[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG-RAN Meeting #75         													          RP-170489
Dubrovnik, Croatia, March 6 – 9th, 2017

Source: 	Huawei, HiSilicon
Title: 	Discussion on channel models for 5G evaluations
Agenda Item:	9.2.1
Document for:	Discussion
[bookmark: _GoBack]Introduction
Channel model is one of the fundamental components in performance evaluation, as it is used to describe the radio signal propagation behaviour in practical system and thus would impose a significant impact on the eventual power levels of both desired signal and other interference, and then the final performance. Its high importance requires that channel model needs to be determined before each round of self-evaluation for the new generation technologies.  
Currently, we are at the historical moment again to kick off the self-evaluation campaign of 5G system, therefore, which channel model should be used becomes a key question that we need to answer. Otherwise, it would be quite difficult to generate accurate, comparable and consistent evaluation results even inside 3GPP, not to mention submitting the evaluation report to ITU-R on behalf of the whole 3GPP organization. 
In this contribution, considerations on channel models for 5G evaluations are presented, which aims to provide the suggestions on channel models for self-evaluation for IMT-2020, taking the agreements in RAN1, applicability of channel models and related evaluation requirements into account.
RAN1 agreements on channel models for NR evaluation
In RAN1 NR Ad-Hoc meeting, consistent channel modelling for below and above 6 GHz was discussed, and the following agreement [1] was achieved.
	Agreement: 
· Two alternatives are provided for single-band and multi-band simulations above and below 6 GHz:
· A single model documented in 38.900 covering the range 0.5-100 GHz, as proposed in R1-1701195
· 36.873 / M.2135 models below 6 GHz, updated according to R1-170421/446/447, and 38.900 model above 6 GHz
· Companies are free to select which alternative they use, or the alternative to be used may be agreed on a case-by-case basis
· R1-1701195 is agreed in principle, subject to updating to remove the “applicability” sentence in section 8 - R1-1701225 -> agreed in R1-1701406 as CR0066 of 38.900 (Rel-14). 
· RAN Plenary / ETSI MCC to be requested to update the title of the TR accordingly.
· R1-1700421 is agreed -> in R1-1701407 as CR0012 of 36.873 (Rel-12)
· CMCC to prepare a CR covering R1-1700446 and R1-1700447 which is agreed in principle - R1-1701224 36.873CRxxxx – revisit on Thur. 
· CR remains agreed in principle; prepare revision as follows (revisit on Friday) R1-1701233 36.873CRxxxx:
· Need to correct RMa->InH in Table 7.3-9
· Discuss how to include values for scaling factor for K value compensation (if not time to reach agreement on this aspect by Friday, the corrected CR can be agreed anyway and an update agreed at RAN1#88). 
· Huawei to prepare a CR covering R1-1700445 - R1-1701228 36.873CRxxxx – revisit at RAN1#88. 



Based on the agreement, we can see that from RAN1’s perspective, it is quite difficult to down select channel models for different evaluation scenarios. As a compromise solution, TR 38.900 [2] was agreed to be extended to below 6GHz even without any new measurement results. On the other hand, the extension of TR 38.900 can not preclude using other channel models for the evaluation of scenarios below 6GHz. Therefore, two alternatives are provided, and companies are free to select which alternative they use. In addition, this selection may even be agreed on a case-by-case basis.
Discussion on channel models for 5G evaluations
[bookmark: OLE_LINK3]As long as different channel models are available with different applicability, and quite different evaluation scenarios and use cases exist, it would be quite necessary to determine which channel model should be used for each scenario and use case. In this following, the relationship between channel models, and our consideration on selecting channel models and reflecting RAN1 agreements are provided.
The relationship between different models
From the agreement mentioned above, actually four channel models were taken into account, i.e., M.2135 [3], TR 36.873 [4], TR 38.900 and TR 38.9xx. Before making decisions on channel model selection for 5G evaluations, it is necessary to understand the relationship between these different channel models. To be specific, the relationship between channel models inside 3GPP is illustrated in Figure1 as below.
FIGURE 1
Relationship between channel models inside 3GPP
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It is shown that M. 2135 has laid the foundation for the evaluation of IMT-Advanced system. Actually, it is the approved radio channel model by ITU-R in November 2008 for the evaluation of the performance of the candidate technologies for IMT-Advanced, including LTE-Advanced. Note that in M.2135, four major scenarios are defined, i.e., indoor hotspot (InH), urban macro (UMa), urban micro (UMi) and rural macro (RMa). Since then, it has been widely used inside 3GPP for many specific topics, e.g., HetNet/Small cell/CoMP, etc. 
TR 36.873 is the 3D channel model which is based on M.2135 with the extension of elevation models, in order to support the evaluation of FD-MIMO especially in terms of vertical beamforming. Note that when extending M.2135, only UMA and UMI were selected as the prioritized scenarios, thus elevation models are available only for these two scenarios. Recently, new measurement campaigns on INH and RMA were committed, and based on these new field measurement results, elevation models for INH and RMA were also provided. Therefore, TR 36.873 can support elevation related evaluations for all the mentioned scenarios now.
TR 38.900 is the channel model for above 6GHz, which is based on M.2135 and TR 36.873, while taking the new measurement results dominantly above 6GHz into account. It can be regarded as an extension of M.2135/TR 36.873 with updated parameters especially for the primary part. Note that in TR 38.900, several new features were introduced including oxygen absorption, blockage, spatial consistency, large bandwidth and large antenna array, etc.
TR 38.9xx is expected to be the channel model for full bandwidth, i.e., from 0.5GHz to 100GHz based on the harmonization discussion in RAN1. Note that TR 38.9xx is based on TR 38.900 with modification on the parameters taking into account some parameters from M.2135 and TR 36.873. Note that no additional measurement results for below 6GHz were taken into account when deriving this harmonized channel model. Even though some parameters from TR 36.873 were taken into account, they are mainly on the large scale parameter part which are used to denote the statistical behaviour of delay/angular-power profile. For other more fundamental components, e.g., pathloss and penetration loss models, direct extension was carried out by ignoring the inconsistent propagation characteristics between these two models. Therefore, at least for the pathloss and penetration loss parts, performance gap between TR 38.9xx and TR 36.873 still exist, which can be seen vividly in the following figure.
FIGURE 2
Distribution of coupling loss of UMa and UMi scenarios with different channel models
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Observation 1: TR 38.900 and TR 38.9xx are based on the framework of M.2135/TR 36.873 with updated channel parameters and additional new features.
Observation 2: TR 38.9xx and TR 36.873 have obvious performance gap for below 6GHz at least in terms of pathloss and penetration loss parts, e.g., about 4-5dB for median coupling loss at 4GHz.
Consideration on selection of channel models
Since channel model is the key component in performance evaluation, it should be carefully selected for the following self-evaluation campaign. One major principle of selecting channel model is to take the applicability of channel models and the related evaluation requirements into account, and then find the best way to achieve the trade-off between evaluation complexity and performance accuracy. Note that here the required evaluation includes the evaluation campaign targeting for both ITU-submission and 3GPP requirement fulfilment.
TABLE 1
Applicability of candidate channel models
	Parameters
	M.2135
	36.873
	38.900
	38.9xx

	Max. bandwidth [MHz]
	100
	100
	Up to 10% of carrier frequency
	Up to 10% of carrier frequency

	Frequency range [GHz]
	2-6Note1
	2-6Note1
	6-100 Note2
	0.5-100 Note3

	3D support
	No
	Yes
	Yes
	Yes

	Applied TR
	TR 36.814/36.819/36.872/38.802
	TR 36.897/38.802
	TR 38.802
	N/A

	Applied external publications
	Extensive
	Extensive
	Extensive
	N/A


Note1: Rural model applies from 450MHz to 6GHz.
Note2: Rural model applies from 500MHz to 30GHz.
Note3: Dominant results are based on measurements above 6GHz, leading to the gap between 38.9xx and 36.873 for below 6GHz part.
From Table1 we can see that the first three channel models, i.e., M.2135, TR36.873 and TR 38.900 has been widely used inside and outside of 3GPP. For the applicability of these models, it is shown that M.2135 and 36.873 are mainly for the below 6GHz, while 38.900 is for above 6GHz. TR 38.9xx is expected to provide a channel model for full band, i.e., from 0.5GHz to 100GHz, even though its dominant results are based on measurements above 6GHz.
TABLE 2
Evaluation requirements of different test environments
	Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Carrier frequency 
	4GHz, 30GHz, and 70GHz 
	Macro layer: 4GHz and 30GHz
Micro layer: 30GHz and 4GHz; 70 GHz (optional)
	4GHz and 700MHz
	4 GHz and 30GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL)
30GHz or 70GHz: Up to 1GHz (DL+UL) 
	4GHz: Up to 200MHz (DL+UL) 
30GHz and 70 GHz: Up to1GHz (DL+UL)
	700MHz: Up to 20MHz(DL+UL)
4GHz: Up to 200MHz (DL+UL)
 (Consider larger aggregated system bandwidth if 20MHz 
cannot meet requirement)
	4GHz: Up to 200 MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL)

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Channel model
	Below 6GHz: ITU InH
Above 6 GHz: 5GCM office 
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used 
	Below 6GHz: 3D UMa (Macro layer) and 3D UMi (Micro layer)
Above 6GHz: 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer)
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used
	ITU Rural
	Below 6GHz: 3D UMa
6 GHz: 5GCM UMa
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used

	Cell/Transmission Point/TRxP spectral efficiency
	3x IMT-A InH
	3x IMT-A UMi
	3x IMT-A RMa
	3x IMT-A UMa

	5th percentile user spectrum efficiency
	3x IMT-A InH
	3x IMT-A UMi
	3x IMT-A RMa
	3x IMT-A UMa



In Table2, the evaluation requirement of different test environments are listed, in which according to RAN1’s previous agreements, M.2135/36.873 is selected as the channel model for below 6GHz, while 38.900 is selected as the channel model for above 6GHz. As mentioned before, even TR 38.9xx was agreed to be extended to below 6GHz, it does not mean that RAN1 should enforce it be the only channel model for the following self-evaluation, according to the agreements in NR Ad-Hoc meeting. Therefore the note in channel model row should be removed to align with the latest agreement.
In addition, considering the requirements of 3GPP, e.g., cell spectral efficiency and 5th percentile user spectrum efficiency, the target is three times of IMT-Advanced. In IMT-Advanced, M.2135 was selected as the channel model for evaluation, and 36.873 is fully based on M.2135 with only elevation extension, while TR 38.9xx is derived with high frequency dominated measurement results even for the fundamental pathloss part. 
Based on the discussion above, the channel model determined in TR 38.802 for each scenario seems a good solution for the 5G evaluations. However, it is not fully aligned with RAN1 agreements based on which companies are free to select the channel model for evaluation. Therefore, the channel model used for 5G evaluation should be further studied, at least taking the conclusion in TR 38.802 as a start point.

Consideration on reflecting RAN1 agreements on channel models
Since agreement in NR Ad-Hoc meeting on channel model is related to selecting channel model for the following self-evaluation campaign, it should be regarded as a kind of simulation assumptions for the generic test environments. Therefore, it is proposed to be captured in the TR 38.802 as a guidance on the self-evaluation. Note that since TR 38.900 may be replaced with a new TR 38.9xx, the agreement was revised accordingly to reflect this change (highlighted in yellow).
Proposal: Change channel model assumptions and capture the following agreements in Table A.2.1-1 in TR 38.802.
	Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Channel model
	InH / indoor office (Note1)Below 6GHz: ITU InH
Above 6 GHz: 5GCM office 
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used
	Macro layer: UMa (Note1), Micro layer: UMi (Note1, Note2)Below 6GHz: 3D UMa (Macro layer) and 3D UMi (Micro layer)
Above 6GHz: 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer)
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used
	RMa (Note1)ITU Rural 3D RMa
	UMa (Note1)Below 6GHz: 3D UMa
6 GHz: 5GCM Uma
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used


Note1:
· Two alternatives are provided for single-band and multi-band simulations above and below 6 GHz:
· A single model documented in 38.9xx covering the range 0.5-100 GHz, as proposed in R1-1701195
· 36.873 / M.2135 models below 6 GHz, updated according to R1-170421/446/447, and 38.900 model above 6 GHz
· Companies are free to select which alternative they use, or the alternative to be used may be agreed on a case-by-case basis
Note2: If 38.9xx is used, UMi – street canyon will be used for “UMi”.
Conclusion
In this contribution, consideration on channel models for 5G evaluations is presented. Based on the discussion, the following considerations are proposed.
Observation 1: TR 38.900 and TR 38.9xx are based on the framework of M.2135/TR 36.873 with updated channel parameters and additional new features.
Observation 2: TR 38.9xx and TR 36.873 have obvious performance gap for below 6GHz at least in terms of pathloss and penetration loss parts, e.g., about 4-5dB for median coupling loss at 4GHz.

Proposal: Change channel model assumptions and capture the following agreements in Table A.2.1-1 in TR 38.802.
	Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Channel model
	InH / indoor office (Note1)Below 6GHz: ITU InH
Above 6 GHz: 5GCM office 
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used
	Macro layer: UMa (Note1), Micro layer: UMi (Note1, Note2)Below 6GHz: 3D UMa (Macro layer) and 3D UMi (Micro layer)
Above 6GHz: 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer)
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used
	RMa (Note1)ITU Rural 3D RMa
	UMa (Note1)Below 6GHz: 3D UMa
6 GHz: 5GCM Uma
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used


Note1:
· Two alternatives are provided for single-band and multi-band simulations above and below 6 GHz:
· A single model documented in 38.9xx covering the range 0.5-100 GHz, as proposed in R1-1701195
· 36.873 / M.2135 models below 6 GHz, updated according to R1-170421/446/447, and 38.900 model above 6 GHz
· Companies are free to select which alternative they use, or the alternative to be used may be agreed on a case-by-case basis
Note2: If 38.9xx is used, UMi – street canyon will be used for “UMi”.
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