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1. Introduction

In RAN1 #101 e-meeting, the following agreements were achieved [1].
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This contribution discusses the remaining issues on evaluation methodology including antenna gain, definition of MCL, link budget template and performance metric.
2. Discussion on antenna gain
In RAN1 #101 e-meeting [1], gNB architecture and gNB antenna modeling in LLS for TDL channel model were discussed. However, during the discussion, it seemed that the definition of antenna gain was not aligned among companies. Thus, before the discussion, we first illustrate each component of antenna gain based on the gNB antenna architecture.
As illustrated in Fig.1, the practical gNB antenna array architecture consists of N TxRUs and M antenna elements, where N can be {2, 4, 8, 16, 32, 64} and M can be {16, 32, 64, 128, 192} for different scenarios and carrier frequency. 
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Fig.1 Practical gNB antenna array architecture
To alleviate the simulation burden, the number of RF chains modelled in LLS may be smaller than the number of TxRUs. For TDL, there are two options for gNB antenna modeling in LLS:

· Option 1: 2 or 4 gNB RF chains in LLS. 
· Option 2: Number of gNB RF chains = number of TxRUs in LLS.
If we use variable k to indicate the number of RF chains in LLS, then we have k<N for Option 1 and k=N for Option 2, which results in two different antenna architecture as shown in Fig.2 and Fig.3. 
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Fig.2 Components of antenna gain for TDL Option 1
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Fig.3 Components of antenna gain for TDL Option 2 and CDL
As discussed above, in order to facilitate LLS simulation for TDL channel model, the number of received chains in LLS, i.e. value of k, is generally smaller than the practical number of TxRUs. Thus, we prefer Option 1 as the gNB antenna architecture in LLS simulation. 

As shown in Fig.2, there is a mapping between RF chains in LLS and practical TxRUs since k<N. Then, the original digital antenna gain is divided into two parts: antenna gain component 1 (AGC1) – antenna gain mapping from data streams to k RF chains in LLS, and antenna gain component 2 (AGC2) – antenna gain mapping from k RF chains in LLS to N TxRUs, while antenna gain component 3 (AGC3) represents the antenna gain mapping from N TxRUs to M antenna elements and antenna gain component 4 (AGC4) represents single antenna element gain. In our understanding, AGC1 can be implicitly reflected in LLS, while AGC2, AGC3 and AGC4 can be explicitly included in the link budget template. Then the question is how to model theses gains in the link budget template.
In our view, new parameters need to be introduced to include AGC2, AGC3 and AGC4 in link budget template. There are two alternatives to model AGC2 and AGC3:
· Alt 1: Ideal modelling. 

·  AGC2 = 10log(N/k).
·  AGC3 = 10log(M/N).
· Alt 2: Realistic modelling.

·  AGC2 = 10log(N/k) - Δ1.

·  AGC3 = 10log(M/N) - Δ2.

For Alt 1, beamforming gain is ideal and UE is located in the boresight of the beam. For Alt 2, it considers realistic implementation issues: the beamforming may be non-ideal, some gain loss may exist, noted as Δ1; Also, UE may not in the boresight of the beam, which results in some gain loss, noted as Δ2. 
The range of Δ1 and Δ2 vary from the value of M, N, k, and they also depend on gNB implementation. Hence, it seems difficult to align Δ1 and Δ2. Then, Alt 1 can be baseline, while Alt 2 can be optional with Δ1 and Δ2 reported by companies. 
Based on above analysis, we have the following proposals on antenna gain.
Proposal 1: For TDL channel model, option 1 is preferred. Antenna gain is divided into four components as shown in Fig.2. AGC1 is reflected in LLS, while AGC2, AGC3 and AGC4 are included in the link budget template.
Proposal 2: For TDL channel model option 1, AGC2 and AGC3 can be calculated as follows, AGC2 = 10log(N/k) and AGC3 = 10log(M/N), where k is the number of RF chains in LLS, N is the number of practical TxRUs and M is the number of antenna elements.

Proposal 3: Antenna gain loss considering realistic implementation is an optional parameter.
3. Discussion on definition of MCL

During the discussion in RAN1 #101 e-meeting, two link budget templates were discussed: MCL template in TR 36.824 [2] and IMT 2020 template.
MCL link budget template given in Table 1 was utilized for evaluation of LTE coverage performance. In this template, MCL was defined as “ Tx power – receiver sensitivity”.
Table 1 MCL link budget template in TR 36.824
	Physical channel name
	Value

	Transmitter
	

	(1) Tx power  (dBm)
	

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	

	(3) 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 sensitivity
         = (6) + (7) (dBm)
	

	(9) MCL 

         = (1) ( (8) (dB)
	


Different from eNB antenna architecture, where at most 8 RF chains/TxRUs are configured, gNB in NR may have 64 TxRUs and beamforming gain becomes a critical part when calculating total antenna gain. However, it can be seen from Table 1 that beamforming gain is not reflected in any part of MCL calculation. Moreover, according to the agreement in RAN1 #101 e-meeting on gNB antenna architecture in LLS, different numbers of RF chains at gNB, e.g. 2 or 4, can be considered. If MCL is calculated based on Table 1, different values of MCL are obtained with different RF chains configuration at gNB, which may result in misalignment among companies. In addition, as discussed in section 2, there are several components for antenna gains. Thus, it is necessary to make the definition of MCL clearly considering antenna gain for NR.
· Definition of MCL for TDL channel model option 1
For TDL channel model option 1, there can be three alternatives for the definition of MCL.
· Alt 1: MCL = Total transmit power - Receiver sensitivity + gNB antenna gain (AGC2).
· Alt 2: MCL = Total transmit power - Receiver sensitivity + gNB antenna gain (AGC2 + AGC3) + UE antenna gain.
· Alt 3: MCL = Total transmit power - Receiver sensitivity + gNB antenna gain (AGC2 + AGC3 + AGC4) + UE antenna gain.
Compared with the other options, we prefer Alt 1 and have the following proposal for the definition of MCL.
Proposal 4: For TDL channel model option 1, MCL = Total transmit power - Receiver sensitivity + gNB antenna gain (AGC2), where AGC2 is the antenna gain mapping from k RF chains in LLS to N TxRUs.
4. Discussion on link budget template

According to the agreement achieved in RAN1 #101 e-meeting, down selection on the following options for the link budget template should be made in RAN1 #102 meeting:
· Option 1: Adopt single link budget template based on IMT-2020 self-evaluation with necessary revisions, including adding/removing/revising some parameters.

· Option 2: Adopt both templates, i.e. link budget template in IMT-2020 self-evaluation and link budget template in TR 36.824.
· Option 3: Adopt single link budget template in TR 36.824 with necessary revisions, including adding/revising some parameters.
Although link budget template in TR 36.824 is simple, it is difficult to obtain the reasonable MCL based on this link budget template, due to lack of a number of parameters. From operators’ point of views, we care more about what NR can achieve in term of coverage performance at present, as well as the gap between the baseline performance and target performance. Hence, we prefer to use IMT-2020 link budget template, which has the following advantages:
1) Companies have experience in the simulation for IMT-2020 submission, and have submitted results based on IMT-2020 template to ITU. 

2) IMT-2020 template provides comprehensive parameters, which contains all the parameters in 36.824 link budget template. Then the results based on IMT-2020 template are more accurate than 36.824 link budget template.
3) Target MPL or MCL can be derived from ISD, while ISD can be provided based on operators’ practical deployment. Operators can better understand the gap between the baseline performance and the target.
Proposal 5: Adopt single link budget template based on IMT-2020 self-evaluation with necessary revisions.
Based on above analysis, some revisions may be needed for current IMT-2020 link budget template considering MCL calculation and different component of antenna gain. The revised IMT-2020 link budget template is attached.
Proposal 6: Adopt the revised IMT-2020 link budget template in the attached EXCEL file.
5. Discussion on target performance metric

The objective of SI on NR coverage enhancements includes “Identify the performance target for coverage enhancement…” [3]. Target performance metric should be defined. During the discussion in RAN1 #101 e-meeting, the following proposal about target performance metric was discussed among companies:

[image: image5]
In our understanding, compared with relative values, the absolute values can better reflect the requirements from operators. For VoIP, MCL of 147dB has been proposed by operators. For eMBB, target MPL or MCL can be derived from ISD, while ISD can be provided based on operators’ practical deployment. The typical values, e.g., 500m for urban, 1732m for rural, widely used in the simulation can be adopted. It should be noted that MCL and MPL can be derived from each other utilizing the parameters in revised IMT-2020 link budget template.
The above target performance metric is of importance, especially for operators. Understanding the gap between baseline performance and target performance can provide valuable guidance for practical network deployment.
Proposal 7: For VoIP, target MCL of 147dB or target MCL/MPL derived from typical ISD, e.g. 500m for urban and 1732m for rural, can be defined as the target performance. 
Proposal 8: For eMBB, target MCL/MPL derived from typical ISD, e.g. 500m for urban and 1732m for rural, can be defined as the target performance.
6. Summary
In this contribution, remaining issues on evaluation methodology including antenna gain, definition of MCL, link budget template and performance metric are discussed. Based on the discussion, we have the following proposals:
Proposal 1: For TDL channel model, option 1 is preferred. Antenna gain is divided into four components as shown in Fig.2. AGC1 is reflected in LLS, while AGC2, AGC3 and AGC4 are included in the link budget template.
Proposal 2: For TDL channel model option 1, AGC2 and AGC3 can be calculated as follows, AGC2 = 10log(N/k) and AGC3 = 10log(M/N), where k is the number of RF chains in LLS, N is the number of practical TxRUs and M is the number of antenna elements.

Proposal 3: Antenna gain loss considering realistic implementation is an optional parameter.

Proposal 4: For TDL channel model option 1, MCL = Total transmit power - Receiver sensitivity + gNB antenna gain (AGC2), where AGC2 is the antenna gain mapping from k RF chains in LLS to N TxRUs.
Proposal 5: Adopt single link budget template based on IMT-2020 self-evaluation with necessary revisions.
Proposal 6: Adopt the revised IMT-2020 link budget template in the attached EXCEL file.
Proposal 7: For VoIP, target MCL of 147dB or target MCL/MPL derived from typical ISD, e.g. 500m for urban and 1732m for rural, can be defined as the target performance. 
Proposal 8: For eMBB, target MCL/MPL derived from typical ISD, e.g. 500m for urban and 1732m for rural, can be defined as the target performance.
7. References

[1] “3GPP TSG RAN WG1 #101-e e-meeting Chairman’s Notes”, 25th May. - 5th Jun., 2020.
[2] 3GPP TR 36.824, “LTE coverage enhancements (Release 11)”, Jun. 2012.

[3] 3GPP RP-200861, “Revised SID on Study on NR coverage enhancements”, China Telecom, RAN#88e, June 29th – July 3rd, 2020.
Agreement:


Down selection on the following options for the link budget template for FR1 in next meeting.


Option 1: Adopt single link budget template based on IMT-2020 self-evaluation with necessary revisions, including adding/removing/revising some parameters.


FFS: The template provided by FL in Tdoc R1-2005005.


Option 2: Adopt both templates, i.e. link budget template in IMT-2020 self-evaluation and link budget template in TR 36.824.


Option 3: Adopt single link budget template in TR 36.824 with necessary revisions, including adding/revising some parameters.





Agreement:


Down selection on the following options for antenna array gain for LLS based methodology for FR1 in next meeting.


Option 1: Antenna array gain is included in the link budget template. 


FFS: array gain = 10 * 1og10 (number of antenna elements/number of TxRUs)


FFS: For TDL channel model


FFS: Values reflective of realistic implementation and network operation.


Option 2: Antenna array gain is included in LLS.


FFS: For CDL channel model.





Proposal:


Identify the target performance and coverage bottlenecks based on target performance metric.


FFS: the target performance metric.


Option 1: The target path loss or relative MPL is considered as the target performance.


Alt1: The target path loss is derived from the target ISD.


Alt2: Relative MPL.


Option 2: An MCL or MCL based metric is considered as the target performance.


Alt1: Derived from the target ISD, considering shadow fading margin, penetration loss, etc.


Alt2: Fixed target MCL, e.g. 147dB for VoIP [to achieve better performance than other RAT(s)]


Alt3: Relative MCL


If optional SLS is performed, the target performance for SLS is determined by the 5th percentile SINR value in CDF curve for different physical channels


Other target performance metrics are not precluded.
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