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Introduction
In the RAN plenary #86 meeting, a new SID on NR coverage enhancement was approved [1]. The objective of this study item is to identify the baseline coverage performance and the target coverage performance for specific scenarios for both FR1 and FR2, and study the potential solutions for both DL and UL. In RAN1#101-e meeting, the following agreements were achieved on evaluation methodology [2].
	Agreements:
The basic evaluation methodology is based on link-level simulation for FR1.
· Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements.
· Step 2: Obtain the baseline performance based on required SINR and link budget template.
· Note: aspects related to identifying target performance and coverage bottlenecks based on target performance metric is to be handled separately
· The evaluation methodology based on system-level simulation is optional for FR1.
· Note: The simulation assumptions for SLS are up to companies’ reports.

Agreements:
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.
Agreements:
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


In this contribution, we provide our views on the evaluation methodology, including both LLS based and SLS based methodology.
Discussion on link budget template for LLS based methodology
In the RAN1#101-e meeting, it was discussed on whether to adopt the template based on IMT-2020 or the one from TR 36.824. First, IMT-2020 based template contains more detailed influencing factors, which can provide more meaningful information than the MCL based template. Then, we can gain more insights into our real network deployment. In addition, the MCL based template in TR 36.824 is used for LTE coverage evaluation, and companies had different views on the definition of MCL for NR. For instance, whether to consider some beamforming related impact. Based on above, we have the following proposal.
Proposal 1:  Adopt link budget template based on IMT-2020 self-evaluation.
For IMT-2020 based template, more detailed analysis is provided in our companion contribution [3][4]. 
Discussion on antenna array gain for LLS based methodology
Two options on determination of antenna array gain for FR1 were discussed in the RAN1#101-e meeting. Option 1 is that the antenna array gain is included in link budget template and a potential margin is used to reflect the realistic implementation and network operation. Option 2 is to be included in LLS. 
As agreed, TDL is the baseline channel model for FR1. However, Option 2 would require CDL channel model. In addition, even CDL is used, we are skeptical about the accuracy. Because, it seems not possible to accurately model the UE distribution and the relative position between UE and gNB in LLS.
Proposal 2: For LLS based methodology, antenna array gain is included in the link budget template.
Since the number of RF chains (denoted as k) could be different with the number of TxRUs  (denoted as N) as discussed in [3], the antenna array gain should be split into two parts. One is the digital gain of mapping RF chains to TxRUs, which can be ideally modeled as 10*log(N/k) . Assuming the number of antenna elements is M, the ideal beamforming gain for unicast channles is 10*log(M/N). However, the UE would most possibly not in the bore sight of a beam. A beam loss is expected. Thus, the beamforming gain can be formulated as,
                       Antenna array gain = 10*log(N/k) + 10*log(M/N) - Δ                                                 (1)
As mentioned,  Δ could be regarded as zero ideally. But, an more accurate way to get the actual beamforming gain (i.e. 10*log(M/N) - Δ) is via SLS. Note that, the digital precoding gain via RF chains could be reflected in LLS. 
Proposal 3:  The antenna array gain for unicast channels can be modeled as 10*log(N/k) + 10*log(M/N) - Δ, where k, M and N is the number of RF chains, TxRUs and antenna elements respectively.
· Δ is the antenna array gain loss, which can be considered as zero or obtained by SLS.  
For broadcast channels, the beamforming gain is not only limited by the number of elements per TxRU but also limited by SSB beam number (denoted as X). The ideal beamforming gain is 10*log(min(X, M/N)). Similarly, a beam loss is expected.
Proposal 4:  The antenna array gain for broadcast channels can be modeled as 10*log(min(X, M/N)) - Δ, where X is the number of SSB beams. 
· Δ is the antenna array gain loss, which can be considered as zero or obtained by SLS. 
Discussion on target performance
In the RAN1#101-e meeting, the target performance metric was discussed, and the following intermediate proposal was given. 
	Proposal:
Identify the target performance and coverage bottlenecks based on target performance metric for FR1.
· FFS: the target performance metric and potential down selection.
· Option 1: The target path loss is considered as the target performance.
· Alt1: Derived from the target ISD.
· Alt2: Relative MPL.
· Option 2: The target MCL 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.


As discussed above, we prefer to use IMT-2020 based link budget template for LLS based methodology. That is, the target performance should be based on MPL, i.e. Option 1. Furthermore, for each scenario, we would have a target ISD for our deployment. It is possible that the all channels in a specific scenario can all meet the target ISD. While using relative MPL will make we have to enhance some of the channels, regardless of the scenarios. In addition, using relatively MPL needs to determine a benchmark channel. The MPL of this channel is the target MPL which corresponds to a target ISD. Thus, choosing a different benchmark channel is not much different to directly choosing a target ISD. The only thing matters is how to choose the target ISD or which ISD is more typical one. Having said, Alt1, i.e. derived from the target ISD, is more straightforward and preferred. 
Since it was agreed that FR1 and FR2 share the same methodology, we have the following proposal. 
Proposal 5: For LLS based methodology, the target path loss is considered as the target performance.
· The target path loss is derived from the target ISD.
As for the detailed target ISD for different scenarios, the values recommended in ITU-R M.2412 [5] and TR 38.802 [6] can be considered. More specifically, the following ISDs are considered.
Table 1 Target ISD for different scenarios
	Scenario
	Target ISD

	Urban for FR1
	500m

	Rural for FR1
	1732m or 5000m

	Extremely long distance rural scenario for FR1
	12km or 30km

	Dense urban for FR2
	200m

	Suburban for FR2
	500m

	Indoor for FR2
	12BSs per 120m x 50m



Proposal 6: Adopt Table 1 for the target ISD of different scenarios in FR1 and FR2.
For SLS based methodology, as discussed in [7], the target performance for SLS is determined by the 5th percentile SINR value in CDF curve for different physical channels. 
Proposal 7: For SLS based methodology, the target performance for SLS is determined by the 5th percentile SINR value in CDF curve for different physical channels. 
Discussion on SLS simulation assumptions
It has been agreed that SLS is an optional evaluation methodology, and the simulation assumptions for SLS are up to companies’ reports. Actually, most of the simulation assumptions for SLS, such as antenna configuration, gNB/UE heights and ISD etc., can reuse the ones for LLS or in link budget template. Only very few SLS specific parameters haven’t been discussed. In Table 2, we provide our assumptions for these parameters.
Table 2 SLS specific parameters
	Parameters
	Urban/Rural scenario for FR1 
	Urban/Indoor scenario for FR2

	Layout
	Single layer - Macro layer: Hex. Grid
	Urban: Single layer - Macro layer: Hex. Grid
Indoor: 12BSs per 120m x 50m

	Channel model 
	UMa in TR 38.901
RMa in TR 38.901
	UMa in TR 38.901
Indoor-office in TR 38.901

	Min distance of UE2gNB
	35m for urban
35m for rural
	35m for urban
0m for indoor


Proposal 8: For SLS specific parameters in Table 2 can be considered.
Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1:  Adopt single link budget template based on IMT-2020 self-evaluation.
Proposal 2: For LLS based methodology, antenna array gain is included in the link budget template.
Proposal 3:  The antenna array gain for unicast channels can be modeled as 10*log(N/k) + 10*log(M/N) - Δ, where k, M and N is the number of RF chains, TxRUs and antenna elements respectively.
· Δ is the antenna array gain loss, which can be considered as zero or obtained by SLS.  
Proposal 4:  The antenna array gain for broadcast channels can be modeled as 10*log(min(X, M/N)) - Δ, where X is the number of SSB beams. 
· Δ is the antenna array gain loss, which can be considered as zero or obtained by SLS. 
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