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1.  Introduction

A LS [1] was sent from RAN1#68 to request RAN4 to complete section 5 on the feasibility study of the TR 36.828 for Rel-11 SI FS_LTE_TDD_eIMTA. Currently RAN4 have already conducted two batches evaluations:

· The first batch evaluation evaluated the following scenarios and the simulation assumptions in [2] and the results are captured on the [3] without online discussion in RAN4#62. A LS [4] was sent to RAN1. 
· Femto cells co-channel deployment
· Femto –Macro adjacent channel deployment, where macro cells have the same UL-DL configuration and femto cells can adjust its UL-DL configuration

· Outdoor pico co-channel deployment
· Outdoor pico –Macro adjacent channel deployment , where macro cells have the same UL-DL configuration and outdoor pico cells can adjust its UL-DL configuration
· The second batch evaluation focus on the following 3 scenarios basing on assumptions in [5]. The results are discussed on RAN4#62bis but not agreed and captured yet.
· Femto-Macro co-channel single operator case;

· Outdoor Pico-macro co-channel single operator case;

· Macro-Macro adjacent-channel multiple operators case.

In this contribution, we discuss the criteria of feasibility of coexistence scenario for applying different UL/DL configuration, intent to provide some guidance for the RAN1 following discussion on the interference mitigation schemes. 
2. Discussion on the criteria of feasibility 
The first batch results captured in [3] contains observations on the UL and DL geometry, where “Significantly degraded/improved”, “Similar/almost identical”, and “Slightly degraded/ improved” were labelled. Furthermore, in the LS [4] concluded that significant coexistence challenges observed for scenarios 1 to 4 without any interference mitigation mechanisms, while the scenarios can be assumed feasible providing sufficient interference mitigation mechanisms. 
There are no criteria of feasibility have been discussed in RAN4 yet. And we see the importance to have consensus on criteria of feasible coexistence scenario for the following reasons:
· To ensure the system performance under coexistence scenario with different UL/DL configuration applied. 

· To evaluate whether the proposed interference mitigation schemes are effective. 

With different interference mitigation mechanism applied in systems, the performance evaluation should be checked from two aspects: one is the gain through dynamic UL/DL configuration, the other is the performance degradation applying the different UL/DL configuration. The tradeoffs between the gain and the pain should be leveraged at least ensuring the coexistence feasibility.  That means the interference mitigation mechanism should achieve the goal that at least the network applies with the mitigation mechanism can provide feasible performance for coexistence. 
The following figures cited some examples showing the different results in different scenarios.
Case A: Femto-Femto co-channel:

Figure 1 and Figure 2 shows the Femto-Femto co-channel, without or with interference mitigation methods.
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Figure 1: Femto-Femto co-channel without power control (DL Femto Tx power = 20dBm)
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Figure 2: Femto-Femto co-channel with power control
It is clearly show that with the proper DL power control, the UL and DL geometry with flexible UL/DL configuration are almost the same with the baseline distribution with similar fixed UL/DL configuration. In this condition, the scenario can be assumed as feasible for coexistence with flexible UL/DL configuration.
Case B: Femto-Macro adjacent channel:
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Figure 3: Macro UE’s UL and DL Geometry on Femto-Macro ACI scenario.  

[image: image4]
Figure 4: Femto UE’s UL and DL Geometry on Femto-Macro ACI scenario without interference mitigation.
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Figure 5: Femto UE’s UL and DL Geometry on Femto-Macro ACI scenario with interference mitigation (Femto DL PC).
In this Femto-Macro Co-channel case, the Macro UE’s UL/DL geometries (figure 3) with flexible UL/DL configuration are almost the same with the baseline geometries with similar fixed UL/DL configuration. Thus no problem introduced for Macro performance. However, for Femto UE, the power control utilization makes the curve of DL geometry with fixed configuration (baseline with power control scheme) moving to the left (compare figure 5 to figure 4), and by applying the flex-TDD the DL geometry (figure 5 DL SINR, Flex-tdd) is only drawn back to almost the similar place of DL geometry for baseline without power control scheme (figure 4 DL SINR, Baseline), with slight degradation (e.g. 2dB) no more than 3dB.
From the previous cited 2 cases, the following criteria are suggested to decide whether a scenario (with or without interference mitigation scheme) is feasible with flexible UL/DL configuration:
· Baseline performance: the UL and DL SINR CDF curve on the case of full synchronization and same UL/DL configuration, under the agreed scenario simulation assumption without interference mitigation scheme. 

· Feasibility criteria: The UL/DL flexible configuration can be considered feasible for a certain scenario when the following criteria can be fulfilled:
· Option 1: absolute criteria (considering the minimum decoding performance): the UL or DL SINR CDF curve with flexible configuration is larger than:

· [-3] dB for DL 5%-ile 

· [7] dB for DL 50%-ile 

· [-5] dB for UL 5%-ile 

· [0] dB for UL 50%-ile 
And offset criteria (considering the performance degradation): the UL or DL SINR CDF curve degradation from the baseline performance curve is not larger than:

·  [3] dB for 5%-ile 

·  [3] dB for 50%-ile
· Option 2: throughput criteria(considering the performance performance degradation): throughput degradation comparing with the baseline performance is not larger than: 
· [5]% for 5%-ile
· [5]% for 50%-ile

3. Summary of the feasibility for evaluated scenarios
In the following table, we summarized our previous simulation results of all the evaluated scenarios [6][7], and provide our view on the feasibility conclusions given the currently identified interference mitigation schemes.

Table 1: Summary of the feasibility for evaluated scenarios

	Scenarios
	Geometry
	SINR
	SINR
	Conclusion

	Femto-Femto CCI
	
	Femto UL 5%-ile
	Femto UL 50%-ile
	Femto DL 5%-ile
	Femto DL 50%-ile
	
	
	
	
	With interference mitigation scheme on the agreed simulation assumption (DL PC), this scenario is feasible with flexible UL/DL configurations.  

	
	Base line without PC
	7dB
	22dB
	5dB
	27dB
	
	
	
	
	

	
	Flexible UL/DL
	-20dB
	5dB
	7dB
	35dB
	
	
	
	
	

	
	Flexible UL/DL With interference mitigation (DL PC)
	5dB
	22dB
	5dB
	24dB
	
	
	
	
	

	Femto-Femto ACI
	
	
	
	
	
	
	
	
	
	Not evaluated but the coexistence should be better than the case of Femto-Femto CCI, thus it can be assumed as feasible with interference mitigation scheme.
It is still open if this scenario is feasible also without interference mitigation since no relevant evaluation yet.

	Femto-Macro ACI
	
	Femto UL 5%-ile
	Femto UL 50%-ile
	Femto DL 5%-ile
	Femto DL 50%-ile
	Macro UL 5%-ile
	Macro UL 50%-ile
	Macro DL 5%-ile
	Macro DL 50%-ile
	With interference mitigation scheme on the agreed simulation assumption (DL PC), this scenario is feasible with flexible UL/DL configurations.  

	
	Base line without PC
	2dB
	18dB
	2dB
	22dB
	-3dB
	4dB
	-1.5 dB
	6dB
	

	
	Flexible UL/DL
	-22dB
	2dB
	5dB
	32dB
	-3dB
	4dB
	-1.5 dB
	6dB
	

	
	Flexible UL/DL With interference mitigation (DL PC)
	3 dB
	17 dB
	3dB
	20 dB
	-2dB
	4dB
	-1dB
	6dB
	

	Femto-Macro CCI
	
	Femto UL 5%-ile
	Femto UL 50%-ile
	Femto DL 5%-ile
	Femto DL 50%-ile
	Macro UL 5%-ile
	Macro UL 50%-ile
	Macro DL 5%-ile
	Macro DL 50%-ile
	The major performance degradations are on Femto DL 5%-ile and the Femto UL 5% and 50%-ile.
Currently no proper interference mitigation scheme is identified.

	
	Base line (consider Femto UL DL power control)
	-4 dB
	18 dB
	-32 dB
	-13 dB
	-4 dB
	5 dB
	-2 dB
	5 dB
	

	
	Flexible UL/DL with DL PC
	-26 dB
	2 dB
	-26 dB
	5 dB
	-4 dB
	5 dB
	-2 dB
	5 dB
	

	
	Flexible UL/DL With further interference mitigation 
	
	
	
	
	
	
	
	
	

	Outdoor Pico-Pico CCI
	
	Pico UL 5%-ile
	Pico UL 50%-ile
	Pico DL 5%-ile
	Pico DL 50%-ile
	
	
	
	
	The loss of Pico UL SINR in 5%-ile comes from the strong interference from DL Pico BS to UL Pico BS. 
With proper interference mitigation scheme (CPL threshold =80dB (e.g. 100m seperation) to decide whether pico can have flexible UL/DL config), this scenario is feasible with flexible UL/DL configurations.  

	
	Base line
	5dB
	19dB
	4dB
	24dB
	
	
	
	
	

	
	Flexible UL/DL
	-20dB
	16dB
	6dB
	36dB
	
	
	
	
	

	
	Flexible UL/DL With interference mitigation (80dB CPL)
	5dB
	19dB
	5dB
	29dB
	
	
	
	
	

	Outdoor Pico-Macro ACI
	
	Pico UL 5%-ile
	Pico UL 50%-ile
	Pico DL 5%-ile
	Pico DL 50%-ile
	Macro UL 5%-ile
	Macro UL 50%-ile
	Macro DL 5%-ile
	Macro DL 50%-ile
	The major performance degradations are on Pico UL5%-ile and 50%-ile.

Currently no proper interference mitigation scheme is identified.

	
	Base line
	0 dB
	13 dB
	0 dB
	12.5 dB
	-1dB
	5dB
	-2.5dB
	5dB
	

	
	Flexible UL/DL
	-38 dB
	-2 dB
	2dB
	20 dB
	-1dB
	5dB
	-2.5dB
	5dB
	

	
	Flexible UL/DL With interference mitigation (80dB CPL)
	-15 dB
	4 dB
	2 dB
	18 dB
	
	
	
	
	

	Outdoor Pico-Macro CCI
	
	Pico UL 5%-ile
	Pico UL 50%-ile
	Pico DL 5%-ile
	Pico DL 50%-ile
	Macro UL 5%-ile
	Macro UL 50%-ile
	Macro DL 5%-ile
	Macro DL 50%-ile
	The baseline performance is not reasonable due to the simulation assumption that Macro UE may be located in Pico cell area and can only be served by Macro BS( Macro BS serves Macro UE  Pico BS serves Pico UE).
The major performance degradations are on Pico and Macro UL5%-ile and 50%-ile.

Currently no proper interference mitigation scheme is identified.

	
	Base line
	-25 dB
	2 dB
	-30 dB
	-5 dB
	-7dB
	2 dB
	-14 dB
	3 dB
	

	
	Flexible UL/DL
	-50 dB
	-25 dB
	-17 dB
	12 dB
	-38dB
	-23 dB
	-9 dB
	4 dB
	

	
	Flexible UL/DL With interference mitigation (80dB CPL for Pico)
	-50 dB
	-4 dB
	-17 dB
	10 dB
	-38dB
	-23 dB
	-9 dB
	4 dB
	

	Macro-Macro ACI
	
	Macro UL 5%-ile
	Macro UL 50%-ile
	Macro DL 5%-ile
	Macro DL 50%-ile
	
	
	
	
	The major performance degradations are on Macro UL5%-ile and 50%-ile.

Currently no proper interference mitigation scheme is identified.

	
	Base line
	2 dB
	10.5 dB
	2 dB
	12 dB
	
	
	
	
	

	
	Flexible UL/DL
	-3 dB
	2.5 dB
	2 dB
	12 dB
	
	
	
	
	

	
	Flexible UL/DL With interference mitigation 
	
	
	
	
	
	
	
	
	


4. Concluding Remarks

In this contribution, we discussed the considerations for the criteria of feasible scenario for network coexistence with different DL/UL configuration applied. We provide two examples to show how a scenario could be assumed as feasible, and provide a suggestion for feasibility criteria. Then we capture our previous simulation results of all evaluated scenarios in table 1 and provide our view on the feasibility conclusions given the currently identified interference mitigation schemes.
We propose to consider the feasibility criteria in TR 36.828[6] section 5 and proposed text is in annex section. 
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6. Annex text 

The following is the text proposal for section 5 Feasibility study of TR[8]. 
---------------------Text proposal -------------------------

5.x+1 summary

…

Feasibility criteria are defined as following to decide whether a scenario (with or without interference mitigation scheme) is feasible with flexible UL/DL configuration:
· Baseline performance: the UL and DL SINR CDF curve on the case of full synchronization and same UL/DL configuration, under the agreed scenario simulation assumption without interference mitigation scheme. 

· Feasibility criteria: The UL/DL flexible configuration can be considered feasible for a certain scenario when the following criteria can be fulfilled:
· Option 1: absolute criteria (considering the minimum decoding performance): the UL or DL SINR CDF curve with flexible configuration is larger than:

· [-3] dB for DL 5%-ile 

· [7] dB for DL 50%-ile 

· [-5] dB for UL 5%-ile 

· [0] dB for UL 50%-ile 
And offset criteria (considering the performance degradation): the UL or DL SINR CDF curve degradation from the baseline performance curve is not larger than:

·  [3] dB for 5%-ile 

·  [3] dB for 50%-ile
· Option 2: throughput criteria(considering the performance performance degradation): throughput degradation comparing with the baseline performance is not larger than: 
· [5]% for 5%-ile
· [5]% for 50%-ile

Table 1: Summary of the feasibility for evaluated scenarios
	Scenarios
	Geometry
	SINR
	SINR
	Conclusion

	Femto-Femto CCI
	
	Femto UL 5%-ile
	Femto UL 50%-ile
	Femto DL 5%-ile
	Femto DL 50%-ile
	
	
	
	
	

	
	Base line
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL With interference mitigation (DL PC)
	
	
	
	
	
	
	
	
	

	Femto-Femto ACI
	
	
	
	
	
	
	
	
	
	

	Femto-Macro ACI
	
	Femto UL 5%-ile
	Femto UL 50%-ile
	Femto DL 5%-ile
	Femto DL 50%-ile
	Macro UL 5%-ile
	Macro UL 50%-ile
	Macro DL 5%-ile
	Macro DL 50%-ile
	

	
	Base line
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL With interference mitigation (Detailed description)
	
	
	
	
	
	
	
	
	

	Femto-Macro CCI
	
	Femto UL 5%-ile
	Femto UL 50%-ile
	Femto DL 5%-ile
	Femto DL 50%-ile
	Macro UL 5%-ile
	Macro UL 50%-ile
	Macro DL 5%-ile
	Macro DL 50%-ile
	

	
	Base line (consider Femto UL DL power control)
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL With interference mitigation (Detailed description)
	
	
	
	
	
	
	
	
	

	Outdoor Pico-Pico CCI
	
	Pico UL 5%-ile
	Pico UL 50%-ile
	Pico DL 5%-ile
	Pico DL 50%-ile
	
	
	
	
	

	
	Base line
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL With interference mitigation (Detailed description)
	
	
	
	
	
	
	
	
	

	Outdoor Pico-Macro ACI
	
	Pico UL 5%-ile
	Pico UL 50%-ile
	Pico DL 5%-ile
	Pico DL 50%-ile
	Macro UL 5%-ile
	Macro UL 50%-ile
	Macro DL 5%-ile
	Macro DL 50%-ile
	

	
	Base line
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL With interference mitigation (Detailed description)
	
	
	
	
	
	
	
	
	

	Outdoor Pico-Macro CCI
	
	Pico UL 5%-ile
	Pico UL 50%-ile
	Pico DL 5%-ile
	Pico DL 50%-ile
	Macro UL 5%-ile
	Macro UL 50%-ile
	Macro DL 5%-ile
	Macro DL 50%-ile
	

	
	Base line
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL With interference mitigation (Detailed description)
	
	
	
	
	
	
	
	
	

	Macro-Macro ACI
	
	Macro UL 5%-ile
	Macro UL 50%-ile
	Macro DL 5%-ile
	Macro DL 50%-ile
	
	
	
	
	

	
	Base line
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL
	
	
	
	
	
	
	
	
	

	
	Flexible UL/DL With interference mitigation
(Detailed description) 
	
	
	
	
	
	
	
	
	


---------------------End of the Text proposal -------------------------
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