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[bookmark: _Ref409106980]Introduction
Link-level evaluation assumptions and performance metrics has been discussed from RAN1#92 to RAN1#93.
It has been agreed that the following evaluation metrics are adopted for NOMA study from link level point of view.
Agreements:
· Adopt the following table as the metrics for NOMA study from link level point of view.
·  More metrics may be added in the future
	Performance metrics 
	BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}  
Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
MCL

	Implementation related metrics
	PAPR/cubic metric
Rx complexity and processing latency
FFS:  Configuration/Scheduling flexibility



An email discussion was assigned to decide the templates of reporting LLS evaluation results, so that companies can provide the evaluation results and make the performance comparison by the next meeting. 
The email discussion is organized into two steps:
· Step 1: Summarize companies’ views and identify necessary clarifications on the presentation of the link-level evaluation results. 
· Target an intermedium deadline of 7/15/18.
· Step 2: Drafting the spreadsheets for reporting the LLS evaluation results based on the summary.
· Target an agreement and finalize the spreadsheets by 8/3/18.
Evaluation metrics
BLER vs. SNR
BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}.
· Alt. 1: Provide one BLER vs. SNR curve per pair of {TBS, UE number}. 
· Alt. 2: Provide SNR @ target BLER per pair of {TBS, UE number}, similar to Rel.14. This can be derived from BLER vs. SNR curves.
The trade-off is between completeness (left plot in Figure 1) and conciseness (right plot in Figure 1).
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[bookmark: _Ref517180685]Figure 1 Illustration of reporting the BLER vs. per UE SNR

Q1: Which alternative(s) is preferred?
	Company
	Views

	ZTE
	Both Alt. 1 and Alt. 2 can be provided.

	CATT
	In OMA calibration, BLER vs. SNR curves are provided. BLER vs. SNR curve can provide more information than SNR @ target BLER and we think SNR @ target BLER can be shown in sum throughput vs. SNR. Therefore, we prefer Alt.1 (BLER vs. SNR curve).

	Ericsson
	At least Alt. 1 should be provided, and Alt 2 can be optionally provided, since Alt. 2 simply presents a subset of Alt 1’s results.  
A couple of general comments that should be taken into account when selecting link level results for comparison:
Our understanding is that the receivers should be of the same approximate complexity if the NOMA transmission schemes require different receivers.
Comparison at similar channel code rates gives better insight into the relative performance of NOMA signatures than when the code rates are different.  This implies that the free parameters of modulation state, PRB size, and spreading length, etc., may need to be set accordingly.
Moreover, link level results are not useful in comparing the relative or absolute benefit of different NOMA schemes, since each set of link results is a snapshot of a region in a cell.  Results from Alt 1 can be used to diagnose different behaviors, to help determine the impact of and/or model impairments, and to develop link to system mappings.   Such analyses are generally not possible without BLER results over some range of SNRs.

	Samsung
	As commented by CATT and Ericsson, Alt. 1 provides more information. However, Alt.2 seems to be a simpler way for capturing the results. We can be fine with either.
Agreed with Ericsson that we should select results from receivers of same approximate complexity (same receiver is even encouraged) for fair comparison. 
It seems to be necessary to clarify that the same effective coding rate has been given under the constraint of same TBS and # of PRBs for fair scheme-wised comparison, while the code block size and code rates of channel encoder could be different for sure (scheme-dependent) which really matters for performance comparison between schemes with and without symbol-level spreading. For the comparison among those sequence spreading based schemes, it makes sense to align the modulation order, spreading length and # of layers from a single UE for better understanding the spreading sequence design, as suggested by Ericsson. 

	Huawei
	· To reflect the system overloading capability at different TBS for a given traffic/scenario, and capture the trend of required SNR with respect to system loading in order to meet given BLER requirement, we propose to use
Alt. 3: Required SNR @target BLER vs. #UE for each TBS
An example is shown below, i.e. Figure 9 (b) of R1-1807024 (InterDigital). Other examples are Figure 1 and 2 of R1-1805911 (Huawei).
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This is equivalent to Alt.2 for any given pair of {TBS,#UEs} while at the same time providing more insights than the bar figures in Alt. 2, since the system overloading capability at different TBS could be different. 
· BLER curves, as given in Alt. 1 shall also be provided as reference to help understand the whole performance.

	NTT DOCOMO
	At least Alt. 1 should be provided because that the results of Alt. 2 can be obtained from Alt. 1. Alt. 2 can be optionally provided as a reference for quick comparison.
Note that in addition to compare different NOMA schemes, the results of Alt. 1 are also helpful for calibrations between different companies.

	InterDigital
	Alt. 1 is preferred. We find Alt. 2 format incomplete and inconclusive. As suggested by Huawei, we believe Alt.3 could also be considered as an effective way to provide further insight on the behavior of each scheme under different overloading conditions.

	Qualcomm
	In addition to the plots, the BLER vs. SNR data should be provided as a spreadsheet to simplify comparisons. For visual presentation, both Alt1 and Alt2 can be obtained from this data.

	Nokia/NSB
	Similar to other views expressed above, we prefer Alt1. This is a more comprehensive set of results. Alt2, if required can be obtained from the Alt1 results.
[bookmark: _Hlk519656351]As described in R1-1806933, there are two methods for evaluating the performance of NOMA schemes. In one method, the MCS is held constant, as the number of per-UE-PRBs is allowed to vary with the spreading factor. In the second method, the total NOMA PRBs is the same as the per-UE-PRBs, and the MCS is allowed to vary with the spreading factor. Companies should report on the method used in the simulation, and should also report the MCS. 
When comparing NOMA schemes, the evaluation should consider the same total number of UEs occupying the same number of PRBs at the same TBS. 

	Hughes
	Alt. 1 is preferred as it provides a more complete picture of the performance especially with respect to location of error floors. We don’t object additional data.

	Intel
	Alt. 1 is preferred as the baseline. Either alt. 2 or alt. 3 (suggested by Huawei) can be also considered as an optional metric and it seems that alt. 3 can provide more intuitive comparisons compared to alt. 2.

	ETRI
	Based on our understanding, Alt. 1 shows how intra-user interference is handled by the NOMA scheme, and it also shows NOMA’s multi-user overloading/detection performance in relation to single user case. Alt. 2 result can be used for sum throughput vs SNR.  However, the receiver complexity needs to be the same for comparing NOMA BLER vs SNR schemes.  In summary, we think both Alt. 1 and Alt. 2 are informative.

	Vivo
	Alt. 1 is preferred. Alt. 2 can be also provided, though it can be obtained from the BLER vs. SNR.

	Sony
	At least Alt. 1 should be provided, and Alt 2 can be optionally provided.

	LGE
	At least Alt. 1 should be provided, and Alt 2 can be optionally provided. In addition, the simulation cases (e.g., pair of {TBS, UE number}, channel estimation error, …) need to be further discussed in next meeting.



Sum throughput vs. SNR
Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}.
· Alt. 1: Sum throughput vs. total SNR 
· Alt. 2: Sum throughput vs. per UE SNR
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Figure 2 Illustration of reporting the sum throughput vs. SNR

Q2: Which alternative is preferred?
	Company
	Views

	ZTE
	Alt. 1 should be adopted, since Alt. 2 does not provide any different information compared to BLER vs. per UE SNR.

	CATT
	First of all, we would like to clarify that for each curve in the figure, the TBS should be fixed. Between Alt.1 and Alt.2, Alt.1 is preferred considering the case when the difference between per UE SNR is marginal with different number of UEs for a fixed TBS. Note that in this case, the sum throughput can be quite different for different number of UEs.

	Ericsson
	In short, at least Alt 2. should be adopted, with the (hopefully obvious ) understanding that sum throughput is reported as the throughput observed from all UEs from simulations where gNB receives multiple NOMA PUSCHs simultaneously.  (The terms ‘total SNR’ and ‘per UE SNR’ are a bit confusing to us, as discussed below).  Also, ‘per UE SNR’ here should naturally not preclude the case where UEs are at different average SNR, so this should be clarified.
Alt 1 assumes rather static conditions and generates an approximate throughput.  It approximates throughput by assuming that lost packets are recovered somehow and with a fixed value of BLER for each (re)transmission.  This does not reflect where HARQ, fast power control, and/or dynamic link adaptation are used, whereas Alt 2 could do so.   
Then on the specifics of Alt 1, the definition of total SNR is not clear to us.  With some number of UEs (‘N’) transmitting with TBS size, why is the 10*log10(N) factor needed, since we know the throughput from N UEs given the link sims in the right side of the figure?  Also, this kind of scaling seems to assume that the required SNR increases exactly as 10*log(N), so the intention is to use it to interpolate among simulations with close number of UE, or?  Perhaps some more detailed explanation of the mapping in Alt 1 would help.
But again, since link level simulations are a diagnostic tool and should not be used to determine the net gains of NOMA schemes: while at least a modified Alt 1 without the 10*log10(N) mapping might have some uses as an approximation under the conditions that match its implied assumptions, Alt 2 is more generally useful given its greater clarity and its ability to better capture retransmission and dynamic behaviors.

	Samsung
	Alt. 1 is preferred.

	Huawei
	The agreed metric, as listed in part 1, is “sum throughput vs. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}”, which means the sum throughput should be captured at the given #UE and TBS (equivalent to SE since allocated bandwidth is fixed). 
Thus, the agreed performance metric of “Sum throughput vs. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}” is merely a representation of the performance metric “BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}”. Note that all link level information should already have provided by section 2.1.
The proposed alt1 and alt2 in this section do not follow the agreed metric of “Sum throughput vs. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}”. The following is our understanding of how to provide the results according to the agreements.
An example is shown below, i.e. Figure 9 (a) of R1-1807024 (InterDigital).
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	NTT DOCOMO
	Same TBS should be used for one curve, as it is not easy to consider different combination cases of TBS and UE number for link level simulation considering the LLS workload. The performance results can be shown by given specific {per UE TBS, # of UEs}
Regarding the 10*log(N) term, more detailed explanation may be needed due to potential different calculation methods for average SNR. It is better to first discussion the definition of average SNR. Before that Alt. 2 with fixed TBS is preferred.

	InterDigital
	We do not support Alt. 1. In meeting #92, we had already agreed to the following definition for performance metric:
Agreements:
	Performance metrics 
	BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}  
Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
MCL 


 



We find the above agreement clear, and we are not sure if any change would be needed. If a clarification on “per UE SNR” is needed, then we should only discuss that part. As mentioned by Huawei, we have already reported our results based on the above agreement in one of our earlier contribution.

	Qualcomm
	Alt 1 is more meaningful from a network operation point of view since it indicates what total received signal power the network would need to handle. Per UE SNR is already employed as part of the performance metric in the BLER comparison, and re-employing it here instead of considering the total SNR would reduce the amount of provided information.

	Nokia/NSB
	We prefer Alt 1, i.e. use the total SNR (across all UEs) on the horizontal axis.
As pointed out by Huawei, there should be one curve for each TBS, with the points on that curve representing different number of UEs.

	Hughes
	Alt. 2 is preferred as it is a more suitable metric in the context of uplink transmission.

	Intel
	We support the view from Huawei given that we already have the agreement on “Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}”. We may not need to re-discuss this issue again.

	ETRI
	Based on our understanding, both Alt. 1 and Alt. 2 are re-represented link level performance result of 2.1.  Therefore, Alt. 2 can be derived from 2.1, as the same applies for Alt. 1.  The SNR at gNB’s point of view is the total received signal power over the noise generated at the receiver, thus, Alt. 1 seems more useful than Alt. 2.

	vivo
	The definition of total SNR in Alt. 1 is not clear enough for us. Besides, further clarification is needed how to derive per UE SNR when unequal SNR is assumed. Alt. 2 may not be necessary since it provides no more information than the BLER vs. SNR performance.

	Sony
	Alt. 2 is preferred.

	LGE
	Alt. 1 is preferred. In addition, as mentioned by Huawei and Nokia/NSB, there should be one curve for each TBS, and the points on the curve represent a different number of UEs.



Set of UE numbers for 2.1 and 2.2
As agreed, the two metrics BLER vs. SNR and sum throughput vs. SNR will be provided for each pair of {TBS, #of UEs}. There are at least 5 TB sizes defined in the simulation assumptions. A set of UE numbers should also be aligned during the email discussion.

Q3: What range of UE number is preferred?
	Company
	View

	ZTE
	Up to 24 for TBS = [10, 20] (mMTC) and [20, 40] (eMBB);
Up to 12 for TBS = [40, 60, 75] (mMTC), [80, 120, 150] (eMBB), and [10, 20, 40, 60, 75] (URLLC);

	CATT
	We think the number of UEs should not exceed the number of orthogonal DMRS ports supported in NR Rel-15, i.e., up to 12 UEs for CP-OFDM and up to 8 UEs for DFT-s-OFDM.

	Ericsson
	We don’t see a need to restrict the range that can be evaluated at this time, since conditions that limit the number of comultiplexed UEs require further study.  The number of UEs that can be comultiplexed in NOMA depends on a variety of parameters, including modulation state, number of PRBs, etc.
However, companies should identify any differences in their NOMA transmission scheme over Rel-15, in particular when their DMRS design is different from Rel-15.  

	Samsung
	The supportable number of UEs and/or layers multiplexed on a set of PRB by NOMA depends on several factors including the capacity of DMRS, coding rate (i.e. TBS) and receiver complexity etc. 
Although it is better to have some aligned numbers for comparative study, it is hard to give the proper numbers for now for different TBSs and PRBs before observations from simulations. But, from DMRS point of view, we may consider the extension of NR DMRS, and we would like to consider up to 24 UEs (for larger TBS and relatively low cost receiver, probably smaller # of UEs for simulations).

	Huawei
	For better calibration/alignment of NoMA evaluations, a set of UE numbers with proper values can be defined after obtaining more curves from Q1. 
In system level evaluations, link level curves for all different number of UEs used by the scheduler shall be generated to provide the link-to-system mapping, with a granularity of 1 UE up to the maximum number of multiplexed UEs by the scheduler. It is also noted that system level evaluation with the agreed traffic model can reflect the most frequently used number of multiplex UEs.
For any number of multiplexed UEs that exceeds the Rel-15 DMRS design, clarification of DMRS extension is needed by proponents and the link level evaluations shall capture the performance impact due to the corresponding DMRS extension.

	NTT DOCOMO
	Note that overloading is a very important parameter for NOMA schemes compared with OMA case. In order to have clear understanding of different NOMA schemes, no restriction is preferred.
For evaluation propose, we would like to consider up to 36 UEs at least for mMTC cases. 

	InterDigital
	In principle, we share the view that there should not be any restriction on the number of supported UEs. However, we should keep in mind that in the absence of a common DMRS design to support overloading cases beyond R-15 DMRS capability, we may have to either rely on an ideal CHEST or a CHEST error model to assure a fair performance comparison across the schemes. In other words, we need to make sure that DMRS design assumptions would not contaminate NOMA scheme comparison for high overloading scenarios.

	Qualcomm
	The maximum number of UEs should be scalable with PRB allocation, TBS, and the number of Rx antennas.
We agree that it is not critical to restrict the maximum number of UEs at this point and would be ok with deferring the decision.

	Nokia/NSB
	At this stage, we should not restrict the number of UEs. The number of UEs has to be compatible with the DMRS design. As agreed in the RAN1#93 meeting, the NR release 15 DMRS design is used for up to 12 antenna ports. If more than 12 UEs are simulated, then the DMRS design should be described.
Reporting should include the DMRS overhead and the number of antenna ports.

	Hughes
	We think that there should not be any restriction on the number of supported UEs. As a matter of fact, it would be very useful if the companies increase the number of UEs to the point where the proposed NOMA scheme shows significant performance degradation.  
Regarding the simulation results with high number of UEs and realistic channel estimation, it is our understanding that companies may extend the DMRS symbols while incorporating the resulting overhead in their spectral efficiency figures.

	Intel
	It may be early to have any restriction on the number of UEs. Depending on further discussion, e.g., whether random MA signature selection is used or not, the number of users can be differentiated. 

	ETRI
	Agree in principle that the supported number of UEs should not be restricted.  However, it is obvious that the supported number of DMRS ports is in close relation to the number of supported UEs, and perhaps this could be the practical upper bound on the maximum number of supported UEs.

	vivo
	Although it may be beneficial to restrict the cases of number of UEs for simulation, it is not necessary to put a limit on the maximum number of UEs for this study. A large number of UEs considering DMRS capacity would be one of cases that we need further investigation in NOMA SI.

	Sony
	Specified set of numbers of UEs to allow comparison of different schemes. Companies can in addition simulate other numbers of UEs not in the specified set.

	LGE
	We also think the number of UEs should not exceed the number of orthogonal DMRS ports supported in NR Rel-15. However, since the procedures related to NOMA are not decided, it is not necessary to put a limit on the maximum number of UEs, if impact by DMRS extension or proponent’s proposed procedures is considered.



MCL
MCL calculation in NR SI can be reused.
Table 1 Template for providing the MCL
	Scheme
	

	Channel estimation
	

	number of UEs
	

	Spectrum Efficiency (bits/RE)
	

	(1) Tx Power (dBm)
	

	(2) Thermal noise density (dBm/Hz)
	

	(3) eNB receiver noise figure (dB)
	

	(4) Interference margin (dB)
	

	(5) Occupied channel bandwidth (Hz)
	

	(6) Effective noise power
= (2)+(3)+(4)+10 log ((5)) (dBm)
	

	(7) Required SINR (dB)
	

	(8) Receiver sensitity =(6)+(7) (dBm)
	

	(9) Reciever processing gain
	

	(10) MCL = (1) - (8) + (9) (dB)
	



Q4: Any comments on the MCL calculation?
	Company
	View

	CATT
	We would like to clarify that the MCL is only for mMTC and the MCL is calculated based on the assumptions agreed for mMTC.

	Ericsson
	We would like to better understand what the MCL calculation is to be used for prior to agreeing to how it is determined.  Extended range is not in the scope of the NOMA study.  Will this MCL always assume that the number of UEs is greater than 1 (otherwise, why would NOMA be configured?).  Also, since interference should be taken into account, how will the (non-zero) interference margin be determined?

	Samsung
	Need to clarify the purpose of reporting MCL in this NOMA SI, as LPWA is not in the scope of mMTC scenario anymore. 

	Huawei
	Our understanding of the MCL metric is mainly for LPWA use cases. The metric of MCL was agreed in the Feb RAN1 meeting and then in March RAN plenary meeting, it was agreed that LPWA shall not be studied in Rel-16 NR items. Thus, it needs to be reconsidered whether the MCL metric is needed any more, and if yes, how the group intends to use this metric when comparing different NoMA transmission schemes. 

	NTT DOCOMO
	Similar views with Samsung and Huawei. Need to consider if we still need such metric.

	InterDigital 
	Agreed with above comments. We do not mind including MCL metric, however we first need to clarify its purpose given the decision on LPWA.

	Qualcomm
	MCL is useful to ensure that the cell coverage of NOMA is not degraded in EMBB and URLLC compared to current Rel15. 
The receiver processing gain (9) in Table 1 should not be part of the MCL calculation since it is already reflected in the required SINR (7).

	Nokia/NSB
	As pointed above, LPWA is not part of release 16 NOMA study item, hence clarification is needed for the purpose of reporting the MCL.

	Hughes
	It seems like the group needs additional discussion to reconcile the relevance of MCL.  In addition, MCL for one user is the same as that for the OMA calibration results, for which the companies pretty much align.  The  MCL to be reported here should be at the value when the scheme is operating at, say 75% [TBD] load of the claim total number of users.

	Intel
	Agree with Qualcomm that MCL may be meaningful at least in order to check that there is no degradation of the cell coverage by the introduction of NOMA.

	ETRI
	Although coverage is in the scope of the SID, need to clarify why this metric is important to be used as a comparison tool of proposed NOMA schemes.  As long as the NOMA schemes meet the expected coverage, the purpose of extending the coverage is a different unrelated topic to NOMA, given the decision on LPWA.

	vivo
	Such metric is not necessary.

	Sony
	Same as Samsung’s view. Need to clarify this purpose.

	LGE
	Similar views with many companies. It is better to consider whether we still need such metric.



PAPR/CM
Statistic of PAPR and CM for each given pair of {waveform, modulation order} can be reported, as shown in Figure 3. Both OFDM and DFT-s-OFDM should be reported, and the modulation order can be QPSK, 16QAM, and 64QAM according to the candidate TB sizes.


	Simulation case
	Cubic Metric

	Waveform + Modulation order
	[max_CM, min_CM]

	…
	


[bookmark: _Ref516846128]Figure 3 Illustration of reporting the PAPR/CM
Q5: Any comments on the statistics of PAPR/CM?
	Company
	View

	ZTE
	We can take the bandwidth of 6PRB and 15kHz SCS for the evaluation.

	CATT
	We would like to clarify that PAPR/CM evaluation is only for mMTC. The assumption of BW and SCS proposed by ZTE is fine with us.

	Ericsson
	In short, we would like further discussion of what to report for “PAPR/CM”, rather than reporting just [max_CM, min_CM].  
Our understanding of the intention of the agreement to use PAPR/CM is that PA efficiency should be considered in the NOMA study.  PAPR/CM is not a sufficient metric in of itself to determine the amount of PA backoff needed.  
Also, the net benefit of low PAPR/CM waveforms should be determined.  This is a function of the conditions the UE experiences over the entire cell, rather than for example at the cell edge.  Furthermore, low PAPR/CM waveforms can have worse performance by making equalization more difficult, and so some of the gains from lower CM may be offset by having to power the UE up more.  Therefore, metrics such as PAPR/CM should not be considered in isolation, but take into account the required transmit power.

	Samsung
	At least the PAPR/CM of NOMA schemes with OFDM waveform and with QPSK should be reported, and carefully compared with the PAPR/CM of NR OFDM with QPSK. Higher modulation orders (16QAM and 64QAM) are optional as best effort work.
Similar to Ericsson comments, we are concerning the pain from DFT-S-OFDM waveform. The DFT-S-OFDM waveform may have worse link performance, so the CP-OFDM waveform for UL is encouraged in NR as long as there is no coverage issue. In other words, it should be expected that UL PAPR/CM of NOMA Tx is comparable to that of NR OFDM waveform with QPSK, such that gNB does not need to change the waveform configuration for OMA and NOMA as much as possible. It is not reasonable to use DFT-S-OFDM waveform for NOMA when there is no issue for NR OMA with OFDM waveform. 

	Huawei
	For PAPR, the way to calculate shall be clarified and aligned before results collection. For example, the CCDF can be generated based on the PAPR of each slot or the ratio of the power of each sample over the mean power of all the samples over N slots, and whether RS is calculated etc. 
For CM, as has been shown by some contributions, different MA signatures may lead to different values. Whether to capture a range or a mean value or some other ways should also be clarified. 
The PAPR or CM is intended to assess the corresponding PA backoff or PA efficiency. Implementation based approach to reduce PA backoff shall also be considered. It also needs further discussion on how to use this metric when comparing different NoMA transmission schemes.

	NTT DOCOMO
	ZTE’s Proposal is fine for us. A range of cubic metric is a good reference to show the PAPR/CM performance.
As both DFT-s-OFDM and CP-OFDM are supported for UL transmission in NR. The metric for both waveforms should be reported.
If some more accurate models rather than cubic metric are found, such metrics can be also considered.

	InterDigital
	We are generally OK with the basic suggested figures by ZTE. However, since PAPR/CM metrics were defined as an implementation aspect rather a performance metric, we should first discuss measurement methodology and conclusiveness of such metric given its impact on receiver complexity. 

	Qualcomm
	DFT-s-OFDM waveform should be supported in LLS evaluations to ensure that NOMA can utilize the entire coverage region of Rel15 NR EMBB and URLLC. In NR, DFT-s-OFDM waveform on PUSCH is mandatory, and long PUCCH formats are specified to use DFT-s-OFDM waveform only.
Moreover, PAPR/CM is a useful metric to differentiate cases when BLER results that do not model PA backoff are comparable. 

	Nokia/NSB
	[bookmark: _Hlk519657121]For PAPR/CM performance, in addition to reporting the range of CM, we should also report the [5%]-point of the CCDF of the PAPR.
As pointed above by Ericson and Samsung, we should take the overall performance into account when comparing PAPR/CM of different NOMA schemes.

	Hughes
	We don’t have any issue with ZTE’s proposal.

	Intel
	We are OK with the suggestions from ZTE

	ETRI
	We are fine with the ZTE’s proposal.  In addition, need to clarify what are the typical MCS sets to be represented as a general measure of the proposed NOMA’s PAPR/CM.

	vivo
	We do see a need to provide PAPR/CM performance when evaluating NOMA performance. Also we share the similar view that overall performance needs to considered.
Besides, for both eMBB and mMTC, DFT-s-OFDM waveform should be supported, considering it can benefit coverage and PAPR.

	Sony
	We are fine with the ZTE’s proposal.

	LGE
	We don’t have any issue with ZTE’s proposal. In addition, we fully agree with Qualcomm’s opinion.



Receiver complexity and processing latencyAgreements:
· In performing performance evaluation, companies should provide analysis of receiver complexity. Particularly (with details FFS):
· Detector complexity 
· Decoding complexity
· Interference cancellation complexity, if any
· Number of iteration(s), if any
· Other receiver optimization, if any
· Complexity for the preamble/DMRS detection
· Memory requirements
· Latency
· FFS which simulation cases to be selected for evaluation
Discuss further next meeting potential template capturing the complexity analysis, especially regarding the level of details in the analysis


Based on the above agreement, we provide a draft template for reporting the receiver complexity and latency, as shown in Table 1.
[bookmark: _Ref516844708]Table 2 Template for reporting receiver complexity and latency
	Computational complexity
	Multiplications 
	Summations

	Detector algorithm
	 
	 

	Detector complexity
	
	

	Decoder algorithm
	
	

	Decoder complexity
	
	

	Interference cancellation complexity, if any
	
	

	Number of iterations, if any
	
	

	Complexity for the preamble/DMRS detection
	
	

	Total complexity
	
	

	

	Memory requirements
	 

	Processing Latency
	 



Q6: Any comments on the receiver complexity?
	Company
	View

	CATT
	According to the agreement in the last meeting, we are going to discuss the potential template of complexity analysis in the next meeting. So we propose to remove section 2.6 for now and discuss in the next meeting.

	Ericsson
	Concur with CATT. This was agreed to be discussed in the next meeting (as can be seen in the chair notes), and section 2.6 should be removed.  Receiver complexity analysis is quite a large topic and requires more detailed discussion than is possible in this context.

	Samsung
	Share the comments from CATT and Ericsson

	Huawei
	As stated in the agreement above, the potential template to capture the complexity analysis is to be discussed in the next meeting. So we may not need to finalize the template in this email discussion.
Some of our initial observations as follows: 
· The detailed number of operations, processing latency, and memory size are very much implementation dependent and thus difficult to provide accurate numbers and to compare among companies. Since we do not have RAN4 TU, to simplify the RAN1 burden, we may consider order-wise complexity of different receivers with some important system parameters (such as bandwidth, spreading factor, number of antennas, and number of UEs, etc.) reflected in the order formula, which has been well used by several companies according to previous contributions. 
· In addition to the number of outer-loop iterations which contributes to the NoMA receiver complexity/latency, more advanced MU detectors are proposed by companies for NoMA receivers. It is thus important to assess how much additional complexity is associated with such advanced MU detectors. Since the absolute complexity of MU detectors is highly implementation dependent, it is useful to look at the complexity of MU detector relative to some existing baseband module, e.g. the complexity of LDPC decoder. By doing so, companies can have first order assessment of how much additional complexity is needed due to advanced MU detectors. 
We can discuss more during the Gothenburg meeting. 

	NTT DOCOMO
	It is good if we can have some consensuses even before next meeting, e.g. the reference receiver algorithms, corresponding receiver structure and reference complexity and the relationship between different algorithms. Maybe it will be easier for us to show the complexity based on such information.
Note that there is a close relationship between performance and complexity. When compare the performance, we need to also consider the complexity impact.
For this template, it will be good if we have at least some reference receiver algorithms and corresponding reference complexity. When companies show their results, the receiver algorithm and iteration numbers should be reported. Then the reference complexity can be used for comparison. Otherwise, it will be difficult to have a fair comparison between different NOMA schemes.

	InterDigital
	For the purpose of RAN1 NOMA evaluation, we should only consider systemic complexity and latency which can be effectively captured by the number of outer-loop iteration. 
We could report the complexity in terms of the number of multiplications, additions, …, however those numbers may not be very meaningful, and they shall be used only as a guideline to the operation of a detection method rather than to provide a judgment on the complexity. 

	Qualcomm
	It is helpful to have a general understanding early on of how complexity scales with the number of UEs, number of PRBs, number of Rx antennas, and other factors. The exact template details can be discussed during the next meeting.

	Nokia/NSB
	As agreed in RAN1#93, the template for receiver complexity (including latency and memory) is to be discussed in the RAN1#94 meeting. Hence, we should not include as part of this email discussion, but once agreed in the next meeting, it would be part of this template.
As pointed by Huawei, receiver complexity is implementation dependent. To be able to compare complexity of different NOMA schemes, an abstract model can be used for the computation complexity of each NOMA scheme, with the purpose of relative complexity comparison rather than determining the absolute complexity.
As pointed out by DOCOMO, receiver complexity and performance should be jointly considered. Performance comparisons are meaningful for schemes with substantially equivalent complexity.

	Hughes
	As complexity is a difficult subject to reach an agreement, in addition to the agreed upon metrics, it may be useful if the companies also provide a high level receiver block diagram where the main computation for each block is clearly identified.

	Intel
	We also think that the receiver complexity issue is one of the most important and possibly critical topics for NOMA rx agenda and it may not be easy to reach to a consensus only by the email discussions. We may discuss further during RAN1 #94. Our current position is that we may see the work done in RAN4 regarding receiver complexity analysis during LTE NAICS study item, which seems to be a good reference.

	ETRI
	Agree with Qualcomm in principle that the complexity analysis should not only cover numerical operations required for detecting/decoding overlapped NOMA signals but also figure out the relationship between number of multiplexed UEs, modulation order, and number of Rx antennas and etc.

	vivo
	Although NOMA performance quite relies on the receiver, we do see there is need for NOMA application with low complexity receiver, like MMSE-IRC receiver in Rel-14. It is beneficial for commercial deployment that legacy receiver can be used for NOMA transmission. Besides, for low latency service, low complexity and linear receiver, e.g. MMSE without SIC processing, is important to shorten the processing time.
It should be further clarified how performance under different Rx could be compared to select schemes. E.g., performance of NOMA schemes may vary under linear MMSE or non-linear receiver. Under such scenarios, it is our preference that performance under simple Rx is more important than complicated Rx.

	Sony
	Share the comment from CATT.

	LGE
	We also agree that the receiver complexity issue is one of the most important topics for NOMA. However, we think that the analysis of receiver complexity is an issue of RAN 4. Historically, the complexity of advanced receivers (in NAICS and MUST for LTE) has been analyzed in RAN4. For more accurate analysis for the complexity of each receiver type, the opinion of RAN 4 needs to be considered.



Q7: Which simulation cases (incl. scenario, TBS, # of UEs, # of Rx) are preferred for the evaluation of receiver complexity?
	Company
	View

	ZTE
	Case 1: mMTC, 40 bytes, 12 UEs, 2Rx;
Case 2: URLLC, 40 bytes, 6 UEs, 4Rx;
Case 3: eMBB, 80 bytes, 12 UEs, 4Rx;

	CATT
	See our comment to Q7.

	Ericsson
	Please see our response above.

	Huawei
	Please refer to the response to Q7. 
We do not think complexity analysis should be done for a limited set of simulation cases.

	NTT DOCOMO
	As there is a tradeoff between complexity and performance, it is not clear if we need some specific cases for complexity evaluation.
The complexity should be reported together with corresponding performance results.

	InterDigital
	We should discuss this once we have a stable opinion on Q7.

	Qualcomm
	It is important to study how complexity scales with different parameters. We can revisit Q8 once the complexity discussion in Q7 is concluded.

	Nokia/NSB
	Receiver complexity and performance should be jointly considered. Performance comparisons are meaningful for schemes with substantially equivalent complexity.

	ETRI
	This part could be clarified after a common consensus of Q7 is reached.



Others
Q8: Any other comments?
	Company
	View

	Ericsson
	Link level results should be provided with the following:
Non-ideal channel estimation
Power control error
Frequency error
QPSK, 16QAM, [and 64 QAM]

	Qualcomm
	Per the agreements in RAN1-92, 92b and 93, the following scenarios should be modeled and included in link level evaluation:
· Contention-based grant-free transmissions
· Timing errors beyond normal CP in normal cell coverage (e.g. Case 2 of 4.3)
· Power control errors 



First round summary

The following summary is based on companies’ responses by the intermedium deadline.

3.1 BLER vs. per UE SNR
The majority view is to adopt Alt. 1 for reporting the BLER vs. per UE SNR. 
The template to collect the evaluation results is provided in the companion excel file. The only problem is that there are too many combinations of simulation parameters so that it is hard to include and manage all the results in one spreadsheet. Alt. 2 can be derived from Alt. 1 and reported as complementary with more cases considered. Several companies also mentioned Alt. 3 required SNR @target BLER vs. #UE for each TBS, we think it could be reflected in the second metric sum throughput vs. SNR at given BLER level, as the details elaborated in section 3.1.
In the draft template, 25 “typical” cases are suggested to keep the template of BLER vs. per UE SNR manageable and meanwhile different options of each parameter are covered as much as possible. Those cases can be further discussed by email before Aug.3.
Many companies suggest not to limit the number of UEs in the simulation. However, if companies can freely choose the number of UEs, it would be likely that the collected results are not comparable, that is why we had a note in the simulation assumption – (Note: refined set of numbers of UEs should be further discussed in the next meeting). Therefore, a compromised solution is to have some common values and one reserved value. For example in the template, two example numbers of UEs are suggested for each case, i.e. N1 and N2 representing the low overloading and medium/high overloading respectively, while N3 can be reported by each company to show the overloading capability of their schemes.
In addition, some companies suggest to make the comparison at similar channel code rates. It is understandable that code rates may not be set the exactly the same for different schemes, since companies are expected to tune the code rate of the simulation of their schemes to appropriate level so that the performance would not be adversely impacted. In the template we list the “Code rate of FEC” as one of the useful parameters that to be reported by companies for each case.

3.1 Sum throughput vs. SNR at given BLER level
The agreed metric sum throughput vs. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}, is actually a set of points instead of a curve. Once a pair of per UE SE and # of UEs is set, the sum throughput at given BLER level can be directly calculated. So the proposed Alt. 1 and Alt. 2 do not violate the agreement. The main task is to find the SNR point at the given BLER from the BLER vs. SNR curve for that pair of per UE SE and # of UEs, and then connect the set of points into curves. As some companies suggested, the same TBS can be assumed for each curve. It should be noticed that the purpose of sum throughput vs. SNR is not to reveal every details. Instead, people should refer to BLER vs. SNR plots for that purpose.
The draft template is provided to collect the SNR @ given BLER level for different cases. But we still need to clarify whether to use per UE SNR or total SNR for the x-axis.
One question raised in the email discussion is how to calculate the total SNR for the case of unequal SNR distribution. Strictly speaking, the total SNR should be  [dB] given the uniform SNR distribution within [x-a, x+a]. In the original proposal, the total SNR for the unequal case is simplified as the average SNR x plus the SNR shift 10*log10(N). This problem also exists if we use the the per UE SNR, i.e. strictly the average SNR among UEs should be  [dB], while it can be simplified as x [dB]. In addition, if total SNR is adopted, time accumulation for SNR should be taken into account in the case of HARQ
It should be noticed that in Rel.14 NR SI, total SNR was used for the evaluation of sum throughput. So probably it is better to follow the similar way.

3.3 MCL and PAPR/CM
11 companies suggest to reconsider whether we still need to collect the results of MCL. It should be confirmed that LPWA is not within the scope of NOMA SI. However, if we remember correctly, in Athens meeting that the MCL was introduced not only for LPWA cases. Some companies mentioned PAPR/CM is an intermediate metric and may not be enough to judge a transmitter side NOMA scheme, and therefore it should be evaluated by other metrics such as MCL. As Qualcomm and Intel suggested, it would be meaningful to check the cell coverage for NOMA, e.g. whether 144dB MCL can be achieved for the overloaded cases.
For the PAPR/CM, given the expertise in RAN1, we suggest to keep the current template as starting point. Companies can propose more accurate models if necessary.

3.4 Receiver complexity
Based on the agreement made in RAN1#93 meeting, the detailed receiver complexity should be further discussed in RAN1#94. Basically we should follow that agreement and postpone the discussion of the template for receiver complexity.
Some companies express that it would be helpful if some general information could be provided even before the next meeting, since the receiver complexity and performance should be jointly considered for the evaluations. In the companion spreadsheet, those information (such as detection algorithm, interference cancellation, number of iterations) are listed as additional assumptions.
Regarding the comment that the performance evaluation should be based on same approximate complexity if the NOMA transmission schemes require different receivers. Our understanding is that it might be difficult for now to enforce this unless companies can reach consensus at the detailed receiver complexity, for example how many inner/outer iterations for ESE/EPA+SISO would result in the similar receiver complexity as of MMSE-SIC under certain size of covariance matrix inversion. But anyway, companies should provide details of their receiver implementation when presenting the results.

Second round summary
During the email discussion, the companion spreadsheets can be adopted as the template for collecting the evaluation results, with the following clarifications.
Proposal 1: An exemplary list of simulation cases are included in the companion spreadsheet ‘template 1’, for initial collection of BLER vs. SNR curves.
· Companies can select among the list of simulation conditions in templates 1 & 2 when performing initial link level simulations
· Companies are encouraged to simulate enough cases to support a broad understanding for scenarios under study in NOMA
· Additional simulation cases may be captured in template 1 in the future.
· For unequal SNR distribution within range [x - a, x + a] (dB), per UE SNR is the average SNR in dB, i.e. x (dB)
· Further discuss in RAN1#94 details of random selection.
· Determine whether current link level settings for SINR and other cell interference are sufficient according to evaluations
· It is FFS how to draw conclusions/observations based on LLS, SLS, and other aspects.

Proposal 2: Adopt the companion spreadsheet ‘template – 2’ as the template for collecting the initial evaluation results of per UE SNR at the target BLER level, as a complementary to BLER vs. SNR curve.

Proposal 3: 
· CM/PAPR results as proposed for template 3 can be collected
· It is FFS how the CM/PAPR relates to UE performance tradeoffs, PA backoff, and UE power saving
· It is FFS how to compare the CM/PAPR results using this template,  e.g. modulation order should be aligned or not

There are still some remaining issues which cannot be reached as consensus during the email discussion. Companies’ views are collected as follows and it is suggested to have further discussion in RAN1#94.
1) Example number of UEs listed in “Template -1”
First of all, there is a common understanding that we should not limit the number of UEs for NOMA study, and thus an open value X can be reported by each company to show the maximum overloading capability of their schemes. There are two empirical common values representing the low overloading and medium/high overloading respectively, which is based on the observation from companies’ contributions containing simulation results.
DOCOMO and Qualcomm point out that the example values of UE number are relatively small, it may be hardly show the benefit of NOMA on the overloading capability since some of the cases are even not overloaded.
Huawei has concern to set a common value which is larger than 12 for the initial submission, suggesting not to mix the performance difference between DMRS enhancement and NOMA scheme itself.
Since DMRS is also a part of MA signature designs, a common value N>12 may be good to align companies’ settings and investigate the impact of different DMRS enhancement methods. However, whether the common value is 16, 24 or even higher needs further alignment, since it depends on the variety of parameters such as TBS, random/fixed allocation, with/without TO/FO, and overloading capability of different NOMA schemes. 
Based on the discussion, we suggest to add a square bracket on each of the proposed values larger than 12, which means this example value is taken as working assumption and can be further checked after the initial submission of results.
Proposal 4:
Example numbers of UEs listed in “Template -1” are to be confirmed in RAN1#94.

2) Realistic modeling of SNR distribution
Ericsson has concern on the current simulation assumption for equal/unequal SNR distribution, pointing out that it is not based on the relative SINR values observed in a cell.
During the email discussion, it is not clear whether we should keep optimizing the LLS parameter in order to have exactly the same condition as system level, and how to model the relative SINR values in a realistic way. It can be further discussed based on companies’ analysis provided in RAN1#94.
Proposal 5:
· Further refine the relative SINR/INR values used for link level simulations to reflect those observed in a cell
· The extent of the refinement, if any, is to be determined according to evaluations.

3) Clarification on the metric of sum throughput
Since the metric “Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}” itself is a set of points, we should further discuss how to connect the points into curves, e.g. same TBS is assume per curve as suggested by some companies.
There is no strong bias based on the responses to Q2 on whether to use total SNR or per UE SNR for the plot. Follow the total SNR as in the NR SI may be more reasonable.
Proposal 6:
· For performance metric of Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
· Same TBS is assumed for each curve
· Total SNR is used
· For unequal SNR distribution, total SNR is simplified as sum of average SNR conducted in dB, i.e. x+10*log10(N) (dB), where N is the number of UEs.

4) Clarification on the MCL and UL coverage
The majority view is to reconsider whether we still need to collect the results of MCL. It should be confirmed that LPWA is not within the scope of NOMA SI. 
Qualcomm and Intel suggest it would be meaningful to check the cell coverage for NOMA, e.g. the techniques that have no negative impact on UL coverage (compared to NR Rel-15 evaluation for FR1) should be prioritized.
Huawei has questions on how to check the UL coverage and how the normal cell coverage is defined.
Since further clarifications are needed, we can discuss in RAN1#94 regarding the metrics for UL coverage, e.g. path loss, inter-cell interference, intra-cell interference, thermal noise. And the priority of those analysis for NOMA schemes when multi-cell deployment is considered should be clarified.
Proposal 7: 
· Whether MCL results are to be collected is to be further discussed during RAN1#94
· It is necessary to check the UL coverage and make sure it is within the range of normal cell coverage, FFS how to check the UL coverage for NOMA and how the normal cell coverage is defined.
· Further study how many NoMA UEs can be multiplexed in the same PRBs in practical multi-cell deployments, taking inter-cell interference  and per UE performance into account
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Appendix Previous agreements on LLS
RAN1 #92 meeting
Agreements:
· Adopt the parameters in the following table for link-level evaluations of NOMA study.
[bookmark: _Ref505757384]Table: Link-level evaluation assumptions
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Carrier Frequency
	700 MHz
	700 MHz or 4 GHz 
	4 GHz, 700 MHz as optional
	

	Waveform 
(data part)
	CP-OFDM and DFT-s-OFDM
	CP-OFDM as starting point
	CP-OFDM as starting point
	

	Channel coding
	URLLC: NR LDPC
eMBB: NR LDPC
mMTC: NR LDPC
	The choice of channel coding here is only for the performance evaluation purpose for NOMA study

	Numerology 
(data part)
	SCS = 15 kHz, #OS = 14
	Case 1: SCS = 60 kHz, #OS = 7 (normal CP), optionally 6 (ECP)
Case 2: SCS = 30 kHz, #OS = 4

	SCS = 15 kHz
#OS = 14
	

	Allocated bandwidth
	6 as the starting point
	12 as the starting point

	12 as the starting point
	For high payload such as 75 bytes, larger number of RBs can be considered.

	TBS per UE
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
Lower than 0.1 bits/RE is optional
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
	At least five TBS that are [20, 40, 80, 120, 150] bytes. Other values higher than 20 bytes are not precluded.
	#bits per RE calculation does not include DMRS overhead (e.g., REs of one every 7 symbols for DMRS would not be used to carry the data)


	Target BLER for one transmission
	10%
	0.1%
	10%
	

	Number of UEs multiplexed in the same allocated bandwidth
	To be reported by companies.
	Companies are encouraged to perform evaulations with various number of UEs
Note: refined set of numbers of UEs should be further discussed in the next meeting. 

	BS antenna configuration
	2 Rx or 4 Rx for 700MHz,
4Rx or 8 Rx for 4 GHz 
8Rx as optional
	CDL model in 38.901 should be considered for 8Rx

	UE antenna configuration
	1Tx  
	

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h, CDL optional
	

	Max number of HARQ transmission
	1 as starting point.
	1 as starting point. More values, 2 for URLLC can be used.
	1 as starting point.
	

	Channel estimation
	Ideal channel estimation results should be reported for calibration
Realistic channel estimation
	

	MA signature allocation (for data and DMRS)
	Fixed/Random
	Proponents report the details of  random MA signature allocation (whether without or with collision)

	Distribution of avg. SNR
	Both equal and unequal
	Equal
	Both equal and unequal
	Uniform discrete values for unequal case,, range [x - a, x + a] (dB) with 1 dB step, where x is the average SNR among UEs, and the deviation  [a=3]

	Timing offset
	0 as starting point. For grant-free without perfect TA, value is TBD
	

	Frequency error
	0 as starting point. The value(s) is TBD.
	

	Traffic model for link level
	Full buffer as starting point. Non-full-buffer model (like Poisson arrival of fixed packet size) is optional.
	

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA. AWGN curves can be provided also.
	


Note: for the case when a parameter has a “OR” condition, companies are encouraged to evaluate all the corresponding values

Agreements:
· Adopt the following table as the metrics for NOMA study from link level point of view.
· More metrics may be added in the future
	Performance metrics 
	BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}  
Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
MCL

	Implementation related metrics
	PAPR/cubic metric
Rx complexity and processing latency
FFS:  Configuration/Scheduling flexibility



RAN1 #92bis meeting
Agreements: Further clarify the LLS parameters:
· For ideal channel estimation, DMRS overhead is 1/7 for #OS 7 and 14, and 1/4 for #OS 4.
· For a=[3], companies are encouraged to check RAN4 power control rerquirements  aim to conclude in RAN1#93
· FFS timing offset for grant-free without perfect TA, 
· FFS frequency offset 

RAN1 #93 meeting
Agreements:
· Synchronous UL data transmission should be the starting point.  
· Also considers the asynchronous transmission
· Timing offset is within [0,  y] as starting point, where y has two values at least for the purpose of evaluation:
· Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS
· Case 2: 2*CP>=y > CP, with detailed value FFS
· Additional value(s) for y are not precluded
· Possible down-selection can still be discussed 
· FFS the channel structure and procedures for asynchronous.

Agreements:
· Residual frequency offset for link-level simulation
· In addition to 0, evaluate uniform distribution between -70 and 70 Hz for 700MHz carrier frequency, and uniform distribution between [-140] and [140] Hz for 4GHz carrier frequency.

Agreements:
· Clarify the definition of SNR in LLS as:
· The mean received power over the allocated bandwidth per OFDM symbol carrying data, divided by noise power per OFDM symbol within the allocated bandwidth.
Agreements:
· For realistic channel estimation with number of DMRS ports <= 12
· Reuse the NR design for evaluation purpose
· Other DMRS designs are not precluded for the NOMA study
· For realistic channel estimation with number of DMRS ports > 12
· The DMRS overhead should not be less than NR design for evaluation purpose.
· FFS extending DMRS design for the NOMA study
· Number of PRB is 24 PRBs for URLLC evaluations with 30 kHz SCS.
· There is no implication to make performance comparison between 60 kHz and 30 kHz.

Agreements:
· For calibration purpose, the link-level evaluation assumptions are given below: 
· Companies to share the calibration results by RAN1 email by August 1st, to be consolidated for RAN1#94 contribution – Li (ZTE)

	Implementation assumptions
	Values

	LDPC decoding algorithm
(e.g. MaxLogMAP or LogMAP, fully parallel or row parallel)
	Companies to report

	Number of LDPC decoding iteration
	Companies to report (e.g., 50 for flooding, 25 for layered)

	Modulation for 10/20 bytes
	QPSK

	Modulation for 75/150 bytes
	QPSK

	Channel Estimation
	Ideal

	Channel Model
	AWGN, TDL-A with 30ns (3km/h), TDL-C with 300ns (3km/h), no spatial correlation
Initialize channel realization at each slot

	Total number of slots
	1000 for eMBB/mMTC AWGN
10000 for eMBB/mMTC fading channel

[50000] for URLLC AWGN
[100000] for URLLC fading channel

	System bandwidth
	10 MHz



Email discussion for the templates of reporting the link-level evaluation results, to start email discussion from June 18, aim to finish by 8/3
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