3GPP TSG-RAN WG1 Meeting #70
R1-123419
Qingdao, China, August 13-17, 2012
Agenda item:       7.5.1.2
Source:
Hitachi Ltd.
Title:
Interference Measurement Resource for CoMP
Document for:     Discussion and Decision
1    Introduction
Interference measurements have been identified as a problem and it was concluded in RAN1 #67 [1] that:

· The support provided in Rel-10 for interference measurements is not satisfactory for Rel-11.

· Interference measurements using CRS REs alone are not satisfactory for Rel-11.

In RAN #69 [2], it was further concluded that when a UE is configured to report CSI, 
· Each CSI is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: 

· one Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS

· FFS whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR

· Configuration of multiple CSIs

· IMRs associated with different CSIs can be configured independently

· If NZP CSI-RS resources are configured (as per the FFS above), they can be different for different CSIs

· FFS the maximum number of CSIs configurable for one UE 

Thus the maximum number of configured IMRs is still to be decided. The granularity of IMR also has been subject of much investigation [2] and the desired values for given deployments have not yet been agreed upon. In this contribution   
2 IMR for CoMP
Multiple IMRs can be configured per UE as part of multiple CSI reports. The interference hypotheses measured by these IMRs can also be different. According to some companies [3], the UE can be configured a single IMR which essentially measures the out of CoMP measurement set interference. The UE could either treat this as the interference while reporting CQI and also could emulate the interference coming from base stations in the CoMP measurement set. Other companies [4], advocate the presence of multiple IMRs per UE, so that the UE can explicitly measure interferences from base stations within the CoMP measurement set while computing CQI.  
The granularity of IMR affects the performance of any IMR algorithm. Higher granularity yields better estimation, but comes at a cost of higher overhead. Also a granularity of 4 Res/PRB leads of minimum changes in existing standard [4] as IMRs will be chose from the set of ZP CSI-RS resources.  
3 Performance evaluation
In this contribution we measure the performances of the following IMR schemes with different IMR granularities. 
Scheme 1: Only 1 IMR is configured to measure out of CoMP measurement set interference 

Scheme 2: For measurement set size N, N IMRs are configured for per point CSI feedback.

The aim is to establish improve the understanding about optimum number of IMRs needed and IMR granularity and make a recommendation for Rel-11 standardization.  
3.1 Simulation methodology and assumptions 
The basic parameters for simulation are listed in the appendix. We will evaluate the performance of JT CoMP in this contribution. 
3.2 Simulation results
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Figure 1: Throughput results for JT CoMP with different IMR configurations for HetNet Conf 1 deployment
	
	Average UE Throughput (Mbps)
	Cell Edge UE Throughput (Mbps)

	Scheme 1 (1 IMR per UE)
	2.053
	0.471

	Scheme 2 (Multiple IMRs per UE)
	2.602
	0.457


‘Table 1: Cell average and cell edge throughputs for different IMR schemes 

We make the following observations: 

Observation 1: The throughput performance improves when multiple IMRs are configured per UE instead of one IMR.
There is some slight gain in cell edge performance when using one IMR and this is primarily because one IMR accurately estimates out of CoMP set interference, while in the multiple IMR scheme, this has to be estimated from the different IMR measurements. The value is minimal and using multiple IMRs gives much larger gains in cell average performance. Based on these observations, we propose that 

Proposal 1: A Rel-11 UE should be configured with multiple IMRs for improved performance. The number of IMRs should be at least the size of the CoMP measurement set.
4 Discussion on Number of IMRs 

In this section we present our views about the optimal number of IMRs needed for effective network operation in CoMP. In [5], several different ways of configuring IMR has been proposed and also it has been suggested that a large number of IMR is needed for network operation. It has specifically suggested that the required reuse factors for the enhanced interference estimation mechanism should not be lower than the number of current cell IDs.
The number of IMRs is very much dependant on the deployment scenario. In future we may expect to have very dense collection of nodes in a geographical area. The interference situation may also change dynamically. For increasing the efficiency of CoMP algorithms, a UE may have to measure many different kinds of interference hypotheses. A large number of IMRs would be beneficial for measuring interference in such situations.
Due to the dynamic formation of cells, it may be difficult for operators to configure this large number of IMRs dynamically. This is especially true if nodes are deactivated/ activated dynamically. In such a case a large number of pre-defined IMRs would help in network planning. One possible example is to have a pre-decided configuration of IMRs for each cell as a function of the cell IDs. This is a simple solution, though not the only one. 
Based on this we propose that  
Proposal 2: In a network with a dense deployment of nodes with small cells, a larger number of IMR configurations can be pre-defined to avoid dynamically configuring IMRs as this has high complexity. 
5 Conclusion

In this contribution, we have simulated the performance of different IMR algorithms under different IMR granularities. Based on this we conclude that  
Proposal 1: A Rel-11 UE should be configured with multiple IMRs for improved performance. The number of IMRs should be at least the size of the CoMP measurement set.
Proposal 2: In a network with a dense deployment of nodes with small cells, a larger number of IMR configurations can be pre-defined to avoid dynamically configuring IMRs as this has high complexity.
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Appendix 
	Parameter 
	Values used for evaluation 

	Deployment scenario
	Macro-pico configuration 1 

	Inter-site Distance for macros
	500 m

	Number of picos per macro cell
	4

	Number of UEs per macro cell 
	25 for configuration 1 

	System bandwidth 
	10 MHz 

	Tx power setting
	46 dBm for macro

30 dBm for pico

	Channel model
	ITU UMa for Macro and ITU UMi for Pico

	Number of antennas at transmission point (i.e., macro and pico)
	2

	Number of antennas at UE
	2 

	Antenna model
	Cross polarized setup, Tilting: 12 degree for macro , 0 degree for pico

	MIMO transmission scheme 
	SU-MIMO, rank1 transmission, SU-JT with rank 1 transmission per BS in case of CoMP

	CoMP Parameters 
	Cooperating set size = 15 (3 macros and their RRHs), Measurement Set size = 2

	IMR Configuration 
	Granularity 4 REs/PRB used from set of Rel-10 Zero Power CSI-RS, UE specific orthogonal IMR configuration

	Traffic model
	Full buffer

	UE  receiver
	MMSE option 1

	Scheduler 
	Proportional fair 

	HARQ 
	Chase combining, Maximum 3 retransmission 
	

	Overhead
	L=3, 2 CRS ports, DMRS, CSI-RS
	

	Channel Estimation 
	Ideal
	

	


