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Introduction
In the previous RAN4 meeting (RAN4#94e) many agreements were made concerning the NR Rel-16 relaxed high reliability and low latency BS demodulation requirements. These agreements are captured in the WF [1] and email discussion summary [2].
The WF also lists the remaining BS demod open issues, as:
· FR1 URLLC PUSCH demodulation requirement for high reliability with higher BLER
· SCS and CBW
· PUSCH aggregation level
· Number of PRBs
· DFT-s-OFDM
· FR1 URLLC PUSCH demodulation requirement for high reliability with higher BLER and/or confidence level
· Safety critical aspects
· FR2 URLLC PUSCH demodulation requirement for high reliability with higher BLER
· FR2 requirements for high reliability
· Test applicability rule for FR1 and FR2
· SCS&BW for FR2
· URLLC low latency demodulation requirements for PUSCH mapping Type B
· FR1 SCS and CBW
· FR2 requirements for low latency
· FR1 TDRA
· FR1 DM-RS configuration
· FR1 MCS
· FR1 PRB
· FR1 Test metrics
· FR1 DFT-s-OFDM
In this contribution, we will express our views on the above listed issues.
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BS FR1 URLLC PUSCH demodulation requirement for high reliability with higher BLER

SCS and CBW for FR1
The list of SCS and CBW combinations in FR1 to test is not yet closed [1]:
	· SCS&BW for FR 1
· 10MHz/15kHz
· 40MHz/30kHz
· Other sets are not precluded



RAN4 to not include further SCS and CBW combinations in FR1.


PUSCH aggregation level
The PUSCH aggregation level is one of the open issues [1]:
	Issue 1: PUSCH aggregation level
· Option 1: 2
· Option 2: 4 
· Option 3: 2, 4  
· Option 3: 8 



We think 4 is the most likely use case for the discussed relaxed BLER targets. An aggregation level of 8 would also be acceptable from a use case point of view but would unnecessarily complicate testing. A factor of 2 is too low to stress the receiver implementation in terms of memory, i.e., how long previous samples or LLRs quantities need to be buffered and managed in L1/L2.
RAN4 to consider a single PUSCH aggregation level of n4.


Number of PRBs
The number of PRBs to be allocated in the CBW (short: FDRA) was not agreed in the last meeting [1]:
	Issue 2: Number of PRBs
· Option 1: 25 
· Option 2: Full bandwidth
· Option 3: Other options not precluded (depending on bandwidth set)



Our observations from previous simulation campaigns have not changed, see for example [3]:
The widest possible FDRA should be chosen to avoid error floors caused by frequency selective propagation conditions (“deep fades” inconveniently placed in the FDRA), thanks to frequency diversity.
In the best case the full applicable test CBW should be chosen for the FDRA. 
Frequency diversity is cornerstone in the design of high reliability products. For non-AWGN channel models it is a must for reliable system operation. For AWGN channel we can compromise.
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.
RAN4 to consider option 2 for the number of RB for PUSCH (FDRA covering full CBW).

DFT-s-OFDM
The introduction of DFT-s-OFDM was left open in the last meeting [1]:
	Issue 3: Whether to introduce DFT-s-OFDM: 
· Option 1: No 
· Option 2: Yes 



We think that is not justified to double the test load for DUTs that support both CP-OFDM and DFT-S-OFDM.
CP-OFDM as a baseline is sufficient for minimum performance requirements.
RAN4 to not have high reliability & high confidence level test requirements for DFT-s-OFDM.



BS FR1 URLLC PUSCH demodulation requirement for high reliability with higher BLER and/or confidence level

Safety critical aspects
Nokia has repeatedly made an effort to clarify the relationship between 3GPP RAN4 demodulation performance requirements and certification bodies for high reliability hardware/software [1]:
	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. 



This previous proposal from Nokia is aimed exclusively at high reliability & high confidence level use cases/requirements. It is unclear, if this topic should be discussed in the test feasibility or test requirement agenda item.
The exact wording is not critical, and we would be happy to change it based on input from other companies.
The safety critical aspect disclaimer is exclusively at high reliability & high confidence level use cases/requirements.
Or opinion on why this disclaimer is needed, is captured in the above extract of the WF.
Needs to be clarified in 3GPP test specification.



BS FR2 URLLC PUSCH demodulation requirement for high reliability with higher BLER

FR2 requirements for high reliability
The question of whether to define BS FR2 URLLC performance requirements for high reliability or not was raised close to the end of the last meeting [1]:
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· Proposals 
· Option 1: Do not define 
· Option 2: Define. 



We don’t think that FR2 is a common enough use case for high reliability communication.
Furthermore, the reliability of demodulation does not depend on the chosen FR, hence no FR2 requirements are needed.
FR2 is not a common use case for high reliability communication. The reliability of demodulation does not depend on the chosen FR.
Do not define BS FR2 URLLC performance requirements for high reliability.


Test applicability rule for FR1 and FR2
Assuming that FR2 requirements are agreed to be included, the applicability rules need to be decided [1]:
	Issue 2: Test applicability rule for FR1 and FR2 performance requirements if both requirements are defined
· Proposals 
· 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 



The both options, as captured by the WF, are equal for a BS that supports both FR1 and FR2.
The spirit of the discussion in RAN4#94e was whether a BS that supports both, needs to test both, or if it can choose to only test one. The latter would mimic the applicability rules in Rel-15 for PUSCH and type A/B support (among other Rel-15 performance requirements).
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/
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).


SCS and BW for FR2
Assuming that FR2 requirements are agreed to be included, the SCS and CBW combinations to test need to be decided [1]:
	Issue 3: 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 



Option 2; Do not introduce FR2 URLLC PUSCH demodulation requirement for high reliability with higher BLER.



BS demodulation requirements for low latency


URLLC low latency demodulation requirements for PUSCH mapping Type B
The list of open configuration parameters for low latency demodulation requirements is long, we will try to be rather concise in this section. 

FR1 SCS and CBW
The list of SCS and CBW combinations in FR1 to test is not yet closed [1]:
	· SCS/BW:
· 15 kHz/10 MHz and 30 kHz/40 MHz with defined test applicability rule
· Other sets are not precluded



RAN4 to not include further SCS and CBW combinations in FR1.


FR2 requirements for low latency
The question of whether to define BS FR2 URLLC performance requirements for low latency or not was raised close to the end of the last meeting [1]:
	Issue 1: Whether to define requirements for BS FR2 URLLC performance requirements for low latency
· Option 1: Do not define  
· Option 2: Define



Low latency and FR2 is certainly a more common use case then high reliability and FR2.
However the demodulation performance of any FR2 testing will be dominated by the general challenges with FR2, and not the particular challenges of low latency features in FR2.
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.


FR1 TDRA
The length of the TDRA (time domain resource allocation) is among the open issues from the last meeting [1]:
	 Issue 2: Symbol length (L) 
· Option 1: 4os 
· Option 2: 2os 
· Option 4: 7os 
· Option 5: 2os and 7os  



Nokia can agree to either 5 symbols or 7 symbols.
We want to harness the reliability gains and FOE (frequency offset estimation) capabilities of two DM-RS, at the shortest TDRA possible; or least without increasing the maximum “DM-RS to data distance” (i.e., 5 or 7 symbols are acceptable in type B mapping).
RAN4 to choose 5 or 7 as length of the TDRA.


FR1 DM-RS configuration
The DM-RS additional position question for FR1 was left open [1]:
	Issue 3: DM-RS configuration Type 1 with single symbol
· Proposals for symbol lengths of 7os if agreed
· Option 1:1+0 
· Option 2: 1+1 



The main interest in choosing a TDRA length of >=5 (in type B DM-RS mapping) is to exploit the second DM-RS symbol, e.g., for TO estimation or FO estimation. 
We should allow for such uses by choosing option 2.
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.


FR1 MCS
Furthermore, the MCS choice was not agreed in [1]:
	Issue 4: MCS
· Option 1: MCS 5 from Table 3 
· Option 2: MCS 21 (658/1024) from Table 2 



The payload in low latency applications is expected to be small. Hence one can use coding gain to improve reliability. High modulation orders do neither seem to be required nor part of a use case; MCS 5 is sufficient.
We don’t see a need to test the high SNR use case, as it should be easier to achieve than the low SNR case.
However, as a compromise we could envision to test two MCSs, but priority should be given to the new extremely low coding rates afforded by the new table 3.
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. 


FR1 PRB
The number of PRBs is also open [1]:
	Issue 5: Number of PRB 
· Option 1: full bandwidth 
· Option 2: A fixed number of RB 




Nokia prefers to test with the largest possible number of RBs. It seems more useful to know the minimum performance for the “worst case” and then observe gains by restricting FDRA to the practical payload.
However, for low latency the payloads are expected to be small in all cases, hence we do not insist 
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.


FR1 Test metrics
The test metric for low latency was an open issue in the last meeting [1]:
	Issue 6: Test metrics
· Option 1: 70% throughput 
· Option 2: 10% BLER (= 90% throughput) 



Note that relative TPUT numbers and BLER targets have a one-to-one mapping between them, i.e., one can be expressed in terms of the other. For example:
· 10%BLER (per transmission) ~= 95% TPUT 
· Precisely: 94.82% for 4 HARQ transmissions. 
· From the calculation 1*0.9+1/2*0.1*0.9 +1/3*0.1*0.1*0.9 +1/4*0.1*0.1*0.1*0.9 +[0*0.1*0.1*0.1*0.1] =0.9482. 
· See R4-1911197 for an extensive note about our understanding of the relationship between TPUT and number of reTx.
· 10% BLER (per TB including reTx) = 90% TPUT.
We have previously decided that the BLER values in URLLC are to be taken after HARQ transmission, hence 10% BLER is equal to 90% TPUT.
In URLLC re-transmission are to be avoided, as re-transmissions increase latency.
By setting a lower BLER target, we can reduce average latency for URLLC.
Setting a higher BLER target, reduces the average latency in test.
Even though we have previously agreed to not test with performance metric “delay”, the lower BLER target represents a practical configuration of the NR system.
Chose test metric 90% TPUT for low latency requirements.


FR1 DFT-s-OFDM
Also, the addition of DFT-s-OFDM requirements is among the open issues [1]:
	 Issue 7: Whether to introduce DFT-s-OFDM: 
· Option 1: No 
· Option 2: Yes 



We think that is not justified to double the test load for DUTs that support both CP-OFDM and DFT-S-OFDM.
CP-OFDM as a baseline is sufficient for minimum performance requirements.
RAN4 to not have low latency test requirements for DFT-s-OFDM.



Conclusion
In this contribution we have provided our views on many issues concerning the NR Rel-16 relaxed high reliability and low latency BS demodulation requirements.
We have made the following observations and proposals:

BS demodulation requirements for high reliability
SCS and CBW for FR1
1. RAN4 to not include further SCS and CBW combinations in FR1.

PUSCH aggregation level
RAN4 to consider a single PUSCH aggregation level of n4.

Number of PRBs
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.
RAN4 to consider option 2 for the number of RB for PUSCH (FDRA covering full CBW).

DFT-s-OFDM
RAN4 to not have high reliability & high confidence level test requirements for DFT-s-OFDM.

Safety critical aspects
The safety critical aspect disclaimer is exclusively at high reliability & high confidence level use cases/requirements.
Needs to be clarified in 3GPP test specification.

FR2 requirements for high reliability
FR2 is not a common use case for high reliability communication. The reliability of demodulation does not depend on the chosen FR.
Do not define BS FR2 URLLC performance requirements for high reliability.

Test applicability rule for FR1 and FR2
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/
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).

SCS and BW for FR2
Option 2; Do not introduce FR2 URLLC PUSCH demodulation requirement for high reliability with higher BLER.


BS demodulation requirements for low latency
FR1 SCS and CBW
RAN4 to not include further SCS and CBW combinations in FR1.

FR2 requirements for low latency
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.

FR1 TDRA
RAN4 to choose 5 or 7 as length of the TDRA.

FR1 DM-RS configuration
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.

FR1 MCS
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. 

FR1 PRB
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.

FR1 Test metrics
Setting a higher BLER target, reduces the average latency in test.
Chose test metric 90% TPUT for low latency requirements.

FR1 DFT-s-OFDM
RAN4 to not have low latency test requirements for DFT-s-OFDM.
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