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Discussions
1 Introduction 
In RAN#55, it was agreed that RAN4 will conduct email discussions to agree on the scenarios and the simulation assumptions in order to progress the study item. The goal of the email discussions is to identify at least one multi-cell deployment scenario where different UL-DL configurations in different cells are feasible from RAN4 perspective, specifically from the co-existence point of view.
In this contribution, a deterministic approach is used where the minimum isolation for BS to BS for these three deployment scenarios: Macro-Macro, Macro-Pico and Macro-Femto, are analyzed. Three performance metrics are utilized to compute the isolation requirements: co-channel, adjacent channel and non-adjacent channel interference.  The system parameters and assumptions used are as per agreed in the email discussions with additional clarifications provided where applicable. 

2 BS to BS Required Isolation
As mentioned above, this study uses the simulation parameters as per agreement from the email discussions.  Additional explanations and parameters are provided below. 

· The evaluation applies to a time slot in RX (victim BS) interfered by a DL subframe transmitted by the aggressor BS. It computes the additional isolation in dB that is needed in addition to the free space loss from the BS to BS inter-site distances (ISD).  In both Macro-Pico and Macro-Femto deployment scenarios, the macro BS is assumed in the analysis to be the interferer i.e. the macro BS with DL subframe and pico/femto BS with UL subframe. 

· The BS Noise Figure (NF) is 5 dB and Noise Density is assumed to be -109dBm/MHz. In addition, perfect RX selectivity (infinite ACS) assumed and 3dB cable loss is assumed.

· A receiver desensitization of 0.8 dB is used which for a propagation loss slope of 35dB/decade would correspond to 10% loss in the uplink cell coverage. The same desensitization value is applied for all Macro, Home and Pico base stations. 
· For non-Adjacent carriers unwanted emissions, -15dBm/MHz is assumed as per Section 6.6.3.2.1-6 of TS36.104 where emissions by interferer for Non-Adjacent carriers (CatB) are defined for 5. 10, 15 and 20 MHz interfering BS channels with 10 MHz guard band. For a 5-MHz interfering BS with a 5-MHz guard band, the "Emissions by interfere for Non-Adjacent carriers (CatB)" could be -14 dBm/100 kHz which is higher than -15 dBm/MHz; 
· It is noted that the BS-to-BS interference analysis should consider not only the interfering BS Tx emission limits but also the affected BS Rx blocking requirement. In some cases, adjacent channel interference form BS to BS could be dictated by the affected BS Rx blocking rather than the interfering BS Tx emission mask.
	Deployment Scenarios
	BS-BS Isolation (dB)
	Notes

	Macro-Macro
	Co-channel
	86.6 dB
	Additional isolation in addition to the 500m free space propagation loss.  

	
	Adjacent channel
	41.6 dB
	

	
	Non Adjacent Channel
	35.6 dB
	

	Macro-Outdoor Pico 
	Co-channel
	46.7 dB
	NLOS path loss model is used 

	
	Adjacent channel
	1.7 dB
	 

	
	Non Adjacent Channel
	- 4.3 dB
	

	Macro-Femto 
	Co-channel
	19.2 dB
	Indoor BS with 20dB wall loss

	
	Adjacent channel
	- 25.8 dB
	

	
	Non Adjacent Channel
	-31.8 dB
	


Table 1: Required Additional Isolation, ISD = 500m

	Deployment Scenarios
	BS-BS Isolation (dB)
	Notes

	Macro-Macro
	Co-channel
	75.8 dB
	Additional isolation in addition to the 1732m free space propagation loss.  

	
	Adjacent channel
	30.8 dB
	

	
	Non Adjacent Channel
	24.8 dB
	

	Macro-Outdoor Pico 
	Co-channel
	27.1 dB
	NLOS path loss model is used 

	
	Adjacent channel
	- 17.9 dB
	 

	
	Non Adjacent Channel
	- 23.9 dB
	

	Macro-Femto 
	Co-channel
	- 1.1 dB
	Indoor BS with 20dB wall loss

	
	Adjacent channel
	- 46.1 dB
	

	
	Non Adjacent Channel
	- 52.1 dB
	


Table 2: Required Additional Isolation, ISD = 1732m

From the results in Table 1 and 2 above, for Macro-Macro scenario, additional of more than 30dB decoupling is needed even in the case of non adjacent channel interference for ISD of 500m. As expected, this scenario is impractical and if deployed would result in uplink overload failure. Similar results are also obtained for co-channel Macro-Pico (outdoor) scenario, where additional of 27.1 dB of isolation is needed.  For Macro-Femto scenario, additional isolation of 19 dB and - 1 dB are needed for ISD of 500m and 1732m, respectively.

On the other hand, current decoupling is shown to have sufficient isolation for Macro-Pico and Macro-Femto in adjacent and non-adjacent deployments.  These results show that in some specific scenarios, such as when the systems are not co-channel, coexistence is possible. The coexistence outcome is therefore dependent on the network layout and path loss situations, and for co-channel deployments to coexist, effective mitigation of the interference is needed in all deployments type with the exception of Macro-Femto scenario with ISD of 1732m. It should also be clear from the analysis above that in some deployments; the use of dynamic reconfiguration has severe consequences to the BS performance. 

3 Discussions  
This study has provided some coexistence requirements based on previously agreed deterministic analysis methodology in RAN4. Deterministic analysis is fitting for BS to BS interference analysis as deployed base stations are static and also it is not affected similar to UE to UE interference scenario by mobility and fading considerations. 

From the SID, the aspects relevant to RAN4 are:   

· RAN1 and RAN4 to jointly identified the multi-cell scenarios and the impact of dynamic reconfiguration of UL-DL on the co-channel and adjacent channel interference (coexistence) in the network.

· Details of the scenarios to be selected for consideration in the study will be jointly decided in RAN4 and RAN1 taking coexistence into considerations. These considerations include defining the specific deployment scenarios, the parameters for isolated and multi-cell scenario and heterogeneous deployments.

On the question of impact of dynamic reconfiguration of TDD UL-DL, the results show the existence of severe interference, especially for the macro homogeneous deployments for both co-channel and adjacent channel deployments. In heterogeneous deployments such as macro-outdoor pico and macro-femto, adjacent channel deployments are feasible while the co-channel deployments still faces challenging co-existence interference. 
These results, not surprisingly, point to the challenges ahead in terms of how to best utilize and possibly specify the dynamic reconfiguration of TDD subframe. There have been arguments made that the feature is only used or enabled in the right scenario where these BS-BS interference is not severe. However, such may not be a practical assumptions as real deployments consists of various varying factors such as with different neighbouring operators colocating and various changing channels and deployment parameters. Therefore, any interference mitigating solutions should be applicable to more than just one specific deployment scenario. 
Moreover, the effectiveness of existing interference mitigation and coordination mechanisms (e.g. RNTP/OI/HII) on BS-BS and UE-UE interference should be examined. Existing functionalities that currently available in Release 10 could be considered for the BS-BS (and also the UE-UE) interference. Specifically, the UL Overload Indicator (OI) and the use of DL ABS may be able to, in some degree, help mitigate these interferences.

4 Conclusions

From the results presented above, we conclude with the following observations for the TDD UL-DL SI:
· Significant interference in the BS uplink due to BS-BS interference has been observed using deterministic coexistence analysis for both homogeneous and heterogeneous co-channel deployments;  
· Where useful performance gains can be achieved in some specific scenarios, it is worthwhile to consider interference mitigation techniques for other scenarios where interference has been found to be severe. 
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