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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#86bis, it was agreed that  
· Continue study considering some or all of the following aspects:
· Deployment scenarios/bands, same-/cross-operator considerations
· Resource assignments and rate adaptations
· Frame structure and HARQ/scheduling timing
· Measurements for cross-link interference management
· Signalling (e.g., OTA, backhaul, UE capability, etc.)
· Cross-link interference management (IC/IS, power control, etc.)
· Centralized vs. distributed interference/resource management
· Beamforming/MIMO
· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)
· Latency reduction
· Whether or not LTE interference/resource management can be used as a starting point (as applicable)
· Sensing
· RS design
· Advanced receiver
· Timing alignment between DL and UL 
In flexible duplex, the instantaneous resource allocation for a DL or UL packet could be increased by adaptive allocation of DL/UL configurations compared to the fixed configuration, which is beneficial to improve the DL and UL user perceived throughput (UPT). However, due to the possibility of different DL/UL configurations at different TRPs, there will be cross-link interference, i.e., BS-to-BS and UE-to-UE interference. Such interference might degrade the performance on spectral efficiency if not appropriately handled. Therefore, in the above agreements, there are several items related to handling such interferences (see italic fonts above). 
To study the cross-link interference mitigation schemes for flexible duplex, system-level evaluation is required. In this case, the channel / propagation characteristics of these cross links need to be appropriately modeled in system-level evaluation. It is also noted that for 5G NR, the use of spatial characteristics for cross-link interference mitigation is becoming more evident. Therefore the small scale characteristics need to be modeled appropriately especially when evaluating BF / MIMO capability for cross-link interference mitigation. 
On the other hand, the modeling of these additional links would increase the complexity of the system-level evaluation. To make the simulation efficient and affordable, one needs to take into account the complexity as well as the evaluation accuracy for comparing different candidate schemes.
This contribution discusses the evaluation method considering the additional modeling of cross-link propagation characteristics.
[bookmark: _Ref129681832]BS-to-BS and UE-to-UE propagation characteristics 
At RAN1#86, the small scale characteristics (fasts fading parameters) of BS-to-BS and UE-to-UE channels are agreed, as shown in Table 1 (see [1],[2]).  
[bookmark: _Ref465594506]Table 1 Fast fading parameters for BS-to-BS and UE-to-UE in Dense urban, Urban macro, and Indoor
	Parameters 
	Dense urban 
	Urban macro 
	Indoor hotspot 

	Fast fading parameters 
	Below 6GHz:
· Macro-to-UE: 3D UMa 
· Micro-to-UE: 3D Umi 
· Macro to Macro: 3D UMa O-to-O (h_UE=25m); ASA and ZSA statistics* updated to be the same as ASD and ZSD; ZoD offset = 0
· Macro to Micro: 3D Uma O-to-O
· Micro to Micro: 3D Umi O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· UE to UE: InH for indoor to indoor, and 3D Umi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. Dual mobility support. 
Above 6GHz:
· Macro-to-UE: 5GCM UMa 
· Micro-to-UE: 5GCM Umi 
· Macro to macro: 5GCM UMa O-to-O (h_UE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· Macro to micro: 5GCM UMa O-to-O
· Micro to Micro: 5GCM UMi O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· UE to UE: 5GCM UMi; ASD and ZSD statistics updated to be the same as ASA and ZSA. Dual mobility support. 
	Below 6GHz:
· TRP-to-UE: ITU InH 
· TRP-to-TRP: ITU InH (h_UE=3m), ASA statistics updated to be the same as ASD 
· UE-to-UE: A.2.1.2 in TR36.843 (ITU InH), ASD statistics updated to be the same as ASA. 
Above 6GHz:
· TRP-to-UE: 5GCM Indoor-office
· TRP-to-TRP: 5GCM Indoor-office (h_UE=3m), ASA and ZSA statistics* updated to be the same as ASD and ZSD 
· UE-to-UE: 5GCM Indoor-office (h_BS=1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA 


* NOTE: Statistics of ASA/ASD and ZSA/ZSD include its mean, standard variance, correlation distance in the horizontal plane, and in-cluster angular spread (e.g., cluster ASA/ASD)
It can be seen that if the small scale characteristics are modeled for each BS-to-BS link and UE-to-UE link, the simulation complexity would be increased considerably. 
One possible way to reduce the complexity is to consider the number of strong UE-to-UE/BS-to-BS links, whereas small scale (fast fading) parameters will be modeled for those strong UE-to-UE/BS-to-BS links; but for other cross links (which behave  as interferences), only large scale parameter will be generated. Such concept is applied in SCM model as in TR25.996. The reduced accuracy of modeling of weak links would not impact the evaluation results very much. Another point is the exploitation of BS-to-BS mobility where we found that static model could be a good approximation of BS-to-BS links.
The following sections provide further details on the above issues.
Strong UE-to-UE links
In flexible duplex scenario, one receiver UE may receive the interference from other BSs (macro and micro) as well as UEs served by other BSs which may have different DL/UL configuration. The UE-to-UE links (the two-end UEs being served by different BSs) with strong receive power compared to BS-to-UE links could be regarded as “strong UE-to-UE link”, and deserve to model their small scale parameters. 
The received interference power would be related to several components including transmit power of interferers, the pathloss and penetration loss from the interferer to the receiver UE. To compare the receive power from a BS interferer and an UE interferer to find out the potential strong UE-to-UE links, a comparison on the above components of different interferers are made in Table 2, according to the agreements in [1-4].
It can be seen that for transmit power, UE transmit power is significantly lower than micro TRP or macro TRP. The transmit power spectral density (PSD) of the UE would be further dependent on the allocated UE bandwidth. Usually, for low load to median load, one UE could occupy the whole bandwidth or considerable portion of bandwidth. By assuming that a UE could occupy more than 1/2 of the bandwidth, the transmit PSD of interfering UE compared to interfering micro TRP is at least 7dB lower, and at least 18dB lower when compared to macro TRP for below 6GHz.
For penetration loss, if the interferer is a UE, the penetration loss to the receiver UE is generally considerably larger compared to the interferer of a micro and macro TRP, except the interferer UE and the receiver UE are in the same building. 
For pathloss, it would dependent on the distance of interferer and the receiver UE, as well as the propagation loss law. The propagation loss law and the distance of UE to UE are similar to Micro TRP to UE. 
[bookmark: _Ref465595605]Table 2 Comparison of transmit power and propagation characteristics (for Dense urban and urban macro) (
Interference source
)
	 (
Parameter
)
	Macro TRP
	Micro TRP
	In-car UE (“UE B”)
	Indoor UE (“UE B”)

	
	
	
	
	In different buildings
	In the same building

	Transmit power of intf.  sources
	Below 6GHz
	Dense urban: 44dBm/20MHz
Urban macro: 49dBm/20MHz
	Dense urban: 33dBm/20MHz
	Maximum 23dBm on allocated user BW; 
Power control applies

	
	Above 6GHz
	Dense urban:
40dBm/80MHz
Urban macro: 43dBm/80MHz
	Dense urban: 33dBm/80MHz
	For 30GHz: Maximum 23dBm on allocated user BW; 
Power control applies

	Penetration loss to receiver UE
	For indoor receiver UE (“UE A”)
	PLoss =  PLoss_o2i_A
	PLoss = PLoss_o2i_A + PLoss_incar_B
	PLoss = PLoss_o2i_A + PLoss_o2i_B
	For below 6GHz: 18.3dB when on different floors; otherwise 0.
For above 6GHz: PLoss = |nA-nB|Lconceret

	
	For in-car receiver UE (“UE A”)
	PLoss = PLoss_incar_A
	PLoss = PLoss_incar_A + PLoss_incar_B
	PLoss = PLoss_incar_A + PLoss_o2i_B

	Pathloss to receiver UE
	Below 6GHz
	3D UMa in TR36.873
	3D UMi in TR36.873
	Table A.2.1.2 in TR36.843

	
	Above 6GHz
	“5GCM” UMa in TR38.900
	“5GCM” UMi in TR38.900
	“5GCM” UMi (h_BS=1.5m ~ 22.5m) in TR38.900


In general, it could be found that the interference power from a UE might be considerably lower than from a micro or macro TRP, due to its considerably lower transmit PSD and significantly larger penetration loss, except when both UEs are on the same floor in the same building. Although the pathloss of a UE to UE might be smaller than a macro or micro TRP to UE, in the case of ISD=200m and 500m, it would not be significant as compared to transmit PSD and penetration loss.
Figure 1 further plots the coupling loss comparison among different link types, including in-car UE to indoor UE, indoor UE to indoor UE (in the same building, or otherwise), macro TRP to indoor / in-car UE, and micro TRP to indoor / in-car UE. It could be seen that only indoor UE to indoor UE in the same building has comparably small coupling loss to macro / micro TRP to UE.
[image: ]
Figure 1 Coupling loss comparison among different link types
Based on the above observations, the following proposal is made.
Proposal 1: For flexible duplex evaluation, only the UE-to-UE links with both UEs in the same building and being served by different TRPs will be accounted as strong UE-to-UE links and their small scale channel parameters could be explicitly modelled.
Characteristics of BS-to-BS links
For BS-to-BS link, it is noted that in the current assumption of deployment scenario, both ends of BS TRPs are static (with mobility of 0km/h). In this case, there is no Doppler shift occurring due to transmitter or receiver movement for such type of links. 
On the other hand, for BS-to-BS link (i.e., macro-to-macro, macro-to-micro, and micro-to-micro), the environment is also generally static considering their deployment height (above 10m), since the moving scatterers are generally the vehicles on ground (with height usually lower than 3m) and pedestrians on ground (usually with height lower than 2m). In this case, there is very limited Doppler shift due to moving scatterers. 
Considering these observations, it is reasonable to assume a static channel between BS and BS. In this case, the simulator just needs to calculate the channel matrix only once at the beginning of the simulation, which could reduce the simulation complexity as well.
Proposal 2: For BS-to-BS links, a static channel coefficient could be assumed without time varying induced by Doppler shifts.
Conclusions
In this contribution, evaluation method of flexible duplex with consideration of additional modelling of BS-to-BS and UE-to-UE small scale channel parameters is discussed. The following proposals are made:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For flexible duplex evaluation, only the UE-to-UE links with both UEs in the same building and being served by different TRPs will be accounted as strong UE-to-UE links and their small scale channel parameters could be explicitly modelled.
Proposal 2: For BS-to-BS links, a static channel coefficient could be assumed without time varying induced by Doppler shifts.
References
R1-1608562 “Final Report of 3GPP TSG RAN WG1 #86 v1.0.0”, October 2016, RAN1#86bis.
R1-168372	 “WF on channel model issues for flexible duplex evaluation”, Huawei, HiSilicon, Intel, August 2016, RAN1#86.
R1-168373	 “WF on penetration issues for flexible duplex evaluation”, Huawei, HiSilicon, LG Electronics, August 2016, RAN1#86.
R1-1610848 “TR 38.802 Study on New Radio (NR) Access Technology - Physical Layer Aspects”, v0.3.0, NTT DOCOMO, RAN1#86bis.
image1.png
Lur

09t

08t

07f

05t

04f

03f

macro TRP

micro TRP

in-car UE

indoor UE

in the same bulding

%6 20 ow w0 4o 0 0 8 6 40
Coupling loss(dB)

02t

01





