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Introduction
The URLLC performance discussion is split into two parts; a discussion on a test at ultra-low BLER and a discussion on BS and UE demodulation. This thread treats the ultra-low BLER requirement/test.
At RAN4#94-e, a Way Forward was agreed in [R4-2002422], in which many (but not all) parameters for the ultra-low BLER test was agreed. Concerning the testability, it was agreed to investigate the need and description for a parameter X added to the test SNR that would if needed reduce test time by increasing the amount of early pass devices. Whether X should exist, what value it would take and where it would be captured was not resolved. Finally, there was some brief discussion on whether to create an ultra-low BLER test for FR2 and whether to create an ultra-low BLER CQI test, which was not concluded.
The e-mail discussion is split into three main topic areas:
· Topic 1 discusses and aims to resolve the outstanding parameters for FR1
· Topic 2 discusses issues surrounding the testability including the X parameter and how many requirements and tests to create.
· Topic 3 addresses the need for FR2 and CQI requirements. In the first round, the discussion will focus on FR2/CQI or not. The second round will then if needed elaborate on parameters if needed.
Topic #1: Remaining FR1 parameters
Topic 1 aims to resolve the remaining issues for FR1 parameters. This includes BS TDD pattern, slot aggregation, waveform, DM-RS configuration, bandwidths and number of resource blocks.
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003181
	Intel
	Proposal 1:	Define URLLC requirements with ultra-low BLER for SNR = 10-5 + IM + X, where X = -0.5 dB.
Proposal 2:	Define FR2 PDSCH and PUSCH requirements for ultra-low BLER with 120 kHz SCS.
Proposal 3:	Use Rank 1 and MCS 13 for definition of URLLC PDSCH requirements with Ultra-low BLER.
Proposal 4:	Use one additional DMRS for definition of URLLC PDSCH requirements with Ultra-low BLER.
Proposal 5:	Do not define URLLC CQI requirements for ultra-low BLER.
Proposal 6:	Define PUSCH URLLC requirements with Ultra-low BLER only for CP-OFDM waveform.
Proposal 7:	Use one additional DMRS for definition of URLLC PUSCH requirements with Ultra-low BLER.
Proposal 8:	Use DSUU TDD pattern for PUSCH requirements with ultra-low BLER.

	R4-2003678
	Huawei
	Proposal 1: No need to define the requirements and test for FR2.
Proposal 2: We propose DM-RS configuration of 1+1 for UE. 
Proposal 3: TDD patterns 3D1S1U (S=10:2:2) for 15 KHz, 7D1S2U (S=6:4:4) for 30 KHz.
Proposal 4: DM-RS configuration of 1+1 for BS.
Proposal 5: Bandwidth of 10MHz for 15 KHz and 40 MHz for 30 KHz with full bandwidth frequency allocation. 
Proposal 6: We propose the value of X is about 0.5-0.8dB.
Proposal 7: No need to capture X in the core and conformance specifications. 
Proposal 8: We propose to define one requirement/test for ultra-low BLER target.
Proposal 9: No need to define CQI tests with ultra-low BLER target.

	R4-2003842
	Ericsson
	Proposal 1: Adopt 3D1S1U (S=10:2:2) for 15kHz, 7D1S2U (S=6:4:4) for 30kHz for TDD pattern
Proposal 2: Do not consider slot aggregation
Proposal 3: Define the test based on CP-OFDM only.
Proposal 4: Use the same assumptions for PUSCH and PDSCH DM-RS pattern as those decided for the slot aggregation requirement.
Proposal 5: Use the same assumptions for PUSCH number of RB and bandwidth as agreed for the slot aggregation requirement.
Proposal 6: X seems to be in the order of 1-3dB
Proposal 7: Do not capture X in the core specification.
Proposal 8: Include X in the test tolerance, but describe within the Annex on MU and test tolerance how the TT is calculated and the role of X.

	R4-2003845
	Ericsson
	Proposal 1: Do not develop ultra-low BLER tests for FR2.
Proposal 2: Create BS and UE performance requirements for slot aggregation and PDSCH/PUSCH mapping type B for FR2.

	R4-2003900
	Nokia
	1. RAN4 to consider high reliability & high confidence level requirements only for FR2.
1. RAN4 to consider option 1 (the “standard” TDD patterns).
1. RAN4 to not have high reliability & high confidence level test requirements for DFT-s-OFDM.
1. RAN4 to consider either DM-RS configuration 1+1, or to allow both 1+0 and 1+1 with applicability rule.
1. RAN4 to consider option 3 for the number of RB for PUSCH (full CBW for 5MHz/15k SCS and 10MHz/30K SCS).
1. RAN4 to consider option 1 for the channel bandwidth for PUSCH (5MHz for 15k SCS, 10MHz for 30k SCS).
1. RAN4 to choose “X” at least to be 1dB and preferably 3dB. Where “X” does not impact the minimum performance requirement, but just the test requirement.
1. RAN4 to consider capturing any non-zero value of “X” explicitly in the “Formula” column of the derivation of test requirements for performance tests appendix of the test specifications.
1. RAN4 to introduce one (1) requirement/test for high reliability & high confidence level test case, under the constraint that “X” is chosen larger than 1dB.

	R4-2002971
	Samsung
	Proposal 1: Reusing the TDD pattern 3D1S1U for 15 KHz SCS and 7D1S2U for 30 KHz SCS for URLLC test.
Proposal 2:  Introduce 2 DMRS configuration for PUSCH low BLER high confidence test
Proposal 3: Introduce 5MHz for 15K SCS, 10MHz for 30K SCS with full bandwidth for PUSCH with lower BLER high reliability test.
Proposal 4: Introduce additional margin X with part of IM implicitly for URLLC test requirement, not to specify the value into conformance and core spec.
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.
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. 


	R4-2003631
	NTT DoCoMo
	Proposal 1: For ultra-high BLER (10e-5 BLER) tests, introduce requirements for FR2.
Proposal 2: For ultra-high BLER (10e-5 BLER) tests, adopt the following TDD patterns.
· 15kHz SCS (FR1): 3D1S1U (S=10:2:2)
· 30kHz SCS (FR1): 7D1S2U (S=6:4:4)
· 60kHz SCS (FR2): 3D1S1U (S=10:2:2)
· 120kHz SCS (FR2): 3D1S1U (S=10:2:2)
Proposal 3: For ultra-high BLER (10e-5 BLER) tests, allow a BS to declare supported TDD patterns and choose one for the test (Same applicability rule as normal demodulation).
Proposal 4: For ultra-high BLER (10e-5 BLER) requirements, adopt DM-RS 1+1 (option 2) for FR1 and DM-RS 1+0 and 1+1 with applicability rule (option 3) for FR2.
Proposal 5:	Define ultra-high BLER (10e-5 BLER) 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
NOTE: Only one test per [per SCS per duplex mode] will be performed based on applicability rule
Proposal 6: For ultra-high BLER (10e-5 BLER) test, introduce >1 requirements and test only one per supported SCS per supported duplex mode (using applicability rule).


	R4-2004010
	NTT DoCoMo
	Proposal 1: Introduce FR2 URLLC requirements for high reliability
Proposal 2: Introduce 8 and 4 PDSCH aggregation level for FDD and TDD, respectively
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
Proposal 7: Target BLER=10^-5 should be applied for CQI reporting requirements
Proposal 8: Introduce UE FR2 URLLC requirements for ultra-low BLER
Proposal 9: one additional DMRS should be applied for URLLC ultra-low BLER test
Proposal 10: Introduce one requirement both for FR1 FDD and FR1 TDD for FR1 URLLC ultra-low BLER test. 
· FFS: for FR2 
Proposal 11: Define CQI testing with ultra-low BLER


	R4-2004557
	Qualcomm
	Proposal 1: Use Method 1 for testing 99.999% reliability with 99.999% confidence level.
Proposal 2: Consider discussing test methodology for UE and gNB separately.


	R4-2004781
	Qualcomm
	Proposal 1: Do not define URLLC test cases for FR2.
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.
Proposal 6: Use 1 additional DMRS symbol for defining PDSCH 1e-5 BLER tests.
Observation 3: The lowest SNR for FR1 2Rx FMCS requirements in 38.101-4 is -1.1dB.
Proposal 7: Use MCS >= 10 for defining the tests with 1e-5 BLER to avoid very low SNR regime.




Open issues summary
Sub-topic 1-1 BS TDD pattern
Sub-topic description: TDD pattern to apply for the BS requirement
Open issues and candidate options before e-meeting:
Issue 1-1: BS TDD pattern
· Proposals
· Option 1: 3D1S1U (S=10:2:2) for 15 KHz, 7D1S2U (S=6:4:4) for 30 KHz (Huawei, Ericsson, Nokia, Samsung, NTT DoCoMo)
· Option 2: DSUU (Intel)
· Recommended WF
· Discuss in 2nd round

Sub-topic 1-2 Slot aggregation
Sub-topic description: At the last meeting it was agreed no slot aggregation for X<=3dB, otherwise slot aggregation of 1 or 2 could be considered
Open issues and candidate options before e-meeting:
Issue 1-2: Slot aggregation
· Proposals
· Option 1: No aggregation (Ericsson, Nokia, Apple, Intel, Huawei, Samsung)
· Option 2: (Possible aggregation was an option at the end of the last meeting; no other company inputs so far)
· Recommended WF
· Option 1

Sub-topic 1-3 Waveform for BS requirement
Sub-topic description: CP-OFDM waveform is agreed, but DFT-s-OFDM is FFS
Open issues and candidate options before e-meeting:
Issue 1-3: Waveform for BS requirement
· Proposals
· Option 1: Keep to CP-OFDM only (Intel, Ericsson, Nokia, Samsung, Huawei)
· Option 2: CP-OFDM and DFT-s-OFDM (NTT DoCoMo)
· Recommended WF
· Option 1

Sub-topic 1-4 DM-RS configuration
Sub-topic description: Whether to use 1 or 2 DM-RS for PDSCH and PUSCH is not agreed yet
Open issues and candidate options before e-meeting:
Issue 1-4-1: UE PDSCH DM-RS
· Proposals
· Option 1: 1+1 (Intel, Huawei, NTT DoCoMo, Qualcomm, Apple)
· Option 2: Same as agreed for slot aggregation (high BLER) requirement (Ericsson)
· Recommended WF
· Agree option 1, reconfirm or possible revise in case slot aggregation not agreed as 1+1. Agreement is for FR1 only.

Issue 1-4-2: BS DM-RS
· Proposals
· Option 1: 1+1 (Intel, Nokia, Samsung, NTT DoCoMo, Huawei, Ericsson if also 1+1 for slot aggregation)
· Option 2: 1+1 and 1+0 (Nokia)
· Recommended WF
· Agree option 1, reconfirm or possible revise in case slot aggregation not agreed as 1+1. Agreement is for FR1 only.

Sub-topic 1-5 PUSCH bandwidth and number of PRB
Sub-topic description: At least 10MHz (15k SCS) and 40MHz (30k SCS) was agreed, but additional bandwidths was left FFS. The number of PRB was not agreed.
Open issues and candidate options before e-meeting:
Issue 1-5: PUSCH bandwidth and number of PRB
· Proposals
· Option 1: 10MHz for 15k SCS, 40-MHz for 30k SCS, full bandwidth (Huawei, Nokia, Samsung, Intel)
· Option 2: Same as agreed for high BLER slot aggregation requirement (Ericsson)
· Option 3: 5/10MHz for 15k SCS, 10/40MHz for 30k SCS (NTT DoCoMo, Ericsson)
· Recommended WF
· Discuss in 2nd round

Sub-topic 1-6 UE MCS
Sub-topic description The MCS was agreed as MCS5 from the low spectrum efficiency table in previous meetings. In this meeting, there is a proposal to use MCS13 for the UE.
Open issues and candidate options before e-meeting:
Issue 1-6: UE MCS
· Proposals
· Option 1: Use MCS13 for the UE (Intel, Apple)
· Option 2: Keep to previous agreed MCS5
· Option 3: Use larger MCS to avoid low SNR requirements for UE. (Qualcomm, Intel, Huawei)
· Recommended WF
· Further investigate and confirm MCS. MCS13 is baseline but a different MCS could be agreed if better.

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

	Ericsson
	Issue 1-4-1 and 1-4-2: We support 1+1 as long as the same is also agreed for the slot aggregation requirement (so that the same FRCs can be used).
Issue 1-5: We can consider option 3 as long as there is an applicability rule. But more importantly, our view is that we should align with the assumptions for the slot aggregation requirement.


	Qualcomm
	Issue 1-6: In our view, we need to consider larger MCS so that requirements could be defined at a reasonable SNR. Intel has similar view. We haven’t run simulations for MCS13 yet, so it is hard for us to agree to MCS13 at this point but we are ok to consider it as an option to give other companies a chance to run simulations and finalize the MCS in next meeting.

	NTT DOCOMO
	Issue 1-1: In our opinion, option 1 is suitable for the default TDD patterns captured in the specifications. Other TDD patterns also can be used for testing in the same manner as Rel.15.
Issue 1-3: 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 1-4-1: We prefer Option 1.
Issue 1-5: We prefer Option 3. Regarding Option 2, this option 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.

	Apple
	Issue 1-2: Slot aggregation
No slot aggregation 
Issue 1-4-1: UE PDSCH DM-RS
Option 1: 1+1
Issue 1-6: UE MCS
Option 1.


	Intel
	Issue 1-1: BS TDD pattern
We assume that purpose of test is to verify the operation on ultra-low BLER, which may take log test time. Therefore, we think that it is more important to consider TDD pattern which allows to reduce test time and using of practical TDD pattern can be considered for all other URLLC requirements.
Issue 1-2: Slot aggregation
We support Option 1 (i.e. no aggregations for Ultra-low BLER requirements)
Issue 1-5: PUSCH bandwidth and number of PRB
We support Option 1
Issue 1-6: UE MCS
We are fine to further investigate in this direction, but we would like note that it is better to select MCS in a way that SNR operating point is not less than -3 dB to avoid any RRM or PDCCH related issues during the test. 

	Nokia, Nokia Shanghai Bell
	Issue 1-1: BS TDD pattern
UL biased TDD patterns represent unrealistic loads for the hardware equipment and implementation.
While we are very sympathetic to the goal of reducing test time, stressing the hardware in ways that it is not designed for, could lead to wrong conclusions.
Hence, option 1 (the “standard pattern”) should be chosen.
Issue 1-2: Slot aggregation
In the interest of test time, we also prefer option 1 (no aggregation).
Issue 1-3: Waveform for BS requirement
Given the heavy burden w.r.t simulation and testing high reliability & high confidence level requirements, we think that is not justified to double the test and simulation load for DUTs that support both CP-OFDM and DFT-S-OFDM.
Hence option 1
Issue 1-4-2: BS DM-RS
In the spirit of providing the highest possible reliability, we propose to use as many DM-RS as acceptable. I.e., DM-RS 1+1 in most cases, and DM-RS 1+0, once the TDRA is too short to support two DM-RS.
Issue 1-5: PUSCH bandwidth and number of PRB
The number of PRB should be chosen as large as possible (within reason w.r.t. TBS). Such a configuration is advantageous for high reliability, since frequency diversity needs to be exploited in real systems. 
Hence, we would prefer to not go below 10MHz/15kHz and 40MHz/30kHz.
Albeit that for the given AWGN only channel model, also option 3 should not show an error floor.

	Huawei
	Issue 1-2:
We prefer option 1.

Issue 1-3:
We prefer option 1

Issue 1-4-2:
We prefer option 1

Issue 1-6:
We are running the simulation, I will update the results when the simulation is finished.

	Samsung
	Issue 1-1
We are fine with option 1 to align with the TDD patterns, using in Rel-15 NR PUSCH demodulation requirement
Issue 1-2
We are fine with option 1, meanwhile, based on TDD pattern for 15KHz, the effective PUSCH transmission is only 1 slots
Issue 1-3
We are fine option 1
Issue 1-4-2
We are fine with option1, based on our initial results, about 1dB gain can be achieved.
Issue 1-5
We are fine with option 1


 
CRs/TPs comments collection
None
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#1-1 BS TDD pattern
	Tentative agreements: None
Candidate options:
· Option 1: 3D1S1U (S=10:2:2) for 15 KHz, 7D1S2U (S=6:4:4) for 30 KHz (Huawei, Ericsson, Nokia, Samsung, NTT DoCoMo)
· Option 2: DSUU (Intel)
Recommendations for 2nd round: Continue discussion in 2nd round

	Sub-topic#1-2 Slot aggregation
	Tentative agreements: No slot aggregation
Candidate options:
Recommendations for 2nd round: Topic concluded; no 2nd round discussion

	Sub-topic#1-3 Waveform for BS
	Tentative agreements: CP-OFDM only
Candidate options:
Recommendations for 2nd round: Topic concluded; no 2nd round discussion

	Sub-topic#1-4 DM-RS configuration
	Tentative agreements: UE DM-RS configuration is 1+1. Reconfirm or revise this decision in case the decision for DM-RS configuration for the slot aggregation requirement differs. BS DM-RS configuration is 1+1. Reconfirm or revise this decision in case the decision for DM-RS configuration for the slot aggregation requirement differs. These agreements apply for FR1 only.
Candidate options:
Recommendations for 2nd round: Topic concluded; no 2nd round discussion

	Sub-topic#1-5: PUSCH BW and PRB number
	Tentative agreements: None
Candidate options:
· Option 1: 10MHz for 15k SCS, 40-MHz for 30k SCS, full bandwidth (Huawei, Nokia, Samsung, Intel)
· Option 2: Same as agreed for high BLER slot aggregation requirement (Ericsson)
· Option 3: 5/10MHz for 15k SCS, 10/40MHz for 30k SCS (NTT DoCoMo, Ericsson)
Recommendations for 2nd round: Continue discussion in 2nd round.

	Sub-topic#1-6 UE MCS
	Tentative agreements: Further investigate and confirm UE MCS. MCS13 is baseline but a different MCS could be agreed if better.
Candidate options:
Recommendations for 2nd round: Topic concluded; no 2nd round discussion



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

	#1
	Recommended to use a single WF for the whole thread to capture conclusions at the end of the 2nd round.
	
Moderator (Ericsson)




CRs/TPs
None
Discussion on 2nd round (if applicable)
Issue 1-1: BS TDD pattern
· Proposals
· Option 1: 3D1S1U (S=10:2:2) for 15 KHz, 7D1S2U (S=6:4:4) for 30 KHz (Huawei, Ericsson, Nokia, Samsung, NTT DoCoMo)
· Option 2: DSUU (Intel)
· Discussion
· Please explain further the need and benefit for more uplink slots in terms of test time vs. deviation from TDD pattern used for other requirements.

Issue 1-5: PUSCH bandwidth and number of PRB
· Proposals
· Option 1: 10MHz for 15k SCS, 40-MHz for 30k SCS, full bandwidth (Huawei, Nokia, Samsung, Intel)
· Option 2: Same as agreed for high BLER slot aggregation requirement (Ericsson)
· Option 3: 5/10MHz for 15k SCS, 10/40MHz for 30k SCS (NTT DoCoMo, Ericsson)
· Discussion 
· The difference between option1 and option 3 is whether to support the lowest bandwidth. Please explain why support for the lowest bandwidth is needed, or alternative why it may not be preferable to develop requirements for these lowest bandwidths.

	Company
	Comments

	Huawei
	Issue 1-5: PUSCH bandwidth and number of PRB
For this issue, it is better to align with the higher BLER performance requirement. Meantime, the applicability rules defined for different SCS/CBW has been agreed in higher BLER performance requirement, in this email thread, it is better to clarify the same applicability rule:
Test applicability for different SCS and channel bandwidth:
· Reuse the test applicability rules defined for NR Rel-15 PUSCH performance requirements

	Nokia, Nokia Shanghai Bell
	Issue 1-1: 
No further arguments to add on top of the previous ones at this time.
Issue 1-5:
Given the extreme simulation times required for the non-relaxed requirements, it is preferable to keep the requirements to the excepted use cases.
In our opinion the minimum bandwidths will not be used in real world deployments, due to the lack of frequency diversity. Hence option 1, without applicability is preferable to us.

	Ericsson
	Issue 1-5:
Although we in general prefer not to introduce additional work in creating corner case requirements, we have some sympathy to creating minimum bandwidth requirements in case there are some specialist applications of URLLC. We do not directly see any such applications though so we do not have a strong view. We think that the bandwidths should be aligned between this requirement and the other high BLER requirements.

	Samsung
	Issue 1-1: 
As agreed , there is no slot aggregation for high reliability test, we do not think we need to change the TDD pattern for FR1 
Issue 1-5:
Since the test channel condition is under AWGN, there is no diversity expected to achieve. Meanwhile, with ultra- lower test with 99.999%, the performance should be no different with minimum bandwidths

	Intel
	Issue 1-1:
One of important aspects of this test is testing time. DSUU pattern allows to reduce test time in 2.5 times in comparison to baseline TDD patterns. Therefore, we would like to understand if there are any technical issue to use DSUU pattern for BS requirements. 

	NTT DOCOMO
	Issue 1-5: We prefer Option 3. 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.



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  

	R4-2005526

	The WF in R4-2005526 contains agreements and open issues after the 2nd round


Topic #2: Testing issues
Companies’ contributions summary
See section 1.1
Open issues summary
This section considers issues relating to testing. In the previous meeting, it was agreed that the test SNR would be calculated as (SNR for 10^-5 BLER +IM + X). The value for the parameter X as well as how and where to document X was not resolved. Also not resolved was the number of requirements and tests. 
Sub-topic 2-1 X parameter definition and value
Sub-topic description: The value for the X parameter, as well as how to incorporate it into the specifications was not resolved in the previous meeting.
Open issues and candidate options before e-meeting:
Issue 2-1-1: Value for X
· Proposals
· Option 1: 0dB (Qualcomm)
· Option 2: 0.5dB (Intel, Apple)
· Option 3: 0.5-0.8dB (Huawei)
· Option 4: 2-3dB (Ericsson)
· Option 5: 1-3dB (Nokia)
· Compromise 1-2dB (Ericsson, Samsung), 1dB (Nokia)
· Recommended WF
· Further discussion in second round

Issue 2-1-2: How to document X in the specifications
· Proposals
· Option 1: Do not capture in specifications; include directly into core spec requirement by assuming part of IM (Samsung) 
· Option 2: Capture as part of TT in the conformance specification (Ericsson, Nokia, NTT DoCoMo, Intel)
· Option 3: Do not capture in specifications, X is not part of IM. (Huawei)
· Recommended WF
· Further discussion

Issue 2-1-3: Same or separate X for BS and UE
· Proposals
· Option 1: Separate (Qualcomm, Samsung slight preference)
· Option 2: Same (Nokia, NTT DoCoMo, Intel)
· Recommended WF
· Further discussion

Sub-topic 2-2 Number of requirements and tests
Sub-topic description There is a need to decide how many requirements and how many tests should be specified for BS and UE
Open issues and candidate options before e-meeting:
Issue 2-2-1: Number of UE requirements
· Proposals
· Option 1: 1 (Huawei)
· Option 2: 2 (One TDD, one FDD) (NTT DoCoMo)
· Option 3: 4 (Two duplex * Two antenna configuration) (Ericsson, Apple)
· Option 4: Also CQI requirements; comes to 8 (Qualcomm)
· Recommended WF
· It is not of importance to agree a number; rather agree the number of different scenarios and the number of requirements will fall out. Note that currently it appears to be 4 for PDSCH plus potentially CQI, but this depends on final set of scenarios.

Issue 2-2-2: Number of UE tests
· Proposals
· Option 1: 1 (Huawei)
· Option 2: 2 (Intel, Apple)
· Recommended WF
· TBA

Issue 2-2-3: Number of BS requirements
· Proposals
· Option 1: 1 (Huawei, Samsung)
· Option 2: At least 4 (NTT DoCoMo; 2 SCS*2 Bandwidth, Ericsson but based on 2*SCS=2*mapping type, Intel, Nokia)
· Recommended WF
It is not of importance to agree a number; rather agree the number of different scenarios and the number of requirements will fall out. Note that currently 2 SCS and 2 mapping type are agreed; this number could change dependin on agreements (There can be applicability rules to reduce testing of course).
Issue 2-2-4: Number of BS tests
· Proposals
· Option 1: 1 (Huawei, Nokia if X>1dB,Samsung)
· Option 2: Up to 4 (NTT DoCoMo; one test per SCS and Duplex mode)
· Recommended WF
· TBA


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

	Ericsson
	Issue 2-1-1: The X value should ensure early pass. We noticed that the BLER curve may become less steep below 10^-5, but are still investigating. Possibly our proposal may be a bit higher than needed to ensure early pass; we’d be interested to understand the level of support for a compromise somewhere in the range 1-2dB.
Issue 2-1-2: We think it is important not to include X in the core specification because it is not about the core requirement; just facilitating reasonable test time.
Issue 2-1-3: We can consider this (i.e. different BS/UE), although it depends on whether the PDSCH and PUSCH could be expected to behave differently with regard to early pass/fail.
Issue 2-2-1:  Currently the number of UE requirements applicable to FR1 are one FDD, one TDD with 2*2, and 2*4 antenna configuration configured. That means 4 requirements, although not necessarily 4 tests conducted.
Issue 2-2-3: Currently at least 4 requirements seem to be needed (2*mapping type, 2*SCS/bandwidth). Applicability rules should be used to limit the number of tests.


	Qualcomm
	Issue 2-1-1: If we want to ensure the SNR-BLER relationship performance is good for the UE, X should be 0dB and any margin needed on top of baseband results can be included in IM, just like other UE demod test cases. I am not sure how X = 0.5-0.8dB matters. That can be absorbed in IM. For other demod tests, we add IM of 0.5dB on top of impairment results anyway. So, we prefer Option 1.
Issue 2-1-3: In our opinion, it should be discussed separately for UE and BS. Based on previous meeting’s discussion, BS vendors wanted higher value of X and UE vendors wanted lower value of X. So, it will be beneficial to separate these discussions to make progress.
Issue 2-2-1/2-2-2: This issue is rather ambiguous. In our opinion, for each scenario, there will be at least 4 sets of requirements for combination of FDD/TDD, 2Rx/4Rx with applicability rule for 2Rx and 4Rx. Our preference is to define requirements for 2 scenarios: FMCS and CQI reporting. So, if this issue is asking for number of scenarios, our preference is 2. If this issue is asking for total number of tests defined in the spec, our preference is 8 with applicability rules for FMCS & CQI reporting, 2Rx & 4Rx.

	NTT DOCOMO
	Issue 2-1-2: We prefer Option 2. 
Issue 2-1-3: We support Option2. The motivation for adopting Option 1 is not clear for us. The value of X does not depend on test equipment or environment, so the common value for UE and BS should be considered. Issue 2-2-3: If it is agreed to create FR2 requirements, the number of requirements is 4 SCS*2 CBW. 
Issue 2-2-4: We need to clarify the definition of “one test”. Our proposal is “one test per supported SCS per supported duplex mode”, which means that the test shall apply only for each subcarrier spacing declared to be supported and apply only for each duplex mode declared to be supported. Some examples are shown below:
 Example 1: BS that declares support 30kHz and TDD 
                    => The total number of tests is 1 (TDD 30kHz SCS)
 Example 2: BS that declares support 15/30kHz and TDD 
                    => The total number of tests is 2 (TDD 15kHz SCS, TDD 30kHz SCS)
 Example 3: BS that declares support 15/30kHz and TDD/FDD 
                    => The total number of tests is 4 (TDD 15kHz SCS, FDD 15kHz SCS, TDD 30kHz SCS, FDD 30kHz SCS)

	Intel
	Issue 2-1-1: Value for X
The intention to consider non-zero X is to trigger early pass. Based on our analysis, using of target BLER 10^(-6) instead of 10^(-5) allows to reduce test time. Also, our results show that SNR difference on 10^(-6) and 10^(-5) is about 0.5-dB. Therefore, we suggest to use this value for X. Same time, probably we can keep this question open and decide later based on results collection among the companies.
Issue 2-1-2: How to document X in the specifications
In case X will be agreed as non-zero, we suggest to capture it as part of TT in the conformance specification (Option 2), because such option allows to clear reflect and document assumptions on URLCC test definition. Also, in case Option 2 will be adopted, we need to inform RAN5 to capture this part in UE conformance specification
Issue 2-1-3: Same or separate X for BS and UE
Support Option 2. In case we consider CP-OFDM waveform, PDSCH and PUSCH BLER curves behaviour will be the same.
Issue 2-2-1: Number of UE requirements
We assume that 4 requirements should be defined (FDD/TDD and 2Rx/4RX)
Issue 2-2-2: Number of UE tests
We assume 2 tests will be executed: 2 Rx with FDD/TDD or 4 Rx with FDD/TDD, based on UE capability.
Issue 2-2-3: Number of BS requirements
We support Ericsson’s view (i.e. 4 requirements two SCS/CBW combination and two PUSCH mapping types )

	Apple
	Issue 2-1-1: Value for X
Option 2. The purpose of having an additional margin over IM is to ensure that the test can be completed with early pass criteria.
Issue 2-2-1: Number of UE requirements
4 requirements for FDD, TDD for 2RX and 4RX
Issue 2-2-2: Number of UE tests
Option 2: 2

	Nokia, Nokia Shanghai Bell
	2.2.1	Sub-topic 2-1 X parameter definition and value
Remark on the sub-topic description: 
The standard difference between minimum requirement and test requirement is usually denoted “TT” (test tolerance) in LTE and Rel-15 NR. We should avoid using “IM” (implementation margin), which seems to only be common in RF requirements.
Issue 2-1-1: Value for X
Marginal DUTs require too many samples to be practically testable in UL high reliability & high confidence level test cases. However, we cannot assume non-marginal DUTs, since this would effectively require vendors to design the DUTs for even lower BLER, than required for the test case.
From our presented exploratory simulations, we see that between 1 and 3 dB of additional margin are required to make a good DUT (designed for 1e-6 BLER) make reliably terminate reasonably early.
If required, we can compromise to the lower bound of our identified margin to make progress.
Issue 2-1-2: How to document X in the specifications
The test specification (38.141-1/2) already have a precedent of relaxing test requirements w.r.t. to the performance requirements. The calculation of the former from the later is given in the appendix and even contains methods to change the KPI.
Explicit and transparent inclusion of “X” makes it possible for operators to plan with faithful minimum performance figures and it is possible to centrally account for future advances in performance testing equipment.
Hence we should capture any non-zero value of “X” explicitly in the “Formula” column of the derivation of test requirements for performance tests appendix of the test specifications, for example as part of the TT, or as a fixed factor.
Issue 2-1-3: Same or separate X for BS and UE
Even though, the BS has longer testing times than the UE (due to TDD patterns for example), we should aim to keep the value of X the same for both. 
The testing time is still an issue for the UE side and the proposed values of X are not larger than 3dB.
Issue 2-2-3: Number of BS requirements
The main bulk of the test cases is provided in the parallel discussion on relaxed testing with lower confidence levels and KPI targets, where testability is not an issue.
Thus a single test case (or max one per SCS) is sufficient and saves a lot of simulation time.
We can compromise to a new option “1 for each FR1 SCS.”
Issue 2-2-4: Number of BS tests
It is clear that a DUT cannot test a SCS that it does not support, hence the DUT should be able to declare (1) test to be carried out.

	Samsung
	Issue 2-1-1
We don’t have details proposal for the value. Considering the value is adding to early pass, possible higher is need. With refer the TT, about 0.3 to 0.6 dB are considering.  Meanwhile, In eMBB scenario, we have similar discussed whether considering additional margin for PUSCH FR2 without considering the impact of phase noise. As agreed for FR2 for BS side, the IM gap can be allowed for 4dB.  Therefore, a compromise way with 1 to 2dB mentioned by Ericsson is fine for us.
Issue 2-1-2
We prefer option 1. In eMBB scenario, we have similar discussed whether considering additional margin for PUSCH FR2 without considering the impact of phase noise. Eventually, RAN4 agreed this additional margin can be considered as in the part of IM, depended on implementation, we would like to apply the same approach not to capture both core spec and conform test spec
Issue 2-1-3
We are no strong view, As Rel-15, we have also separated the discussion on the additional margin value for UE and BS side, we slightly prefer to separate
Issue 2-2-3
We are fine with option 1
Issue 2-2-4
We are fine with option 1

	Huawei 
	Issue 2-1-2:
We cannot agree with the WF. 
X should not be captured in specifications; IM value is decided by companies. X is an additional value and it should not be part of IM.
RAN4 has not discussed this question in history. We just need to agree the margin in the WF and no need to mention the X in the specifications. In specification, there is only an agreed SNR value based on the IM and X.   
Issue 2-1-3
We prefer option 1.


 
CRs/TPs comments collection
None
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#2-1-1 Value for X
	Tentative agreements: None
Candidate options: 
· Option 1: 0dB (Qualcomm)
· Option 2: 0.5dB (Intel, Apple)
· Option 3: 0.5-0.8dB (Huawei)
· Option 4: 2-3dB (Ericsson)
· Option 5: 1-3dB (Nokia)
· Compromise 1-2dB (Ericsson, Samsung), 1dB (Nokia)
Recommendations for 2nd round: Further discussion in second round. Candidate for discussing in call.

	Sub-topic#2-1-2 How to document X
	Tentative agreements: None
Candidate options: 
· Option 1: Do not capture in specifications; include directly into core spec requirement by assuming part of IM (Samsung) 
· Option 2: Capture as part of TT in the conformance specification (Ericsson, Nokia, NTT DoCoMo, Intel)
· Option 3: Do not capture in specifications, X is not part of IM. (Huawei)

Recommendations for 2nd round: Further discussion in 2nd round needed. Candidate for discussing in call.

	Sub-topic#2-1-3 Separate or same X
	Tentative agreements:  None
Candidate options:
· Option 1: Do not capture in specifications; include directly into core spec requirement by assuming part of IM (Samsung) 
· Option 2: Capture as part of TT in the conformance specification (Ericsson, Nokia, NTT DoCoMo, Intel)
· Option 3: Do not capture in specifications, X is not part of IM. (Huawei)
Recommendations for 2nd round: Further discussion in 2nd round. Candidate for discussing in call.

	Sub-topic#2-2-1 Number of UE requirements
	Tentative agreements:  Regarding number of UE requirements: It is not of importance to agree a number; rather agree the number of different scenarios and the number of requirements will fall out. Note that currently it appears to be 4 for PDSCH plus potentially CQI, but this depends on final set of scenarios.
Candidate options:
Recommendations for 2nd round: Topic concluded for this meeting; no 2nd round discussion

	Sub-topic#2-2-2 Number of UE tests
	Tentative agreements:  None
Candidate options: Regarding number of UE tests:
· Option 1: 1 (Huawei)
· Option 2: 2 (Intel, Apple)
Recommendations for 2nd round: Check if further progress can be made in second round by considering applicability rules. Not recommended for discussion during calls.

	Sub-topic#2-2-3 Number of BS requirements
	Tentative agreements:  Regarding number of BS requirements: It is not of importance to agree a number; rather agree the number of different scenarios and the number of requirements will fall out. Note that currently 2 SCS and 2 mapping type are agreed; this number could change depending on agreements (There can be applicability rules to reduce testing of course).
Candidate options:
Recommendations for 2nd round: Topic concluded for this meeting; no 2nd round discussion

	Sub-topic#2-2-4 Number of BS tests
	Tentative agreements:  None
Candidate options: Regarding number of BS tests:
· Option 1: 1 (Huawei, Nokia if X>1dB,Samsung)
· Option 2: Up to 4 (NTT DoCoMo; one test per SCS and Duplex mode)
Recommendations for 2nd round: Check if further progress can be made in second round by considering applicability rules. Not recommended for discussion during calls.



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

	#1
	Recommended to use a single WF for the whole thread to capture conclusions at the end of the 2nd round.
	
Moderator (Ericsson)



CRs/TPs
None
Discussion on 2nd round (if applicable)
Issue 2-1-1: Value for X
· Proposals
· Option 1: 0dB (Qualcomm)
· Option 2: 0.5dB (Intel, Apple)
· Option 3: 0.5-0.8dB (Huawei)
· Option 4: 2-3dB (Ericsson)
· Option 5: 1-3dB (Nokia)
· Compromise 1-2dB (Ericsson, Samsung), 1dB (Nokia)
· Discussion
· To move forward on this topic; 
· if proposing non-zero X please explain what underlying BLER you are targeting with the X in order to reduce test time. 
· For your proposed X, where possible indicate your view on the associated test time will be. 
· Alternatively, indicate what test time you think should be targeted and what underlying BLER could be needed to achieve a pass within this time (Then the X can be examined later).

Issue 2-1-2: How to document X in the specifications
· Proposals
· Option 1: Do not capture in specifications; include directly into core spec requirement by assuming part of IM (Samsung) 
· Option 2: Capture as part of TT in the conformance specification (Ericsson, Nokia, NTT DoCoMo, Intel)
· Option 3: Do not capture in specifications, X is not part of IM. (Huawei)
· Discussion
· Please clarify your company view; aim to explain clearly why you think it would be correct/incorrect to include in the core spec and correct/incorrect to include in the conformance spec.

Issue 2-1-3: Same or separate X for BS and UE
· Proposals
· Option 1: Separate (Qualcomm, Samsung slight preference)
· Option 2: Same (Nokia, NTT DoCoMo, Intel)
· Discussion
· Please explain in more detail why the UE and BS may or may not differ in their need for reducing test time.

Issue 2-2-2: Number of UE tests
· Proposals
· Option 1: 1 (Huawei)
· Option 2: 2 (Intel, Apple)
· Discussion
· Please outline your views on what applicability rules might be applied to reduce the number of UE tests

Issue 2-2-4: Number of BS tests
· Proposals
· Option 1: 1 (Huawei, Nokia if X>1dB,Samsung)
· Option 2: Up to 4 (NTT DoCoMo; one test per SCS and Duplex mode)
· Discussion
· Please outline your views on what applicability rules may be applied to reduce the number of BS tests
	Company
	Comments

	Huawei
	Issue 2-1-1: Value for X
Companies can provide simulation results to see the dB difference between 10^-5 and the improved BLER target (eg. 10^-6). Then we can decide the additional dB.

Issue 2-1-2:
We understand the additional X is aiming to reduce the test time. In Rel-15, RAN4 has the same discussion about the extra margin. To add the extra margin has different reasons, but the extra margin did not captured in core or conformance specifications. Companies can check R4-1816488 slide #11 and R4-1905735. We prefer to follow the same approach. Do not capture X in core or conformance specifications.

Issue 2-1-3:
We prefer to discuss the extra margin separately for BS and UE.
Companies can provide the simulation results for BS and UE, then to decide the X values for BS and UE. 

	Nokia, Nokia Shanghai Bell
	Issue 2-1-1: Value for X
As we showed in our contribution, a value of X>=1dB will make a marginal 1e-5 DUT early terminate as a 1e-6 DUT, which reduces the testing time from 55hrs to 3hrs (for the BS case and the tested scenarios, which was not an exhaustive study).
For the BS side, a compromise value of 1dB seems agreeable and should be decided in this meeting (at least as value in square brackets and FFS pending further simulation results). Nokia has provided corresponding simulations and given the limited time to the next meeting, new simulations might not finish in time.
Issue 2-1-2: How to document X in the specifications
The test specification (38.141-1/2) already have a precedent of relaxing test requirements w.r.t. to the performance requirements. The calculation of the former from the latter is given in the appendix and even contains methods to change the KPI.
All counter-voices expressed in the 1st and 2nd round (until now), are arguing against capturing the numeric value of X in the core/min requirement specification.
So the compromise offered by option 2 to capture it in the test specification, using the usual test relaxation framework, should be an agreeable solution.
The reasoning to explicitly capture X, is as before: Explicit and transparent inclusion of “X” makes it possible for operators to plan with faithful minimum performance figures and it is possible to centrally account for future advances in performance testing equipment.
Hence we should capture any non-zero value of “X” explicitly in the “Formula” column of the derivation of test requirements for performance tests appendix of the test specifications, for example as part of the TT, or (preferably) as a fixed factor.
Issue 2-1-3: Same or separate X for BS and UE
It is our preference to use the same X for BS and UE, but we will not refute a technical argumentation.
Issue 2-2-4: Number of BS tests
We agreed to having 4 requirements.
However, the applicability rules should limit the number of tests 1. Most companies that implement URLLC will be very restrictive with the configuration supported, i.e., one TDRA type and one SCS.
This should be declarable and testing should be limited to this (assumed to be) optimal trade-off as decided by the manufacturer.

	Qualcomm
	Issue 2-1-1: We have below comments:
· In order to test SNR-BLER relationship, we should not deviate too much from SNR required for 1e-5 BLER. Otherwise, we will be just testing the UE for error floor rather than performance.
· We think that targeting 1e-6 BLER for early pass may not be necessary. Based on simulation results provided in our paper, test time for 90th percentile of users was similar for both 5e-6 and 1e-6 BLER. 
· If X is too large, we also run the risk of UE getting into 1e-7 BLER regime, where first instance of error itself may take up to 1e7 slots and that will result in longer test duration.
· Therefore, we can only accept Option 1 or Option 2 as a compromise, but not the other options since they are not testing for performance anymore.
Issue 2-1-3: Prefer Option 1. Based on discussions in previous meetings, our view is that it is feasible for UE vendors to run the long test for 1e-5 BLER. However, in case of BS, test time may be too long due to less occurrence of PUSCH and they preferred only testing for error floor. Therefore, we prefer to discuss the value of X for BS and UE separately instead of unnecessarily trying to find a compromise between BS and UE vendors. BS and UE requirements will anyway be defined in separate specifications, so X doesn’t need to be same for both.
Issue 2-2-2: We prefer to define the UE tests for Fixed MCS and CQI reporting scenarios. Under each scenario, we will have 4 tests for FDD/TDD and 2Rx/4Rx. We can have applicability rule between FMCS & CQI reporting, and 2Rx & 4Rx. So, effectively, UE will be tested for 1 test for FDD and 1 test for TDD.

	Ericsson
	2-1-1: Value for X
We agree with the principle of simulating to find the X for 10^-6. We would add that it may also eb worth to check even 10^-7. The reason is that if the curves are steep enough then the difference may only be a fraction of a dB. Our investigations showed that that the test time went from excessive for 10^-5 to worst case 2.5 hours for 10^-6 to worst case 40 mins for 10^-7. Probably the X associated with 10^-6 is fine, but it may be interesting to check whether the delta to 10^-7 is significant or not.
To Qualcomm: Presumably the use cases for URLLC can be diverse and may include different types of devices in the future. One concern with your argumentation is that it is not clear to us whether the population of devices you report is representative of all device types, considering e.g. industrial situaitons, vehicular etc., or whether the distribution of achieved BLER may differ depending on type. Also, how is the test time like for the other 10% of devices where it is longer. And might the 10% be larger for other device types. Would welcome your further comments.

2-1-2: How to document in the specifications
We should take care about the difference between a margin to reduce test time, and an extra margin, which in our understanding is associated with getting to a requirement level for 10^-5 BLER after averaging of companies proposals for the SNR point for the requirement.

2-1-3: Separate UE and BS
Similar to Nokia our preference would be to keep the same unless there is a technical reasoning, but we are open to discuss.

2-2-2, 2-2-4 Number of requirements for BS and UE
In both cases, we should aim to reduce the total amount of requirements. We should not repeat testing with different badwidths and SCS in principle. If we can ensure an early pass in a reasonable time, then there may be some room to consider more than one test, but for now we assume we should target one.

	Samsung
	2-1-3: Separate UE and BS
We are fine with separate the X for UE and BS. Since the motivation for X is reduce the test time, considering the different TDD pattern for UE and BS, the X may be different.
Issue 2-2-4: Number of BS tests
Similar to Nokia, the number of test should be limited based on applicability rule, as agreed in Rel-15, we have specified the applicability rule with different mapping type and SCS. 

	Intel
	Issue 2-1-1: Value for X
We proposed to use 0.5 dB because, based on our results, it allows to change BLER point from 10^-5 to 10^-6 and, as results, reduce average test time from 3hrs to 20 min. Same time, further increasing of target BLER point does not allow to reduce test time significantly. 
Taking into account that most of simulation assumptions is already agreed, companies can prepare results for the next RAN4 meeting and we can try to conclude on this topic.

	NTT DOCOMO
	Issue 2-2-2: For FR1, we assume 2 tests based on UE capability (One TDD, one FDD). For CQI and FR2 test, we prefer to keep the discussion in the next meeting.
Issue 2-2-4: Is this applicability rule applied according to BB capability or Radio unit capability? If it depends on Radio unit capability, we are fine with only one 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  

	R4-2005526

	The WF in R4-2005526 contains agreements and open issues after the 2nd round






Topic #3: Scope
Companies’ contributions summary
See section 1.1
Open issues summary
This section considers additional issues regarding the scope of the requirements; in particular whether to create ultra-low BLER requirements for CQI and FR2.
In the first round, the discussion is kept at the level of whether to introduce or not. The second round can discuss parameters if needed.
Sub-topic 3-1 CQI
Sub-topic description Whether to create CQI requirements
Open issues and candidate options before e-meeting:
Issue 3-1: Create ultra-low BLER CQI requirements 
· Proposals
· Option 1: Create ultra-low BLER CQI requirements (NTT DoCoMo, Qualcomm)
· Option 2: Do not create ultra-low BLER CQI requirements (Intel, Huawei, Ericsson, Apple)
· Recommended WF
· TBA
Issue 3-1b: Define applicability rule between Ultra-low BLER CQI requirements and FMCS requirements
· Proposals
· Option 1: Yes (Qualcomm)
· Option 2: No
· Recommended WF
· TBA

Sub-topic 3-2 FR2
Sub-topic description Whether to create FR2 requirements
Open issues and candidate options before e-meeting:

Issue 3-2: Create FR2 requirements and tests 
· Proposals
· Option 1: Create FR2 requirements and tests for ultra-low BLER (Intel, NTT DoCoMo)
· Option 2: Do not create FR2 requirements and tests for ultra-low BLER (Huawei, Ericsson, Nokia, Samsung, Qualcomm)
· Recommended WF
· TBA


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

	Ericsson
	Issue 3-1: We do not believe there is a need to create CQI requirements at ultra-low BLER. The high BLER CQI requirements demonstrate that CQI works reliably. The BS anyhow cannot follow CQI exactly at ultra-low BLER (since e.g. the CQI does not predict exactly future channel conditions, or future interference and also includes some UE measurement error… so the BS will need to allow a significant margin over CQI in order to ensure ultra-low BLER).
Issue 3-2: Although in our view some of the URLLC features are applicable to FR2 (e.g. reduced symbols due to limited transport block sizes), we believe that these will not be related to the 99.999% reliability aspect of URLLC but rather other less demanding URLLC applications.

	Qualcomm
	Issue 3-1: In our opinion, we should test CQI reporting with 1e-5 BLER to ensure proper UE processing based on BLER target of 1e-5. If we test it for higher MCS, we may end up in a situation where effective BLER is higher than 1e-5 in the field unless network takes it to very low MCS. This will degrade the overall system performance. To reduce the number of test cases, we have proposed an applicability rule between FMCS and CQI reporting test so that we only have to run one of those tests and verify both the requirements properly.
To Ericsson: Even in regular CQI reporting tests, there is no mandate on network to follow reported CQI from UE and it will add some margin while applying it in practice. But, we do verify UE processing to make sure UE is properly reporting CQI. So, in our opinion, we should do the same even for URLLC case to ensure proper UE processing. Otherwise, UE may just report some MCS which is based on higher BLER and network adds some margin and still end up with effective BLER higher than 1e-5. That will defeat the purpose of having CQI reporting test at all.
Issue 3-2: In our opinion, 1e-5 BLER practical use cases will mostly be deployed under FR1. So, we prefer not to create FR2 requirements.

	NTT DOCOMO
	Issue 3-1: We prefer Option 1. We prefer to intrude the CQI table 3 requirements with 10^-5 BLER since this table was introduced for the URLLC scenario.
Issue 3-2: We support Option 2. In our views, some URLLC features (e.g., New MCS table) 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.

	Intel
	Issue 3-1: Create ultra-low BLER CQI requirements 
Support Option 2. 
Based on our review of 38.521-4, early termination methodology is not used for CQI requirements and fixed test duration is considered:
1) Median CQI search: “Continue transmission of the PDSCH until 2000 wideband CQI reports have been gathered.”
2) BLER for Median CQI: “Continue to gather data until the number of filtered ACK+NACK responses reaches 1000.”
3) BLER for Median CQI+1 ot -1: “…record and filter the ACK, NACK and statDTX responses … until 1000 filtered ACK+NACK responses are gathered.”
This methodology is used to CQI table with BLER 0.1. If we reduce the BLER from 0.1 to 10^-5 then we assume that at least test time for BLER calculation should be increased by 10^4 (i.e. keep 2000 reports for median CQI search). We get ~5 hrs for 15 kHz SCS for testing of one SNR point in one test. However, we have two test for different SNR regions and two SNR points in each test. As result, testing of CQI for ultra-low BLER will take from 10 to 20 hrs for SCS 15 kHz, which is much longer than testing with fixed MCS
Issue 3-2: Create FR2 requirements and tests
We’ve proposed to introduce FR2 requirements, because we think that it is rather important to show that FR2 devices support operation in ultra-low BLER.

	Apple
	Issue 3-1: Create ultra-low BLER CQI requirements 
Option 2: Do not create ultra-low BLER CQI requirements. 
Issue 3-2: Create FR2 requirements and tests 
Option 2: Do not create FR2 requirements and tests for ultra-low BLER


	Nokia, Nokia Shanghai Bell
	Issue 3-2: Create FR2 requirements and tests
It is our understanding that for high reliability & high confidence level requirements, the use cases are mostly in FR1, due to generally improved coverage and reliability. Theoretical testing time in FR2 is reduced, but practical testing time might be increased due to higher technical requirements on the TE and test environment in FR2.
Hence we prefer option 2 (no FR2 requirements).

	Samsung
	Issue 3-2
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.


CRs/TPs comments collection
None
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#3-1 CQI requirements
	Tentative agreements: None
Candidate options: Whether to create ultra-low BLER CQI requirements:
· Option 1: Create ultra-low BLER CQI requirements (NTT DoCoMo, Qualcomm)
· Option 2: Do not create ultra-low BLER CQI requirements (Intel, Huawei, Ericsson, Apple)
Recommendations for 2nd round: No clear consensus; continue discussion in second round. Recommended as a candidate to discuss during call.

	Sub-topic#3-2 FR2 requirements
	Tentative agreements: None
Candidate options: Whether to create FR2 test:
· Option 1: Create FR2 requirements and tests for ultra-low BLER (Intel, NTT DoCoMo)
· Option 2: Do not create FR2 requirements and tests for ultra-low BLER (Huawei, Ericsson, Nokia, Samsung, Qualcomm)
Recommendations for 2nd round: No clear consensus; continue discussion in second round. Recommended as a candidate to discuss during call.



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

	#1
	Recommended to use a single WF for the whole thread to capture conclusions at the end of the 2nd round.
	
Moderator (Ericsson)




CRs/TPs
None
Discussion on 2nd round (if applicable)

Issue 3-1: Create ultra-low BLER CQI requirements 
· Proposals
· Option 1: Create ultra-low BLER CQI requirements (NTT DoCoMo, Qualcomm)
· Option 2: Do not create ultra-low BLER CQI requirements (Intel, Huawei, Ericsson, Apple)
· Discussion
· Please outline clearly what you think are the benefits of CQI requirements and also how many additional tests and test time is needed if requirements are included.
Issue 3-1b: Define applicability rule between Ultra-low BLER CQI requirements and FMCS requirements
· Proposals
· Option 1: Yes (Qualcomm)
· Option 2: No
· Recommended WF
TBA

Issue 3-2: Create FR2 requirements and tests 
· Proposals
· Option 1: Create FR2 requirements and tests for ultra-low BLER (Intel, NTT DoCoMo)
· Option 2: Do not create FR2 requirements and tests for ultra-low BLER (Huawei, Ericsson, Nokia, Samsung, Qualcomm)
· Discussion
· Please explain why you think FR2 ultra-low BLER applications could be relevant (or not). (Please note that higher BLER feature related requirements for FR2 are discussed in the other thread; this thread is only about ultra-low BLER tests). Also provide views on how much standardization effort is needed to include FR2 ultra-low BLER requirements.


	Company
	Comments

	Nokia, Nokia Shanghai Bell
	Issue 3-2: Create FR2 requirements and tests
The standardization effort to include FR2 is about as much as the effort for FR1, i.e., significant, but specification effort should only guide our decisions in extreme cases.
However, many manufacturers (including Nokia) have declared before that they don’t see FR2 as a supported use case for non-relaxed high reliability. 
We could agree to an applicability rule that allows to test either FR1 or FR2 but given the supporting majority against FR2 it seems like a specification effort without usage in the future. 

	Qualcomm
	Issue 3-1: One of the URLLC features was CQI table with 1e-5 BLER. We believe that it should be tested with 1e-5 BLER because that was the whole intention of defining this table in RAN1. At the same time, we have proposed to have an applicability rule between FMCS and CQI reporting test. So, number of tests will stay the same and we will be able to test the UE for both FMCS and CQI reporting under 1e-5 BLER. So, we don’t see any downside of defining CQI reporting tests with 1e-5 BLER. Therefore, we support Option 1.
Issue 3-2: We prefer Option 2 as we don’t see any practical scenarios for FR2 high reliability.

	Ericsson
	Issue 3-1: To Qualcomm – could you elaborate more on the applicability rule you propose. I assume FMCS test means the ultra-low BLER test we discussed up to now ? So with the applicability rule, if the CQI test passes there is no need for th FMCS test. If the CQI test fails then the Ue has failed conformance. So do you mean that there is then non need for an FMCS requirement ?

Issue 3-2: In our understanding, for FR2 there are scenarios where there is a need to deliver fixed data packets within a latency criterion and potentially with some level of reliability. However, there are different levels of reliability and latency levels for URLLC. We do not view the ultra-low BLER as realistic for FR2. For a demodulation requirement, even though it is in principle for baseband there is a need to consider the whole system performance to make sure the requirement is correct and works. We do not see the need for such work as it is difficult to envisage 10^-5 BLER in FR2.

	Samsung
	Issue 3-2:
Based on RAN1 Rel-15 URLLC enable case for evaluation, the targeting carry frequency is 3G and 700MHz, at least in Rel-15, the practical scenario is FR1.

	Intel
	Issue 3-1: As we mentioned in the 1st round discussion, different methodologies are used by RAN5 for fixed MCS requirements and CQI requirements. Methodology with early termination (which we analyzed before) is used for fixed MCS requirements. Same time, methodology with fixed testing time is used for CQI requirements. Based on observation above, our initial calculation showed that CQI testing time will be much higher than for fixed MCS (i.e. ~10-20 hrs vs. ~3 hrs). Therefore, we support Option 2.
Issue 3-2: Based on our understanding, all URLLC related features are applicable to any FRs. We think that it is rather important to verify that FR2 devices can operate in the ultra-low BLER. Same time, support of higher SCS in FR2 allows to reduce test time in comparison to FR1.

	Apple
	Issue 3-1: Create ultra-low BLER CQI requirements 
Option 2 – No CQI requirements for ultra-low BLER. Introducing CQI test in AWGN with ultra-low BLER target will require at least 2 tests to be run for a long time. The early termination methodology we have discussed for normal PDSCH demodulation test would not apply for CQI requirement testing. Also, CQI test with CQI table 3 cannot be introduced for a target BLER other than 1e-5. We don’t find it feasible and hence recommend not introducing CQI requirement for ultra-low BLER. For testing CQI table3, we propose to introduce test in fading channel. 
 Issue 3-2: Create FR2 requirements and tests 
Option 2 – Do not introduce requirements in FR2 for ultra-low BLER. We don’t see practical use cases for ultra low BLER and high reliability in FR2. Hence, we propose not to introduce requirements for these in FR2. 

	NTT DOCOMO
	Issue 3-1: Our motivation to introduce the ultra-low BLER CQI requirements is to ensure the functionality of CQI table for URLLC properly. We think it's enough to introduce one additional test.
Issue 3-2: 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.



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  

	R4-2005526

	The WF in R4-2005526 contains agreements and open issues after the 2nd round







