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1. Introduction
In previous RAN4 discussion for CoMP demodulation performance requirements, the need for CRS interference cancellation (CRS-IC) was identified as key UE functionality to achieve capacity gain in CoMP scenario 3 deployments. After studying test 2-A for colliding CRS scenario and test 2-C for non-colliding CRS scenario, test 2-A was first adopted with test 2-C left for further discussion [1]. As we pointed out in [2], UE requirement mandated by test 2-C is serving cell CRS interference cancellation when UE PDSCH is served by non-serving TP. This can be considered as Rel-11 compromise for CRS-IC requirement in CoMP while comprehensive UE behavior for CoMP CRS-IC is studied in Rel-12. In [5], simulations were provided for a particular scenario where significant gain was observed with full CRS-IC but little gain was observed for serving cell CRS-IC. 

In this contribution, we provide further analyses and system level simulation for the benefit of serving cell CRS-IC in CoMP to justify the need for test 2-C in Rel-11. In particular, we provide analysis on partial loading scenarios and comparison with baseline network configuration without DPB.
2. System level simulation

2.1. Simulation assumptions
We evaluate system performance of CoMP scenario 3 with serving cell CRS-IC. Evaluation methodology is based on the assumptions in [3] with following details. 
· 3GPP HetNet configuration 1 with 4 RRHs randomly distributed in the macro cell

· 30 UEs dropped randomly in macro cell area

· Macro cell PCIs are planned

· RRH cell PCIs are selected so that two strongest macro cells are non-colliding.
· ITU channel model (UMa and UMi)

· Full buffer simulation + partial loading simulation (20%, 40%, 60% loading)
· Full buffer: Static resource partitioning with same blanking pattern in every macro cell.  
· Adaptive DPB SFs configured on macro cells for partial loading simulations.
· 0dB handover bias, .i.e., UE is always associated with strongest cell
· 9dB CoMP threshold, i.e., macro UE can be served by RRH TP that is weaker than serving macro cell by up to 9dB
· Macro UEs served by RRH are scheduled only in ABS SFs
· Macro UEs served by macro cell are scheduled only in non-ABS SFs

· RRH UEs are served both in ABS and non-ABS SFs
For CRS interference, we evaluate following cases. 
· No CRS-IC : CRS interference is not mitigated.
· Serving cell CRS-IC : only serving cell CRS interference is mitigated when PDSCH is served by non-serving TP. 
· Two cell CRS-IC : CRS interference is mitigated for two strongest interfering cell

2.2. Simulation results
In Table 1, we summarize system level performance with different CRS interference handling. 
Table 1. Full buffer system level performance (per-user throughput)
	
	
	5% user data rate 
	50% user data 
	Mean user data rate 

	CoMP DPB

No CRS IC
	Throughput (Kbps)
	517
	2182
	3195

	
	CoMP Baseline
	N/A
	N/A
	N/A

	CoMP DPB

Serving Cell CRS-IC
	Throughput (Kbps)
	625
	2460
	3528

	
	Gain over Baseline (%)
	20.8
	12.7
	10.4

	CoMP DPB

Two Cell CRS-IC
	Throughput (Kbps)
	738
	2560
	3528

	
	Gain over Baseline (%)
	42.7
	17.3
	10.4


Table 2. Partial loading system level performance (per-user throughput)

2.3. Analysis

From network deployment point of view, it would be desirable to mandate serving cell CRS-IC on UE. 

· According to system level analysis shown above, there is certain CoMP deployment scenarios wherein serving cell CRS-IC can provide gain. Network can benefit from increased capacity due to serving cell CRS-IC on UE under such deployment scenario. 

· On the other hand, there could also be CoMP deployment scenarios with extremely low loading wherein no/marginal performance improvement from serving cell CRS-IC is observed [5]. In the same scenario, it was show that there is huge performance degradation due to CRS interference. Although we do not believe this is a meaningful scenario to evaluate the feature, mandating serving cell CRS-IC does not preclude the UE from canceling other interferences as well. 
· Network can benefit from serving cell CRS-IC and it does not rely on the artificial association scheme as argued in [5]. UE attachment to macro or RRH cell is based on RSRP measurement on UE and thus UE is assumed to be attached to strongest cell. UE can get PDSCH from non-serving TP which is weaker than serving cell to optimize system level capacity. CRS interference from serving cell is the strongest CRS interference when UE get PDSCH from non-serving TP. 

3. Feasibility of serving cell CRS-IC in CoMP

Serving cell CRS-IC is CRS interference cancellation with reduced scope applicable to Rel-11 UE when CRS assistance information is not availble. CoMP UE with PDSCH scheduled by non-serving TP can benefit from serving cell CRS interference. We believe serving cell CRS-IC is feasible for UE implementation based on following analyses. 

· Since CRS interference cancellation is a mandatory feature for Rel-11 UE for FeICIC, implementation of serving cell CRS IC would not require additioanl HW complexity on UE. Note that UE has to estimate CRS for serving cell irrespective of whether UE performs serving cell CRS interference or not. Thus, the only additional operation is subtracting CRS from received signal. 

· There is a concern regarding power consumption but it can be justified if there is significant gain. As shown in the link level simulation result in Figure 1, there is huge performance degradation when CRS interference is not cancelled in CoMP scenario 3 with non-colliding CRS. System level gain can also observeed as shown in section 2. Note that UE can always turn off serving cell CRS-IC when additional power consumption cannot be justified by performance gain. 

· Mandating serving cell CRS-IC does not preclude additioanl CRS interference cancellation. As we understand, RAN4 requirement is a minimum performance requirement. When UE has information for CRS interference other than serving cell CRS, UE can do additioanl CRS interference cancellation for better performance. 
· It seems that biggest benefit from serving cell CRS-IC can be obtained when serving macro TP is muted when UE gets PDSCH from non-serving RRH TP, i.e., with dynamic port selection (DPS) in combination with dynamic port blanking (DPB). From UE opeation point of view, DPS+DPB is the most unique scenario CoMP UE has to cope with and that is why all existing CoMP demodulation test is defined with DPS+DPB. 
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Figure 1. CRS-IC in CoMP scenario 3 with non-colliding CRS

4. Conclusion 
In this contribution, we provided further system level simulation results for CRS-IC in CoMP. Furthermore, we analyzed the feasibility of serving cell CRS-IC in terms of UE overhead and system level benefit. 
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