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Discussion and Decision
1. Introduction 
In RAN1#74 MIMO interference issues were discussed. It was illustrated that PCI information of the MIMO interference would bring significant gain for the victim UE which is capable to deal with inter-cell interference. In this contribution we analyze the MIMO interference issues in HetNet co-channel scenario and use the simplified HetNet topology in NAIC to show the performance of the victim UE’s under MIMO interference depending on the availability of PCI information. The simulation results show significant performance improvement when interfering MIMO’s PCI information is available at the victim UE.
2. MIMO interference in HetNet
In HetNet co-channel scenario, if a Macro is transmitting MIMO signal, it would interfere all the LPN edge UEs within the Macro cell’s coverage. Such interference could affect many LPN UEs especially when range expansion is applied at the LPN. If a LPN is transmitting MIMO signal, it would only cause interference to the Macro UE that is around the LPN. If range expansion is applied, such interference could be small because LPN signal strength is usually much less than Macro signal strength. As a result, the impact from LPN MIMO interference to the Macro UE is less compared to the Macro MIMO interference to the LPN UE.

In the following section, we focus on the MIMO interference from Macro to LPN UE. How much impact from Macro’s MIMO interference to those LPN UE is to be evaluated by link level simulations using the simplified HetNet topology in [1].
3. Evaluation of MIMO interference in HetNet
Link level simulation is used to evaluate MIMO interference in HetNet. The detailed simulation framework is described in[1] , where a simplified HetNet deployment is considered. Figure 1 illustrates the Macro, LPN and UE deployments. UE located at L7~L12 is far away from the LPN and the LPN signal strength is at least 20dB smaller than Macro signal strength. So we focus on the Macro’s MIMO interference to LPN UE. In the evaluation, we assume UE located at L1~L6 is served by the LPN. In practice, the actual UE association depends on the Ior difference of Macro and LPN and CIO configurations. 
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Figure 1. Simulation scenario considered for link analysis [4]
In the evaluations, all Macro cells are fully loaded, which is the worst case scenario. The interference environment for UE placed at L1~L6 is listed In Table 1, where LPNIor is the received signal power from the LPN and MacroIor is the received signal power from the major interfering Macro cell. The major interfering Macro is transmitting MIMO single stream signal at full transmit power. Ioc is the sum of received interference signal from all other Macro cells and thermal noise, and Ioc is modelled as Gaussian white noise in the simulations.
Table 1. Ior and Ioc of LPN and its dominant interferer (Outer cells are fully loaded)
	UE Location
	LPN_Ior
[dBm]
	Macro_Ior [dBm]
	LPN_Ior – Macro_Ior
	Ioc [dBm]

	L1
	-69.8104
	-57.892
	-11.9184
	-69.4917

	L2
	-66.9044
	-58.5909
	-8.3135
	-69.785

	L3
	-63.3478
	-59.2611
	-4.0867
	-70.0322

	L4
	-58.7626
	-59.9049
	1.1423
	-70.238

	L5
	-52.3001
	-60.5243
	8.2242
	-70.4069

	L6
	-41.2521
	-61.1211
	19.869
	-70.5431


When LPN_Ior - Macro_Ior >= CIO (RSCP based), then LPN is selected as the serving cell of the UE. Otherwise, Macro is the serving cell. The following table lists the UE locations that can be served by LPN with different CIOs.

Table 2. UE locations that can be served by LPN with different CIOs

	CIO (dB)
	12
	9
	6
	3
	0

	UE locations
	L1~L6
	L2~L6
	L3~L6
	L4~L6
	L4~L6


In the link evaluation, it is assumed that UE at L1~L6 is served by the LPN with MIMO single stream and Macro is transmitting MIMO single stream signal at full power. The LPN UE has a type 3i receiver. Depending on the availability of interfering MIMO’s PCI and common channel IC capability, we can group the UE into 4 types:
Table 3. Types of UE considering the availability of PCI and common channel IC
	
	PCI
	Common chanenl IC

	UE1
	No
	No

	UE2
	Yes
	No

	UE3
	No
	Yes

	UE4
	Yes
	Yes


In the terminology, common channel IC means that common downlink channels such as P-CPICH and P-CCPCH are cancelled at the UE ideally. The performance gain of UE2 over UE1 when common channel IC is not available, and the gain of UE4 over UE3 when common channel IC is available, are shown in in Figure 2, with UE locations at L1~L6.
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Figure 2. Performance gain when PCI information is available for different UE types at locations L1~L6
Firstly, the performance of UE1 and UE2 without common channel IC is compared. It can be seen that significant gain can be observed for UE2 over UE1. Such gain decreases as the UE location is closer to the LPN. At L1, the gain of UE2 over UE1 is 68.5%, while at L5, still 13.3% gain can be observed. The gain is reduced to 0.4% at L6. This is because L6 is close to the center position of LPN and Macro interference strength is about 20dB smaller than LPN signal strength. 
Then, we compare the performance of UE3 and UE4 when both types have common channel IC. Significant gain of UE4 over UE3 can be observed. Similarly to the UE1 to UE2 comparison, such gain decreases as the location is closer to the LPN. At L1, the gain of UE2 over UE1 is 131.5%, while at L5, still 24% gain can be observed. Such gain is reduced to 3.8% at L6.

From the results in Table 1, it can be observed that at L5, the Macro signal strength is already 8dB less than LPN signal strength, and at L6, the Macro signal strength is almost 20dB less than LPN signal strength. As a result, in both cases with and without common channel IC, the availability of PCI information of the MIMO interference can greatly improve victim UE’s performance in most locations served by the LPN. 
Observation 1: In HetNet co-channel scenario, PCI information of the interfering MIMO signal could bring significant gain to type 3i LPN UE in most LPN serving regions.
4. References
[1] R1-133610, Considerations on MIMO enhancements in NA-IC, Huawei, HiSilicon
[2] R1-133605, DL control channel evaluation, Huawei, HiSilicon































































4/4

