option 2; Do not introduce FR2 URLLC PUSCH demodulation requirement for high reliability with higher BLER.



Open issues summary
During the last meeting, most of the test parameters for FR1 were agreed. In this section, the remaining open issues will be discussed and the opinions of whether to define URLLC high reliability requirements for FR2 is collected.
From the approved WF R4-2002429 in RAN4 #94 e-meeting, following were agreed:
Agreement:
· Target BLER : 1%
· Target confidence level: 99%
· Calculate the target BLER after all transmission if HARQ activated.
· Number of HARQ transmission: 4
· MCS: MCS 5 in table 3
· Waveform: CP-OFDM
· TDD pattern: 
· 15kHz SCS: 3D1S1U, S=10D: 2G: 2U
· 30kHz SCS: 7D1S2U, S=6D: 4G: 4U 
· Symbol length is 14 with starting symbol 0
· DM-RS configuration: Type 1 with single-symbol: 1+1
· Antenna configuration: 1x2, low
· Propagation condition: TDLB100-400
· Mapping Type: Type A and B with test applicability rule defined.
· SCS&BW for FR 1
· 10MHz/15kHz
· 40MHz/30kHz
· Other sets are not precluded
Open issues:
· PUSCH aggregation level
· Option 1: 2
· Option 2: 4 
· Option 3: 2, 4  
· Option 3: 8 
· Number of PRBs
· Option 1: 25 
· Option 2: Full bandwidth
· Option 3: Other options not precluded (depending on bandwidth set)
· Whether to introduce DFT-s-OFDM: 
· Option 1: No 
· Option 2: Yes 
· Issue 4: Safety critical aspects: 
· Proposals 
· Proposal 11: If high reliability will be tested with BLER metric, add the following note to the test specification: “Note that this test procedure will only provide an indication to a certain confidence level that the target reliability requirements are likely to be satisfied, and it is assumed that for critical applications further testing would be done to ensure suitability of the equipment for the intended application.” (Nokia)
· Since the URLLC features of 5G NR will potentially be used in safety critical applications, the ultimately chosen statistical testing methodology for testing of these features must be verified by an independent body of experts/statisticians, before requirements and test can be used as basis for safety critical implementations. All statistical analysis and discussions provided in this meeting are to be taken as a best effort and is not to be taken as due diligence. (Nokia)
· Option 1: Need to be clarified in 3GPP specification. 
· Option 2: No need to be clarified in 3GPP specification. 
The above issues relate to FR1, there are also some open issues for FR2. In this section, the open issues for FR2 will be discussed.
Open issues:
· Whether to define BS FR2 URLLC performance requirements for high reliability
· Option 1: Do not define 
· Option 2: Define. 
· Test applicability rule for FR1 and FR2 performance requirements if both requirements are defined
· Option 1: Based on BS declaration of support FR1 or FR2 
· Option 2:  If BS supports both FR1 and FR2, the performance requirements for both FR1 and FR2 should be tested 
· SCS&BW for FR2 if FR2 will be defined
· 60kHz SCS
· Option 1: 50/100MHz 
· Option 2: No test 
· Option 3: 50 MHz 
· 120kHz SCS
· Option 1: 50/100/200MHz 
· Option 2: No test 
· Option 3: 100 MHz 

Sub-topic 4-1: BS demodulation requirements with higher BLER and/or lower confidence level
In this sub-topic, the parameters for FR1 will be discussed:
Open issues and candidate options before e-meeting:
Issue 4-1-1: PUSCH aggregation level
· Proposals
· Option 1: 2 (Samsung, Huawei, Nokia)
· Option 2: 2 for FDD and TDD 30 kHz, 8 for TDD 15 kHz (Intel, Ericsson?)
· Option 3: 4 (DoCoMo)
· Option 4: 8 (DoCoMo)
· Recommended WF
· For TDD 15kHz with DDDSU:
· Option 1: AL=2
· Option 2: AL=8
· For TDD 30kHz with 7DS2U, AL=2

Issue 4-1-2: SCS/CBW (15 KHz/10 MHz, 30 KHz/40 MHz have been agreed)
· Proposals
· Option 1: 15 KHz for 5/10 MHz, 30 KHz for 10/40 MHz (DoCoMo)
· Option 2: Only 15 KHz/10 MHz, 30 KHz/40 MHz (Huawei, Nokia, Samsung, Intel, Ericsson)
· Recommended WF
· Continue to discuss in the 2nd round.

Issue 4-1-3: Number of PRBs
· Proposals
· Option 1: Full bandwidth (Intel, DoCoMo, Huawei, Ericsson assuming only <=10/40MHz bandwidths specified, Nokia, Samsung)
· Option 2: 
· Recommended WF
· Accept to Option 1: Full bandwidth

Issue 4-1-4: Test applicability for different SCS and channel bandwidth
· Proposals
· Option 1: 
· Option 2: 
· Recommended WF
· Reuse the test applicability rules defined for NR Rel-15 PUSCH performance requirements (Samsung, Ericsson, Huawei, Nokia)

Issue 4-1-5: Whether to define requirements with DFT-s-OFDM
· Proposals
· Option 1: No (Samsung, Intel, Huawei, Ericsson, Nokia)
· Option 2: Yes (DoCoMo)
· Recommended WF
· Not define requirements with DFT-s-OFDM by following majority view?

Sub-topic 4-2: Others
Open issues and candidate options before e-meeting:
Issue 4-2-1: Whether to clarify the safety statement
· Proposals
· Option 1: No (Huawei)
· Option 2: Yes (Nokia, Ericsson)
· Since the URLLC features of 5G NR will potentially be used in safety critical applications, the ultimately chosen statistical testing methodology for testing of these features must be verified by an independent body of experts/statisticians, before requirements and test can be used as basis for safety critical implementations. All statistical analysis and discussions provided in this meeting are to be taken as a best effort and is not to be taken as due diligence. (Nokia)
· Recommended WF
· TBA

Issue 4-2-2: Whether to define requirements for FR2 
· Proposals
· Option 1: No (Huawei, Nokia, Samsung) 
· Option 2: Yes (DoCoMo, Intel, Ericsson)
· Recommended WF
· TBA

Issue 4-2-3: Test applicability rule for FR1 and FR2 (only if option 2 of issue 4-2-1 is agreed)
· Proposals
· Option 1: If BS supports both FR1 and FR2, the tests shall be done for either FR1 or FR2 (Nokia)
· Option 2: If BS supports both FR1 and FR2, the tests shall be done both (DoCoMo)
· Recommended WF
· TBA

Issue 4-2-4: SCS/BW for FR2 (only if option 2 of issue 4-2-1 is agreed)
· Proposals
· 60 KHz:
· Option 1: 50 MHz (Intel)
· Option 2: 50 MHz and 100 MHz (DoCoMo)
· 120 KHz
· Option 1: 100 MHz (Intel)
· Option 2: 50 MHz and 100 MHz (DoCoMo)
· Recommended WF
· TBA

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Ericsson
	Issue 4-1-1: As discussed in our paper, our understanding is that with the agreed TDD configuration, aggregation factor 8 has to be configured and then there will be 2 slots repetition (due to only being 2 UL slots per 8 slots). These will be consecutive for the 30kHz SCS but not for the 15kHz SCS. Possibly the option 5 may be the same as option 1. Other companies please check/comment.
Issue 4-1-2: We can consider option 1 as long as there is an applicability rule so that only 1 bandwidth is tested.
Issue 4-1-4: Agree with the proposed WF
Issue 4-1-5: We support the general principle of adding a statement that the demodulation performance requirements should not be confused with guaranteeing link performance and availability in mission or safety critical scenarios.
Issue 4-2-2: Out view is that there are scenarios for using aggregation and/or reduced symbols for URLLC in FR2 for some applications, although not for those targeting the ultra-lowest BLER levels.

---- Update 2020-04-22   -----
To Intel: I checked your comment and it seems like you have a point that with 3D1S1U it is not possible to do aggregation because the slots need to be consecutive. We already agreed that the TDD pattern should be 3D1S1U. I guess we and other interested companies need to check and find a mutual agreeable way to handle this. Another possibility is, to configure all slots UL (i.e. FDD) for the 15k SCS as an exception for this requirement.

	Samsung
	Issue 4-1-1
We prefer option 1 as 2 PUSCH aggregation level for TDD and FDD. 
Since the HARQ transmission is agreed, different RV can be covered with 2 PUSCH aggregable level with HARQ. Based on our initial results, PUSCH aggregation level with 2 combined HARQ transmission can achieve the similar performance with 8 PUSCH aggregation level without combined HARQ transmission, and better than 4 aggregation level.
Meanwhile, for TDD, the available effective consecutive slots for UL is only 2. There is no meaning to configure with lager PUSCH aggregation level.
Regarding the issue mentioned by intel for TDD with 15KHz SCS. Due to the unavailable UL slots with TDD, the transmission delay will be increasing in order to complete multi-slot transmission with large number of PUSCH aggregation level, we are open to further discussion, and we wonder whether with large number of PUSCH aggregation level is a useful scenario? When the channel condition is worse, the process delay will be more serious with HARQ transmission. 
Based on the RV allocation for each transmission scheme, with 8 PUSCH aggregation level with TDD 15KHz, the RV for effective UL transmission is same with TDD 30KHz with 2 PUSCH aggregation level, where RV value is calculated with mod (n, 4) operation for nth transmission.
From the demodulation requirements perspective, there should be no performance difference with 2 PUSCH aggregation level for FDD. Therefore, it is not necessary to define the URLLC requirement with 8 PUSCH aggregation level for TDD with 15KHz., if needed, the applicability rule maybe need to consider.

Issue 4-1-2
We prefer option 2 with only one BW for each SCS. Based on the PUSCH requirement for eMBB, the performance difference with different CBW in each SCS is minor. We prefer to focus one BW and SCS to reduce the test effort.

Issue 4-1-3
We are fine with full bandwidth as option 1
Issue 4-1-4
We are fine with recommended WF

Issue 4-1-5
We prefer option 1
Since URLLC with multi-slot transmission is only available for single-layer. Both CP-OFDM and OFDM waveform can support with one layer. Meanwhile, the mcs table for lower spectrum efficient is same with CP-OFDM and DFT-s-OFDM waveform. 
In Rel-15 NR BS demod, both PUSCH requirement with CP-OFDM and DFT-s-OFDM waveform are introduced. In terms of performance requirement, the difference is minor. Therefore, we think the high reliability with high BLER requirement with only CP-OFDM should be efficient.

Issue 4-2-1
We are open to further discuss about the necessity this issue 
For eMBB test, we have the similar safety critical aspects test issue to meet a certain confidence level with target reliability requirements. Since only changed for URLLC test are confidence level and target reliability. If follow the principle of eMBB, we slightly prefer as option 1 at this stage
Meanwhile, this issue is no impact on the requirement specified. It is not urgent to decide this at current stage.

Issue 4-2-2
We prefer option 1 not define FR2 requirement. The current URLLC requirement is prioritized with Rel-15 URLLC RAN1 feature. Based on TS 38.824, all the evaluation for Rel-15 enable use case in RAN1 are targeting carrier frequency with 4GHz and FDD, or 700MHz and FDD. 
In that sense, the typical Rel-15 URLLC scenario is FR1. We should define the requirements based on the typical scenario for URLLC, while not to duplicate the requirements specified for eMBB scenario.

Issue 4-2-3
We prefer not to define FR2 requirement, as reason in Issue 4-2-2
Issue 4-2-4
We prefer not to define FR2 requirement, as reason in Issue 4-2-2

	Huawei
	Issue 4-1-1:
We can compromise to option 2 with applicability rule for different subcarrier spacing. 
From our understanding, option 5 is the same with option 2. For “DDDSU”, 2 non-consecutive uplink slots will be repetition when AL=8. However, as we are discussing the configuration of the PUSCH aggregation level, if companies agree on this configuration. The AL should be set to 8 for “DDDSU” and 2 for “7D1S2U”.

Issue 4-1-4:
Agree with the WF.

Issue 4-2-2:
We prefer option 1. FR2 is not the common use case for URLLC. We have already provided a lot of references in R4-2003683 to show that the carrier frequencies of 4 GHz and 700 MHz are used for URLLC use cases which include electrical power distribution, factory automation, Rel-15 enabled use case and transport industry. We should focus on the FR1 at this stage and deprioritize FR2.   

Updates on 22nd:
To Ericsson:
We have check this issue, from our understanding, DDDSU can do with aggregation factor, as Intel mentioned in their contribution, when AL=8 is configured to DDDSU, only 2 slots are transmitted with repetition. From RAN1’s definition, the consecutive is limited for configuration, but UE can do with non-consecutive slot.

	Intel
	Issue 4-1-1: PUSCH aggregation level
Based on our understanding, if AL is configured to N than number of transmitted UL repetitions will be equal to min{N, number of UL slots within N consecutive slots}. Therefore, if AL is configured to 2 or 4 for 3D1S1U pattern then number of transmitted repetitions will be equal to 1. Same time, if we configure AL to 2 for FDD or 7D1S2U pattern then number of transmitted repetitions will be equal to 2. If we configure AL to 8 for 3D1S2U then number of transmitted repetitions will be also equal to 2. Therefore, we suggest to consider different AL configurations for different scenarios to ensure same number of transmitted UL repetitions and avoid definition of different requirements for different scenarios.
Issue 4-1-2: SCS/CBW
Support Option 2.

	Nokia, Nokia Shanghai Bell
	Issue 4-1-1: PUSCH aggregation level
Following the pointers in Ericsson’s discussion contribution, we now believe it difficult to have n4 or n8 as an effective aggregation level with standard TDD patterns.
Hence we want to change our preference to option 1 (n2).
Issue 4-1-2: SCS/CBW (15 KHz/10 MHz, 30 KHz/40 MHz have been agreed)
We don’t see 5MHz/15kHZ and 10MHz/30kHz, as common use cases for high reliability, due to lack of frequency diversity. 
So we still prefer option 2.
Issue 4-1-3: Number of PRBs
Due to the same reason as in issue 4-1-2, we prefer full bandwidth (at least for CBWs <=40MHz, above one needs to re-evaluate the TBS).
Issue 4-1-4: Test applicability for different SCS and channel bandwidth
Fine for proposed WF.
Issue 4-1-5: Whether to define requirements with DFT-s-OFDM
We think that CP-OFDM only as a baseline is sufficient for minimum performance requirements.
Issue 4-2-1: Whether to clarify the safety statement
The disclaimer is aimed at the high reliability & high confidence level use cases/requirements.
Thus, it’s closer to the case discussed in “[94e Bis][218] NR_L1enh_URLLC_Demod_Test”, however we think that the decision authority for this matter lies with the AI 6.9.1.3 (BS demodulation requirements).
So, we put our proposal here.
The reasoning remains unchanged: Since the URLLC features of 5G NR will potentially be used in safety critical applications, the ultimately chosen statistical testing methodology for testing of these features must be verified by an independent body of experts/statisticians, before requirements and test can be used as basis for safety critical implementations. All statistical analysis and discussions provided in this meeting are to be taken as a best effort and is not to be taken as due diligence.
Issue 4-2-2: Whether to define requirements for FR2
FR2 is not a common use case for high reliability communication. The reliability of demodulation does not depend on the chosen FR.
Hence, we prefer to not define FR2 requirements.
Issue 4-2-3: Test applicability rule for FR1 and FR2 (only if option 2 of issue 4-2-1 is agreed)
In case FR2 requirements are agreed, it should be up to declaration which one is tested (even if both are declared to be supported).

	NTT DOCOMO
	Issue 4-1-1: Regarding Option1, the functionality of PUSCH aggregation cannot be confirmed since aggregation level = 2 is not enough taking into account of the agreed TDD pattern for 15kHz (i.e., 15kHz SCS: 3D1S1U, S=10D: 2G: 2U). 
Issue 4-1-2: We prefer Option 1. Option 2 means that RAN4 does not support URLLC requirements for BS with channel bandwidth less than 10MHz for 15kHz SCS or 40MHz for 30kHz SCS since there are no applicable requirements for such BS. In our understanding, to allow BS to support any channel bandwidth, requirements for minimum channel bandwidth should be defined. In addition, similar applicability rule for channel bandwidth as Rel.15 can be considered for URLLC requirements.
Issue 4-1-3: We agree with the recommended WF.
Issue 4-1-4: We agree with the recommended WF.
Issue 4-1-5: We prefer Option 2. Applicability rule that tests either one (i.e., CP-OFDM or DFT-s-OFDM) according to the declaration can be introduced. Note that the number of test is not increased.
Issue 4-2-2: We support Option 2. In our views, some URLLC features are FR agnostic features and available in both FR1 and FR2. To verify the performance and functionality of URLLC features in FR2, the requirements for FR2 should be defined.
Issue 4-2-3: We prefer Option 2. The similar applicability rule as Rel.15 should be considered.
Issue 4-2-4: We prefer Option 2. For 120kHz SCS, if Option 1 is agreed, no test will be applied for BS that declares support for 50MHz with 120kHz SCS as a maximum channel bandwidth. In our understanding, to allow BS to support any channel bandwidth as a maximum channel bandwidth, requirements for minimum channel bandwidth should be defined. In addition, similar applicability rule as Rel.15 can be considered for URLLC requirements.


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
BS demodulation requirements with higher BLER and/or lower confidence level:
· PUSCH aggregation level
· 2 for TDD 30 kHz SCS with TDD pattern 7DS2U.
· Number of PRBs: Full bandwidth.
· Test applicability for different SCS and channel bandwidth: 
· Reuse the test applicability rules defined for NR Rel-15 PUSCH performance requirements
· Not define requirements with DFT-s-OFDM
Candidate options:
Recommendations for 2nd round:
· PUSCH aggregation level for 15 kHz SCS
· Option 1: 2 (Samsung, Huawei, Nokia)
· Option 2: 8 (DoCoMo, Ericsson)
· SCS/CBW
· Option 1: 15 KHz for 5/10 MHz, 30 KHz for 10/40 MHz (DoCoMo)
· Option 2: Only 15 KHz/10 MHz, 30 KHz/40 MHz (Huawei, Nokia, Samsung, Intel, Ericsson)
· Whether to clarify the safety statement
· Option 1: No (Huawei)
· Option 2: Yes (Nokia, Ericsson)
· Since the URLLC features of 5G NR will potentially be used in safety critical applications, the ultimately chosen statistical testing methodology for testing of these features must be verified by an independent body of experts/statisticians, before requirements and test can be used as basis for safety critical implementations. All statistical analysis and discussions provided in this meeting are to be taken as a best effort and is not to be taken as due diligence. (Nokia)
· Whether to define requirements for FR2
· Option 1: No (Huawei, Nokia, Samsung) 
· Option 2: Yes (DoCoMo, Intel, Ericsson)
· Test applicability rule for FR1 and FR2 (only FR2 is defined)
· Option 1: If BS supports both FR1 and FR2, the tests shall be done for either FR1 or FR2 (Nokia)
· Option 2: If BS supports both FR1 and FR2, the tests shall be done both (DoCoMo)
· SCS/BW for FR2 (only if FR2 is defined)



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	R4-2005528
	Way forward on NR URLLC BS performance requirements
	Huawei, HiSilicon




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round
Sub-topic 4-5-1: BS demodulation requirements with higher BLER and/or lower confidence level:
Issue 4-5-1-1: PUSCH aggregation factor
· Proposals
· 15 kHz TDD with pattern DDDSU: 
· Option 1: n2 (Samsung, Huawei, Nokia)
· Option 2: n8 (DoCoMo, Ericsson, Intel)
· Recommended WF

Issue 4-5-1-2: SCS/CBW (15 KHz/10 MHz, 30 KHz/40 MHz have been agreed)
· Proposals
· Option 1: 15 KHz for 5/10 MHz, 30 KHz for 10/40 MHz (DoCoMo)
· Option 2: Only 15 KHz/10 MHz, 30 KHz/40 MHz (Huawei, Nokia, Samsung, Intel, Ericsson)
· Recommended WF

Sub-topic 4-5-2: Others
Issue 4-5-2-1: Whether to clarify the safety statement
· Proposals
· Option 1: No (Huawei)
· Option 2: Yes (Nokia, Ericsson)
· Since the URLLC features of 5G NR will potentially be used in safety critical applications, the ultimately chosen statistical testing methodology for testing of these features must be verified by an independent body of experts/statisticians, before requirements and test can be used as basis for safety critical implementations. All statistical analysis and discussions provided in this meeting are to be taken as a best effort and is not to be taken as due diligence. (Nokia)
· Recommended WF
· TBA

Issue 4-5-2-2: Whether to define requirements for FR2
· Proposals
· Option 1: No (Huawei, Nokia, Samsung) 
· Option 2: Yes (DoCoMo, Intel, Ericsson)
· Recommended WF
· TBA

Issue 4-5-2-3: Test applicability rule for FR1 and FR2 (only if FR2 is defined)
· Proposals
· Option 1: If BS supports both FR1 and FR2, the tests shall be done for either FR1 or FR2 (Nokia)
· Option 2: If BS supports both FR1 and FR2, the tests shall be done both (DoCoMo)
· Option 3: Which tests related to FR1 and FR2 to be tested is based on BS declaration: [FR1], [FR2], [FR1&FR2]
· Recommended WF
· TBA

Issue 4-5-2-4: SCS/BW for FR2 (only if FR2 is defined)
· Proposals
· 60 KHz:
· Option 1: 50 MHz (Intel)
· Option 2: 50 MHz and 100 MHz (DoCoMo)
· 120 KHz
· Option 1: 100 MHz (Intel)
· Option 2: 50 MHz and 100 MHz (DoCoMo)
· Recommended WF
· TBA


Companies views’ collection for 2nd round
Open issues 
	Company
	Comments

	Huawei
	Sub-topic 4-5-1: BS demodulation requirements with higher BLER and/or lower confidence level:
Issue 4-5-1-1: PUSCH aggregation level
For 15 kHz TDD: DDDSU, although AL=8 can keep 2 repetition transmission, the delay will be large. It is not a useful scenario. We prefer to define AL=2.

Sub-topic 4-5-2: Others:
Issue 4-5-2-2: Whether to define requirements for FR2
We prefer not define FR2 requirements as there are no URLLC use cases at current stage.
Updated on 29th:
To Ericsson
Yes, if n2 is configured, there will be no repetition for TDD pattern of DDDSU. At the same time, we do not think it is a practical scenario in real network to configure n8 for TDD pattern of DDDSU. If RAN4 just wants to verify the repetition functionality and must configure aggregation factor to achieve repetition regardless the practical use case, we do not think it is an acceptable and good idea.
For a Rel-15 UE, supporting PUSCH aggregation factor pusch-RepetitionMultiSlots is a mandatory with UE capability feature, actually we do not think that aggregation factor must be configured if similar performance can be achieved by HARQ, especially for DDDSU pattern, there is large delay between two repetitions.

	Intel
	Issue 4-5-1-1: PUSCH aggregation level
Support option 2. We already have tentative agreement for TDD pattern 7D1S2U (i.e. AL 2), for which number of effective repetitions is 2. Therefore, we suggest to configure AL for DDDSU pattern in a way that number of effective repetitions is 2. 
If AL 2 will be configured for pattern DDDSU then number of effective repetitions will be equal to 1 (i.e. no repetitions):
[image: ]
Same time, if AL 8 will be configured then the number of effective repetitions will be equal to 2:
[image: ]
Issue 4-5-2-2: Whether to define requirements for FR2
We think that it is rather important to test MCS Table 3 and PUSCH repetition for FR2 devices, taking into account that theses features are applicable to any FRs (from RAN1 specifications).

	Samsung
	Issue 4-5-1-1: PUSCH aggregation level
We prefer to option 1
Firstly, we wonder whether is a useful case for 15KHz with TDD pattern DDDSU with configured as PUSCH aggregation level with large than 1? 
Regarding with AL=8, since motivation for defining the requirement is for URLLC (with low latency and high reliability ), the transmission delay is large delay considering only 1 available slot for UL
From demodulation performance, AL=8 have the similar performance with AL=2 for FDD, since the RV is same for these two effective transmission occasion 

Issue 4-5-2-2
Based on the objective of this WI, we firstly focus on define the requirement with the Rel-15 URLLC feature, For RAN1 Rel-15 enabled use, the typical cases for evaluation are targeting with carrier  frequency 3GHz and 700Hz.
Therefore, we prefer to define Rel-15 URLLC requirement for typical scenario in FR1, while not to replicate the test cases for eMBB scenario.

	Ericsson
	Issue 4-5-1-1 (PUSCH aggregation level)
For 15kHz, we share the interpretation of Intel. AL8 is configured and this will lead to 2 used UL slots. (Configuring AL2 would lead to no repetitions). The options in the WF are not clear; if we interpret as configuring AL8 leads to 2 repetition then there is no conflict between them.

Issue 4-5-1-2 SCS/CBW
We do not have a strong view. We can understand DoCoMos concern that, sinced URLLC may be for specialist applications there might conceivable be a scenario in which a BS only supports the minimum bandwidth and so it would be good to make a requirement available for this case. Although we don’t in general support the idea of generating additional requirements or simulations, we think in this case the workload is manageable. On the other hand, it would be good to close this issue and we are also OK for option 2 as our view is not strong.

Issue 4-5-2-2 (FR2 requirements):
We do not see a likelihood of ultra-low BLER for FR2. However, URLLC covers more than just ultra-low BLER, and considering the coverage for FR2, we think there can be scenarios where greater reliability in delivery is useful and aggregation may be configured.

------ Update 2020-04-28 -------
Issue 4-5-1-1: Question to Huawei, Samsung, Nokia: If n2 is configured, does that then mean no aggregation ? Is that what you intend, or did I misunderstand something ?

	Nokia, Nokia Shanghai Bell
	Who was the first company to make comments? I.e., company “XXX”?

Issue 4-5-1-1: PUSCH aggregation level
We prefer to first capture the intention here, i.e., everyone agrees on having the same UL slot repeated once (giving 2 transmission in total).
Then we can have it FFS until next meeting, if this behaviour is captured by n2 or n8 of the aggregations factor.
Issue 4-5-1-2: SCS/CBW (15 KHz/10 MHz, 30 KHz/40 MHz have been agreed)
Slight preference for option 2, but no strong opinion. 
We don’t see 5MHz/15kHZ and 10MHz/30kHz, as common use cases for high reliability, due to lack of frequency diversity.
Issue 4-5-2-2: Whether to define requirements for FR2
Slight preference for option 2, but no strong opinion.
FR2 is not a common use case for URLLC communication in our view.
Issue 4-5-2-3: Test applicability rule for FR1 and FR2 (only if FR2 is defined)
If FR2 requirements are defined, manufacturers should be able to declare to only test FR1, since we do not see a practical deployment need for FR2 URLLC.
Issue 4-5-2-4: SCS/BW for FR2 (only if FR2 is defined)
If FR2 requirements are defined, the SCS/CBW combinations should be kept to a minimum.


	NTT DOCOMO
	Issue 4-5-1-1: We prefer Option 2. The motivation of this test is to confirm the functionality of PUSCH aggregation.
Issue 4-5-1-2: We prefer Option 1. We have a strong concern that RAN4 does not support URLLC for 5MHz for 15kHz and 10/15/20/25/30MHz for 30kHz. In our understanding, there is no concern on the number of tests, since only one channel bandwidth will be tested with the similar applicability rule as Rel.15.
Issue 4-5-2-2: We prefer Option 2.
According to the agreed WID, it was explicitly described that the objective is to specify enhancements to URLLC considering both FR1 and FR2, as the follows.
4.1	Objective of SI or Core part WI or Testing part WI
The objective of this work item is to specify enhancements to URLLC (Ultra Reliable Low Latency Communications), considering both FR1 and FR2 as well as TDD and FDD. The objectives follow the recommendations of the study item on physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC), which are described in section 9.2 in TR 38.824. In addition, handling of scenario 1 and scenarios 3 for intra-UE multiplexing is included in the objectives. 

Based on the objective, RAN1 specified enhancements including both FR1 and FR2. To follow the objective, RAN4 should define the performance requirements to verify the URLLC features specified in RAN1 for both FR1 and FR2. Otherwise, URLLC is not available in FR2, even though RAN1 specified URLLC features for FR2 based on the objective.
From high-reliability perspective, Low coding late MCS table and PUSCH aggregation can be configured for both FR1 and FR2 and the requirements should be defined to verify the performance in FR2. 
Issue 4-5-2-4: We prefer Option 2. The reason is similar to our comment for Issue 4-5-1-2.
[DCM-Email]: Regarding WF for BS, we didn’t see the update to reflect our comments, so we updated the WF as the follows::
draft_R4-2005528_Way forward for NR BS URLLC performance requirements v2_DCM.pptx
For CBW, if we need to agree on Option 2 (only 10MHz for 15kHz and 40MHz for 30kHz), please provide the solution to support narrower CBW (i.e., 5MHz for 15kHz, 10,15,20,25,30MHz for 30kHz). Otherwise, Option 2 is not acceptable for us.



WF comments collection
	WF number
	Comments collection

	R4-2005528
Way forward for NR BS URLLC performance requirements
	[DCM-Email]: For WF “draft_R4-2005528_Way forward for NR BS URLLC performance requirements v2.pptx”, we have two comments as below:
Slide 3 and 7:
We need to remove “only” from the 1st round agreement for CBW/SCS since we are still discussing whether to introduce other CBW.
· Agreements:
· PUSCH aggregation factor
· n2 for TDD 30 kHz SCS with TDD pattern 7DS2U.
· Number of PRBs: Full bandwidth.
· Test applicability for different SCS and channel bandwidth: 
· Reuse the test applicability rules defined for NR Rel-15 PUSCH performance requirements
· Not define requirements with DFT-s-OFDM
· SCS/CBW: Only 15 KHz/10 MHz, 30 KHz/40 MHz

· Agreements:
· MCS: MCS 5 from Table 3
· Number of PRB: Full bandwidth for MCS5
· Not introduce performance requirements for DFT-s-OFDM
· Test applicability for different SCS and channel bandwidth: 
· Reuse the test applicability rules defined for NR Rel-15 PUSCH performance requirements
· SCS/CBW: Only 15 KHz/10 MHz, 30 KHz/40 MHz 

Slide 4 and 8:
Regarding SCS/CBW, we disagree Option 2 (Only 15 KHz/10 MHz, 30 KHz/40 MHz) from the reason we commented in the summary document.Company A

	
	Company B

	
	



Summary on 2nd round
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	R4-2005528
Way forward for NR BS URLLC performance requirements
	Agreeable




Topic #5: BS demodulation requirements for low latency
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2004919

	Samsung

	Observation 1: Mini-slot repetition with 4OS is the typical scenario in RAN1 discussion to supporting dynamic switch between mini-slot repetition and multi-segments
Proposal 7: Non-slot scheduling with 4 symbols can be considered for the lower latency requirement. 
Proposal 8: Deprioritize the latency requirement with DFT-s-OFDM waveform for NR URLLC
Proposal 9: Reuse the normal PUSCH test metric with 70% throughput for URLLC latency requirement
Proposal 10: Deprioritize FR2 requirement for URLLC low latency requirement, if RAN4 agreed to introduce FR2 requirement for URLLC low latency, the test applicability for FR1 and FR2 requirement should be defined with only one of them chosen to test with BS declaration. 
Observation 2: With 2 PUSCH aggregation level combined HARQ transmission can achieve the comparable performance with 8 PUSCH aggregation level without combined HARQ transmission, and better than 4 aggregation level.
Observation 3: From the target SNR value with 70%TP perspective, there is no significant difference with configured 2, 4 and 7 OS for PUSCH mini-slot transmission

	R4-2003183

	Intel Corporation

	Proposal 2: Use the following parameters for FR1 PUSCH mapping type B requirements:
· Waveform: Only CP-OFDM
· Symbol length: 2os or 4os
· MCS: MCS 5 from Table 3
· Number of PRBs: Full bandwidth
· Test metrics: 70% throughput
Proposal 3: Define PUSCH FR2 URLLC requirements to verify the following functionality: “Low SE” MCS table, slot-aggregation and PUSCH mapping Type B with small duration.
Proposal 4: Define PUSCH FR2 URLLC requirements only for 60kHz/50MHz and 120kHz/100MHz.

	R4-2003631

	NTT DOCOMO, INC.

	Proposal 11: For low-latency tests, introduce requirements for FR2.
Proposal 12: For non-slot based PUSCH, adopt 2 or/and 4 as symbol length assumption.
Proposal 13: Define low-latency requirements with the following channel bandwidth.
· 15kHz SCS (FR1): Full bandwidth for 5/10MHz
· 30kHz SCS (FR1): Full bandwidth for 10/40MHz
· 60kHz SCS (FR2): Full bandwidth for 50/100MHz
· 120kHz SCS (FR2): Full bandwidth for 50/100MHz
Proposal 14: For low-latency requirements, introduce DFT-s-OFDM for both FR1 and FR2 with only minimum channel bandwidth.

	R4-2003684

	Huawei, HiSilicon

	Proposal 1: No need to define URLLC BS FR2 performance requirements for low latency.
Proposal 2: We propose symbol length of 2, MCS 5 from table 3 and full bandwidth frequency allocation for URLLC BS performance requirements for low latency. 
Proposal 3: We propose to use 70% throughput as the test metrics.
Proposal 4: No need to define requirements for DFT-s-OFDM.

	R4-2003844

	Ericsson

	Proposal 1: Define requirements for 2os and 7os
Proposal 2: For 2os only one DM-RS should be configured. 
Proposal 3: For 7os one or two DM-RS could be configured; i.e. 1+1 or else requirements for both 1+0 and 1+1 are defined with an applicability rule.
Proposal 4: Define requirements for MCS5 and MCS21
Proposal 5: For MCS5, allocate 52RB for the 15k SCS and 106RB for the 30k SCS. For MCS21, allocate 15RB for the 15k SCS and 31RB for the 30k SCS
Proposal 6: Throughput metric is 10% BLER

	R4-2003845

	Ericsson

	Proposal 2: Create BS and UE performance requirements for slot aggregation and PDSCH/PUSCH mapping type B for FR2.

	R4-2003901

	Nokia, Nokia Shanghai Bell

	Proposal 9: RAN4 to not include further SCS and CBW combinations in FR1.
Observation 5: We have a slight preference against the introduction of FR2 URLLC low latency test cases, as such requirements won’t test the performance of any particular URLLC related FR2 features. The Rel-15 FR2 PUSCH performance requirements are sufficient.
Proposal 10: RAN4 to choose 5 or 7 as length of the TDRA.
Proposal 11: Choose DM-RS configuration 1+1, when TDRA length of >=5 in type B mapping and when TDRA length of 7=5 in type A mapping.
Proposal 12: RAN4 to prioritise MCS 5 from table 3 (low spectral efficiency table). Higher MCSs can be included, if enough interest is observed, but as a secondary priority. 
Observation 6: Full channel bandwidth PRB allocation represents the worst case for URLLC, but payloads are expected to be small for low latency operation, hence a small fixed number of PRBs is also justifiable.
Observation 7: Setting a higher BLER target, reduces the average latency in test.
Proposal 13: Chose test metric 90% TPUT for low latency requirements.
Proposal 14: RAN4 to not have low latency test requirements for DFT-s-OFDM.



Open issues summary
In this section, the parameters for defining the requriements of URLLC PUSCH mapping Type B wil be discussed.
From the approved WF R4-2002429 in RAN4 #94 e-meeting, following were agreed:
Agreements:
· Starting symbol: 0
· PUSCH aggregation level is 1.
· TDD pattern: 
· 15kHz SCS: 3D1S1U, S=10D: 2G: 2U
· 30kHz SCS: 7D1S2U, S=6D: 4G: 4U 
· Antenna configuration: 1x2, low
· Waveform: CP-OFDM
· Channel condition: TDLC300-100 Low for FR1.
· No PUSCH performance requirements for UL transmission with grant free/UL configured grant.
· Number of HARQ transmission: 1
· SCS/BW:
· 15 kHz/10 MHz and 30 kHz/40 MHz with defined test applicability rule
· Other sets are not precluded
Open issues:
·  Symbol length (L) 
· Option 1: 4os 
· Option 2: 2os 
· Option 4: 7os 
· Option 5: 2os and 7os  
· DM-RS configuration Type 1 with single symbol
· Proposals for symbol lengths of 7os if agreed
· Option 1:1+0 
· Option 2: 1+1 
· MCS
· Option 1: MCS 5 from Table 3 
· Option 2: MCS 21 (658/1024) from Table 2 
· Number of PRB 
· Option 1: full bandwidth 
· Option 2: A fixed number of RB 
· Test metrics
· Option 1: 70% throughput 
· Option 2: 10% BLER (= 90% throughput) 
·  Whether to introduce DFT-s-OFDM: 
· Option 1: No 
· Option 2: Yes 
· Whether to define requirements for BS FR2 URLLC performance requirements for low latency
· Option 1: Do not define  
· Option 2: Define

Sub-topic 2-1: BS demodulation requirements for low latency
In this sub-topic, parameters of FR1 for PUSCH mapping Type B will be discussed.
Open issues and candidate options before e-meeting:
Issue 5-1-1: Symbol length
· Proposals
· Option 1: 2os (Intel, DoCoMo)
· Option 2: 4os (Samsung, Intel, DoCoMo, Huawei)
· Option 3: 2os and 4os (DoCoMo)
· Option 4: 2os and 7os (Ericsson, Nokia)
· Recommended WF
Based on the 1st round discussion, 2os has payload of 15 bytes that is smaller than the minimum payload size 32 bytes of URLLC, we remove 2os and leave 4os and 7os for further discussion.
· Option 1: 4os (Samsung, Intel, DoCoMo, Huawei)
· Option 2: 7os (Ericsson, Nokia)
· Option 3: 2os if >[20] bytes of payload with agreed MCS

Issue 5-1-2: DM-RS (only for 7os)
· Proposals
· Option 1: 1+1 (Ericsson, Nokia)
· Recommended WF
· TBA

Issue 5-1-3: SCS/CBW (15 KHz/10 MHz, 30 KHz/40 MHz have been agreed)
· Proposals
· Option 1: 15 KHz for 5/10 MHz, 30 KHz for 10/40 MHz (DoCoMo)
· Option 2: Only 15 KHz/10 MHz, 30 KHz/40 MHz (Huawei, Nokia, Samsung, Intel, Ericsson)
· Option 3: 
· Recommended WF
·  Continue to discuss in the 2nd round.

Issue 5-1-4: MCS
· Proposals
· Option 1: MCS 5 from Table 3 (Huawei, Intel, Nokia 1st priority, Samsung, Ericsson)
· Option 2: FFS MCS 21 (Ericsson, Nokia 2nd priority)
· Recommended WF
· Agree [MCS5], FFS MCS21, FFS whether to define only 1 or 2 MCS

[bookmark: _Hlk38400853]Issue 5-1-5: Number of PRB for MCS 5
· Proposals
· Option 1: Full bandwidth (Huawei, Intel, Ericsson, Samsung, Nokia)
· Recommended WF
· Agree on option 1

Issue 5-1-6: Number of PRB for MCS 21 (only if MCS 21 is agreed)
· Proposals
· Option 1: 15RB for 15KHz, 31RB for 30KHz (Ericsson)
· Option 2: 
· Recommended WF
· TBA

Issue 5-1-7: Test metrics
· Proposals
· Option 1: 70% throughput (Samsung, Huawei, Intel)
· Option 2: 90% throughput (Nokia)
· Option 3: 70% successful delivery (Ericsson)
· Option 4: 30% BLER (Ericsson)
Note: Discuss whether to word as throughput, BLER, success rate or something similar.

· Recommended WF
· TBA

Issue 5-1-8: Whether to introduce DFT-s-OFDM
· Proposals
· Option 1: No (Huawei, Samsung, Intel, Nokia)
· Option 2: Yes (DoCoMo)
· Recommended WF
· To move forward, is it acceptable to use Option 1 by following majority’s view?

Issue 5-1-9: Test applicability for different subcarrier spacing and channel bandwidth
· Proposals
· Option 1: 
· Recommended WF
· Reuse the existing test applicability rules defined for NR Rel-15 PUSCH performance requirements (Nokia, Huawei)

Sub-topic 2-2: Others
In this section, the open issues relate to the FR2 will be discussed.
Open issues and candidate options before e-meeting:
Issue 5-2-1: Whether to define requirements for FR2
· Proposals
· Option 1: No (Huawei, Samsung, Nokia)
· Option 2: Yes (DoCoMo, Intel, Ericsson)
· Recommended WF
· TBA
Issue 5-2-2: Test applicability rule for FR1 and FR2 (only if FR2 is agreed)
· Proposals
· Option 1: Only FR1 or FR2 will be tested based on BS declaration (Samsung)
· Option 2: Both FR1 and FR2 should be tested for BS that supports both FR1 and FR2. (DoCoMo)
· Recommended WF
· TBA
Issue 5-2-3: SCS/CBW for FR2 (only if FR2 is agreed)
· Proposals
· 60 KHz:
· Option 1: 50 MHz (Intel, Samsung)
· Option 2: 50 MHz and 100 MHz (DoCoMo)
· 120 KHz
· Option 1: 100 MHz (Intel, Samsung)
· Option 2: 50 MHz and 100 MHz (DoCoMo)
· Recommended WF
· TBA

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXX
	Sub topic 2-1: 
Sub topic 2-2:
….
Others:

	Ericsson
	Issue 5-1-2: We’re OK with options 1 and 2, but our preference is option 1 as the additional benefit of defining 1+0 is low in our view since we expect all BS will provide 1+1.
Issue 5-1-3: We can consider option 1 as long as there is an applicability rule so only one bandwidth is tested.
Issue 5-1-4: To be clear about the motivation for MCS21, it is not about maximizing throughput; we think that the number of RBs should be adjusted such that the throughput is the same in both cases. We believe that where good SNR is available, the BS would utilize the SNR by using fewer RBs, so that the spare RBs could be allocated to other users, so the MCS is relevant also for the URLLC and low latency.
Issue 5-1-7: Since we are not targeting throughput and there are no retransmsisions, we think that it would be better to express the requirement as “30% BLER” or “10% BLER”. Then we have a slight preference for 10% BLER (actually in real applications the BLER would need to be somewhat lower than 10% for low latency scenarios).
Issue 5-2-1: We think that reduced number of symbols is applicable to FR2 URLLC because with fixed transport block size, utilizing the whole bandwidth (as needed when doing analogue beamforming) for the whole slot may be a resource wastage.

---- Update 2020-04-22 ----
Issue 5-1-4: In our understanding, high SNR is auite possible/likely for low latency as well as low SNR. Performance requirements should enable optimization of performance in all conditions. The MCS5 will already be tested with the aggregation requirement. The MCS21 is more demanding (but very feasible, as shown in our simulations), and the requirement should test the more demanding case. We do not follow why we would include only the low SNR case.
To make progress, we suggest the following:
Agree [MCS5] in square brackets and FFS for MCS21. Agree that if MCS21 agreed, then it could be in addition to or alternatively instead of MCS5.

	Samsung
	Issue 5-1-1
We prefer option 2 with 4 OS.
Option 1 is not a useful case for URLLC scenario. Based on TR 38.824, the represented use case for URLLC evaluation, the data payload sizes are different from 32 bytes to 10K bytes for Uplink
For 2OS, only 1 symbol is available for data transmission. RAN4 has agreed to introduce the 15KHz SCS with 10MHz CBW for requirement. Thus, the total bits after encoding is around with 1248. As agreed, MCS 5 (coding rate is 1/10) within LowSE is selected as one option for low latency requirement, Thus, the information bits is 124, around 15bytes, less than the use cases with 32 bytes

Again, only 1 DMRS symbol is available for 2OS and 4OS. 4OS is more appropriate to verify the behavior of channel estimation algorithm as pressure test, specifically with high Doppler value. 
Meanwhile, mini-slot repetition with 4OS is the typical scenario in RAN1 discussion to supporting dynamic switch between mini-slot repetition and multi-segments. Additional, 4OS is the typical configuration for the evaluation for Rel-15 enable use case in RAN1.
We should define the requirement with typical scenario to align with RAN1 Rel-16 URLLC discussion with 4OS.
With regarding 7 OS, in current Rel-15 BS demod requirement, RAN4 has already defined with 10 symbols requirement with type B. In terms for performance, we do not think the performance will be too much different. Meanwhile, 2 DMRS symbols can be configured within 7 OS. 
We are also fine with 7OS, while from verifying the channel estimation perspective, 4 OS is more appropriate for pressure test.

Issue 5-1-2
As our preferred with 4 OS, only 1 DMRS is allowed

Issue 5-1-3
We prefer to only consider with 15KHz/10MHz and 30KHz/40MHz, to reduce the test effort

Issue 5-1-4
We prefer option1 with MCS5. MCS 21 is already covered in the eMBB test. Since Low SE MCS table is main feature with Rel-15 URLLC, where MCS5 has the highest coding rate compared with the MCS table for eMBB, it is essential to define the requirement

Issue 5-1-5
We prefer option 1 with full bandwidth. As mentioned, the data packet size with representative use case is at least 32 bytes for URLLC, small number of PRB cannot meet the URLLC scenario.

Issue 5-1-6
We prefer test with MCS5 for Low SE table, as mentioned, low SE MCS table is main feature with Rel-15 URLLC.

Issue 5-1-7
We prefer option 1, and also fine with option 2 
Regarding test metric, it is agreed that no combined performance requirements will be defined by meeting both reliability and low latency requirements. Since low BLER metric is already used for requirement of high reliability. We prefer to reuse normal PUSCH test metric with 70% TP to compact on the test.
As agreed there is no HARQ transmission for lower latency requirement, therefore, to guarantee a certain reliability for URLLC scenario may be necessary.

Issue 5-1-8
We prefer option1 not to define the requirement with DFT-s-OFDM waveform. As mentioned, the motivation is to define the low latency requirement, from the complexity and implementation respective, additional FFT operation will result in the increasing of process delay
Meanwhile, from demodulation performance perspective, the performance difference is minor compared with CP-OFDM waveform.

Issue 5-2-1
We prefer option 1 not to define requirement of FR2. The current URLLC requirement is prioritized with Rel-15 URLLC RAN1 feature. Based on TS 38.824, all the evaluation for Rel-15 enable use case in RAN1 are targeting carrier frequency with 4GHz and FDD, or 700MHz and FDD. 
In that sense, the typical Rel-15 URLLC scenario is FR1. We should define the requirements based on the typical scenario for URLLC, while not to duplicate the requirements specified for eMBB scenario.
Issue 5-2-2
As mentioned in Issue 5-2-1, FR2 is not typical use scenario for URLLC in RAN1 evaluation. We think we should focus on typical scenario for URLLC 
If FR2 is agreed, the test applicability for FR1 and FR2 requirement should be defined, only one of them chosen to test based on BS declaration.

Issue 5-2-3
As mentioned in Issue 5-2-1, FR2 is not typical use scenario for URLLC in RAN1 evaluation. We think we should focus on typical scenario for URLLC
If FR2 is agreed, we prefer option 1. 


	Huawei
	Issue 5-1-4:
To Ericsson:
The same with UE side, for every feature the BS can have a low SNR or a high SNR. We do not need to consider all the possible cases with different environments. 

We propose to add an issues with the applicability rule for different subcarrier spacing. 

Issue 5-2-1:
We prefer option 1. FR2 is not the common use case for URLLC. We have already provided a lot of references in R4-2003683 to show that the carrier frequencies of 4 GHz and 700 MHz are used for URLLC use cases which include electrical power distribution, factory automation, Rel-15 enabled use case and transport industry. We should focus on the FR1 at this stage and deprioritize FR2.

Updated on 22nd :
Issue 5-1-1:
We change our option to 4os. As Samsung mentioned above and we were also calculated in R4-2003684, the payload with 2os for 15KHz/10MHz is only around 15 bytes. So we think all the options conclude 2os are not feasible.
As Rel-15 has already defined the mapping Type B with 10os, this is no necessary to define 7os.

	Intel
	Issue 5-1-3: SCS/CBW
Support Option 2.
Issue 5-1-4: MCS
We think that single MCS value is sufficient from test coverage point of view.

	Nokia, Nokia Shanghai Bell
	Issue 5-1-1: Symbol length
Observing the contributions submitted to this meeting, we see that our proposal of “5” is not shared with others, and “2”/”4” is more common.
In this case we will lose the second DM-RS possibility in any case, hence we should directly go to 2 symbols to reap the latency advantages of the shortest practically possible (single DM-RS) TDRA.
We would still like to keep “7” symbol TDRA, as well, to cover the two DM-RS use case.
Issue 5-1-2: DM-RS (only for 7os)
DM-RS seems to now be the only remaining option.
Issue 5-1-3: SCS/CBW (15 KHz/10 MHz, 30 KHz/40 MHz have been agreed)
For the same reasons as in high reliability, we prefer to not introduce the smallest CBW requirements.
Issue 5-1-4: MCS
For 2 symbol TDRA (with one symbol taken by DM-RS) it might be necessary to use MCS21 to satisfy the payload requirements. MCS5 can be agreed right now, and MCS21 can be FFS.
Issue 5-1-5: Number of PRB for MCS 5
We can agree to “full bandwidth”, the cautionary observation from Nokia’s discussion paper represents a small request for study.
Issue 5-1-6: Number of PRB for MCS 21 (only if MCS 21 is agreed)
We will comment after MCS21 is agreed.
Issue 5-1-7: Test metrics
Setting a higher BLER target, reduces the average latency in test, due to reduced re-transmissions. This is closer to the real use case of low latency.
Hence we propose (at least) 90% TPUT/10% BLER.
Issue 5-1-8: Whether to introduce DFT-s-OFDM
CP-OFDM as a baseline is sufficient for minimum performance requirements.
Issue 5-1-9: Test applicability for different subcarrier spacing and channel bandwidth
Agree with recommended WF.

	NTT DOCOMO
	Issue 5-1-3: We prefer Option 1. If Option 2 is agreed, no test will be applied for BS that declares support for 5MHz with 15kHz SCS or 10/15/20/25/30MHz with 30kHz as a maximum channel bandwidth. It means that RAN4 does not support URLLC requirements for BS with channel bandwidth less than 10MHz for 15k SCS or 40-MHz for 30k SCS. In our understanding, to support any channel bandwidth as a maximum channel bandwidth, at least requirements for minimum channel bandwidth should be defined. In addition, similar applicability rule as Rel.15 can be considered for URLLC requirements.
Issue 5-1-8: We prefer Option 2. Applicability rule that test either one according to the declaration (i.e., CP-OFDM or DFT-s-OFDM) can be introduced. Note that the number of test does not increase..
Issue 5-2-1: We support Option 2. In our views, some URLLC features are FR agnostic features and available in both FR1 and FR2. To verify the performance and functionality of URLLC features in FR2, the requirements for FR2 should be defined.
Issue 5-2-2: Both FR1 and FR2 should be tested for BS that supports both FR1 and FR2. This applicability rule is the same as Rel.15. We don’t need to change the applicability rule from Rel.15.
Issue 5-2-3: We prefer Option 2. For 120kHz SCS, if Option 1 is agreed, no test will be applied for BS that declares support for 50MHz with 120kHz SCS as a maximum channel bandwidth. In our understanding, to allow BS support any channel bandwidth as a maximum channel bandwidth, requirements for minimum channel bandwidth should be defined. In addition, similar applicability rule as Rel.15 can be considered for URLLC requirements.


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
BS demodulation requirements for low latency:
· MCS: MCS 5 from Table 3, FFS MCS21, FFS whether 1 or 2 MCS would be defined
· Number of PRB: Full bandwidth for MCS5
· Not introduce performance requirements for DFT-s-OFDM
· Test applicability for different SCS and channel bandwidth: 
· Reuse the test applicability rules defined for NR Rel-15 PUSCH performance requirements

Candidate options:
Recommendations for 2nd round:
BS demodulation requirements for low latency:
· Symbol length
· Option 1: 4os (Samsung, Intel, DoCoMo, Huawei)
· Option 2: 7os (Ericsson, Nokia)
· Option 3: 2os if >[20] bytes of payload with agreed MCS (Nokia)
· SCS/CBW
· Option 1: 15 KHz for 5/10 MHz, 30 KHz for 10/40 MHz (DoCoMo)
· Option 2: Only 15 KHz/10 MHz, 30 KHz/40 MHz (Huawei, Nokia, Samsung, Intel, Ericsson)
· MCS: [MCS5], FFS MCS21, FFS 1 or 2 MCS would be defined
· Number of PRB for MCS5: Full bandwidth
· Number of PRB for MCS21, if MCS21 agreed: FFS
· Test metrics
· Option 1: 70% throughput (Samsung, Huawei, Intel)
· Option 2: 90% throughput (Ericsson, Nokia)
· Note: Wording should be further discussed (10/30% BLER, or 70/90% successful delivery rate)

Others:
· Whether to define requirements for FR2
· Option 1: No (Huawei, Samsung, Nokia)
· Option 2: Yes (DoCoMo, Intel, Ericsson)
· Test applicability rule for FR1 and FR2 (only if FR2 is agreed)
· Option 1: Only FR1 or FR2 will be tested based on BS declaration (Samsung)
· Option 2: Both FR1 and FR2 should be tested for BS that supports both FR1 and FR2. (DoCoMo)
· CS/CBW for FR2 (only if FR2 is agreed)




Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	All related agreements are to be captured in WF R4-2005528 discussed in section 4.6.2
	



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round
Sub-topic 5-5-1: BS demodulation requirements for low latency
Issue 5-5-1-1: Symbol length
· Proposals
· Option 1: 4os (Samsung, Intel, DoCoMo, Huawei)
· Option 2: 7os (Ericsson, Nokia)
· Option 3: 2os if >[20] bytes of payload with agreed MCS (Nokia)
· Recommended WF
· Is it acceptable to remove Option 3?

Issue 5-5-1-2: DM-RS (only for 7os)
· Proposals
· Option 1: 1+1 (Ericsson, Nokia)
· Recommended WF
· TBA

Issue 5-5-1-3: SCS/CBW (15 KHz/10 MHz, 30 KHz/40 MHz have been agreed)
· Proposals
· Option 1: 15 KHz for 5/10 MHz, 30 KHz for 10/40 MHz (DoCoMo)
· Option 2: Only 15 KHz/10 MHz, 30 KHz/40 MHz (Huawei, Nokia, Samsung, Intel, Ericsson)
· Recommended WF

Issue 5-5-1-4: MCS
· Proposals
· Option 1: Only MCS 5 from Table 3 (Huawei, Intel, Nokia 1st priority, Samsung, Ericsson)
· Option 2: MCS 5 and/or MCS 21 (Ericsson, Nokia 2nd priority)
· Recommended WF
· Agree on option 1

Issue 5-5-1-5: Number of PRB for MCS 21 (if MCS 21 is agreed)
· Proposals
· Option 1: 15RB for 15KHz, 31RB for 30KHz (Ericsson)
· Option 2: 
· Recommended WF
· TBA

Issue 5-5-1-6: Test metrics
· Proposals
· Option 1: 70% throughput (Samsung, Huawei, Intel)
· Option 2: 90% throughput (Nokia)
· Option 3: 70% successful delivery (Ericsson)
· Option 24: 30% BLER (Ericsson, Nokia)
Note: Discuss whether to word as throughput, BLER, success rate or something similar.
· Recommended WF
· Just for information: from RAN4 previous discussions, usually test metric of throughput (Mbps) is used for data channel.
· Considering no HARQ retransmission, from simulation point of view, Option 1 and Option 2 are same, just the wording difference, not sure if company has very strong preference on Option 1 and Option 2.
· TBA

Sub-topic 5-5-2: Others
In this section, the open issues relate to the FR2 will be discussed.
Open issues and candidate options before e-meeting:
Issue 5-5-2-1: Whether to define requirements for FR2
· Proposals
· Option 1: No (Huawei, Samsung, Nokia)
· Option 2: Yes (DoCoMo, Intel, Ericsson)
· Recommended WF
· TBA
Issue 5-5-2-2: Test applicability rule for FR1 and FR2 (only if FR2 is agreed)
· Proposals
· Option 1: Only FR1 or FR2 will be tested based on BS declaration (Samsung)
· Option 2: Both FR1 and FR2 should be tested for BS that supports both FR1 and FR2. (DoCoMo)
· Option 3: Which tests related to FR1 and FR2 to be tested is based on BS declaration: [FR1], [FR2], [FR1&FR2]
· Recommended WF
· TBA
Issue 5-5-2-3: SCS/CBW for FR2 (only if FR2 is agreed)
· Proposals
· 60 KHz:
· Option 1: 50 MHz (Intel, Samsung)
· Option 2: 50 MHz and 100 MHz (DoCoMo)
· 120 KHz
· Option 1: 100 MHz (Intel, Samsung)
· Option 2: 50 MHz and 100 MHz (DoCoMo)
· Recommended WF
· TBA

Companies views’ collection for 2nd round 
	Company
	Comments

	Huawei
	Sub-topic 5-5-1: BS demodulation requirements for low latency
Issue 5-5-1-1: Symbol length
We prefer to only define 4os. 10os has been defined in Rel-15, the performance of 7os is similar with 10os. 

Issue 5-5-1-4: MCS
We prefer option 1. MCS5 from Table 3 is designed for URLLC and no need to consider all the possible environment. 

Sub-topic 5-5-2: Others
Issue 5-5-2-1: Whether to define requirements for FR2
We prefer not define FR2 requirements as there are no URLLC use cases at current stage.

Issue 5-5-1-4 MCS:
To Ericsson:
We have checked Ericsson’s contribution R4-2003844, the number of RBs for MCS5,11,21 was calculated:
[image: ]
According to the coding rate, these three MCS values are from Table 1. But the modulation order of MCS21 should be 64QAM. Thus, the number of RB should be 11 RBs for 15 kHz/10 MHz and 22 RBs for 30 kHz/ 40 MHz.
In this test case, the discussed MCS5 is from Table 3. If MCS 21 is also from Table 3, the number of RB is:
MCS5 from Table 3: 99/1024, QPSK. 52 RBs for 15 kHz/10 MHz, 106 RB for 30 kHz/ 40 MHz
MCS21 from Table 3: 438/1024, 64QAM. 4 RBs for 15 kHz/10 MHz, 8 RB for 30 kHz/ 40 MHz
The number of RB is too small with MCS21, could Ericsson double check these?

	Intel
	Issue 5-5-2-1: Whether to define requirements for FR2
We think it is rather important to test PUSCH mapping type B with small duration for FR2 devices, taking into account that this feature is applicable to any FRs (based on RAN1 specifications)

	Samsung
	Issue 5-5-1-1: Symbol length
We prefer to define 4OS, as mentioned, 2 OS is not a useful case for URLLC with 32 byte payload.
Again, 4OS is a typical length in RAN1 discussion for mini-slot repetition scheme.
Issue 5-5-1-4: MCS
We prefer to option1, as mentioned, the motivation for URLLC is high reliability. RAN1 has designed with Low SE MCS table to improve the reliability with low code rate to achieve the coding gain. I do not think MCS 21 is the typical scenario for reliability. If the targeting is to improve the throughput, we are fine with lager MCS value.
Issue 5-5-1-6: Test metrics
Either option 1 or option 2 is fine for us, as agreed, for lower latency requirement, we can only use the BLER or TP for test metric. Since we have used with 1% BLER for high reliability requirement, to compact the test case, we prefer to use TP as test metric. Since there is no re-transmission, 90 TP is also fine for us
Regarding option 3, can company provide details how to understanding successful delivery? How to derive the SNR for targeting 70% successful delivery?

Issue 5-5-2-1: Whether to define requirements for FR2
We prefer to option1
Based on the objective of this WI, we firstly focus on define the requirement with the Rel-15 URLLC feature, For RAN1 Rel-15 enabled use, the typical cases for evaluation are targeting with carrier  frequency 3GHz and 700Hz.
Therefore, we prefer to define Rel-15 URLLC requirement for typical scenario in FR1, while not to replicate the test cases for eMBB scenario.

	Ericsson
	Issue 5-5-1-3 Number of bandwidths
We have the same comment here as for the reliability requirement. In our view, we should align the conclusion for this issue between the reliability requirement, the latency requirement and the ultra-low BLER test.

Issue 5-5-1-4 MCS
The reliability requirement is focussed on low SNR/throughput, but for the low latency requirement, a UE being served with low latency may be in either low or high SNR conditions. From a demodulation point of view, the high SNR condition is actually the more stringent, so if we would downselect to one MCS, it would make more sense to consider the high MCS. Operating a network so that it always transmits low MCS even to UEs with good conditions (instead of using high MCS and fewer RBs) does not really make sense.

Issue 5-5-1-6 Test metrics:
To clarify our preference – we prefer most to call the metric 10% BLER or 90% successful delivery. We can compromise to 30% BLER (or 30% successful delivery). The reason to avoid writing the metric so that it sounds like throughput is that in this case we are not targeting throughput in the same way as EMBB; we are actually targeting how many data packets are delivered successfully within the latency criterion.
To Samsung: “70% successful delivery” is meant to express that 70% of the data packets are delivered to the gNB within the latency criterion. We do not have a strong opinion to use that term though; BLER is fine or maybe others have some good ideas. The intention with avoiding “x% throughput” is that it gives the impression that the target is throughput like eMBB, which is not the case here.
Note that (to be clear) 90% throughput == 90% successful delivery == 10% BLER and
70% throughput == 70% successful delivery == 30% BLER
i.e. we are not proposing any new metric; just wording it in a way that avoids confusion with the goal of eMBB (where the goal is to achieve throughput but not a strict latency criterion)

Issue 5-5-2 (FR2):
We do not think that FR2 will be used for extreme BLER. However operating services delivering fixed block sizes with some level of need for reliability and latency is reasonable. Using a whole slot for a limited size data block would be a resource wastage. FR2 requirements were already defined for mapping type B and 10 slots; what would be relevant is to define a requirement that uses fewer slots and hence only one DM-RS.

To Huawei:
Yes you are right in your analysis. Actually we had assumed MCS table 1 for the low latency requirement and that MCS table 3 is used for the reliability requirement. Also, we mistakenly took MCS21 from the wrong table (PUSCH table 2). I have double checked and actually we agreed to consider MCS5 from table 3 last meeting also for low latency, so you are right that it is actually 99/1024. Our reason for assuming that the MCS was not from the low SE table was that 99/1024 would lead to a very small TBS for 2os length.
So… if we do not consider 2os then MCS 5 from table 3 is OK and is already agreed anyhow. With table 3, indeed MCS21 leads to 4 RB if we keep the same transport block size, which is too few RB. The largest MCS with 12-15RB is still QPSK, and we do not see any need to set 2 requirements for QPSK. With 16QAM, if there are 4 or more symbols and 12-15 RB then the transport block size becomes larger than we would expect for URLLC.
So if we agree to remove 2os as an option then we are OK to go with MCS5. (Presumably this is what Nokia referred to too).


	Nokia, Nokia Shanghai Bell
	Issue 5-5-1-1: Symbol length
4 symobls is the worst case scenario to us. It is the longest TDRA with only one DM-RS symbol possible, so it should not be chosen for low latency, and with only one more symbol we could have two DM-RS so it should also not be chosen for high reliability.
Please do not follow questionable “traditions” from RAN1. RAN1 seems to ignore the practical use cases. RAN1 seems to have chosen the worst case, we should go for a practical case.
Issue 5-5-1-2: DM-RS (only for 7os)
Only one remaining option.
Issue 5-5-1-3: SCS/CBW (15 KHz/10 MHz, 30 KHz/40 MHz have been agreed)
No further comments.
Issue 5-5-1-4: MCS
MCS5 can be agreed right now, and MCS21 can be FFS.
Issue 5-5-1-5: Number of PRB for MCS 21 (if MCS 21 is agreed)
Agree with option 1.
Issue 5-5-1-6: Test metrics
We prefer to call the metric BLER. The conversion between BLER and TPUT should now be clear to everyone.
Furthermore, we prefer to have 10% BLER, but can compromise to 30%BLER, if companies bring an argument that this level of retransmission is acceptable in low latency communication.
Issue 5-5-2-1: Whether to define requirements for FR2
No further comments.
Issue 5-5-2-2: Test applicability rule for FR1 and FR2 (only if FR2 is agreed)
If FR2 requirements are defined, manufacturers should be able to declare to only test FR1, since we do not see a practical deployment need for FR2 URLLC.
Issue 5-5-2-3: SCS/CBW for FR2 (only if FR2 is agreed)
If FR2 requirements are defined, the SCS/CBW combinations should be kept to a minimum.

	NTT DOCOMO
	Issue 5-1-3: We prefer Option 1. We have a strong concern that RAN4 does not support URLLC for 5MHz for 15kHz and 10/15/20/25/30MHz for 30kHz. In our understanding, there is no concern on the number of tests, since only one channel bandwidth will be tested with the similar applicability rule as Rel.15.
Issue 5-5-2-1: We prefer Option 2.
According to the agreed WID, it was explicitly described that the objective is to specify enhancements to URLLC considering both FR1 and FR2, as the follows.
4.1	Objective of SI or Core part WI or Testing part WI
The objective of this work item is to specify enhancements to URLLC (Ultra Reliable Low Latency Communications), considering both FR1 and FR2 as well as TDD and FDD. The objectives follow the recommendations of the study item on physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC), which are described in section 9.2 in TR 38.824. In addition, handling of scenario 1 and scenarios 3 for intra-UE multiplexing is included in the objectives. 

Based on the objective, RAN1 specified enhancements including both FR1 and FR2. To follow the objective, RAN4 should define the performance requirements to verify the URLLC features specified in RAN1 for both FR1 and FR2. Otherwise, URLLC is not available in FR2, even though RAN1 specified URLLC features for FR2 based on the objective.
From low-latency perspective, PUSCH mapping type B can be configured for both FR1 and FR2 and the requirements should be defined to verify performance in FR2. In addition, FR2 has the advantage of low-latency since a symbol size is smaller than FR1.
Issue 5-5-2-3: To allow BS to support any channel bandwidth for URLLC, we prefer Option 2.
[DCM-Email]: Regarding WF for BS, we didn’t see the update to reflect our comments, so we updated the WF as the follows::
draft_R4-2005528_Way forward for NR BS URLLC performance requirements v2_DCM.pptx
For CBW, if we need to agree on Option 2 (only 10MHz for 15kHz and 40MHz for 30kHz), please provide the solution to support narrower CBW (i.e., 5MHz for 15kHz, 10,15,20,25,30MHz for 30kHz). Otherwise, Option 2 is not acceptable for us.



Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
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* MCS5 (379/1024 QPSK) with 10MHz/15k SCS/52 RB and 40MHz/30k SCS/106RB«
* MCS11 (378/1024, 16QAM) with 10MHz/15k SCS/26 RB and 40MHz/30k SCS/53 RB«
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