
3GPP TSG RAN WG1 meeting #63bis





 



 R1-110022
Dublin, Ireland, January 17 – 21, 2011
Agenda Item:
6.3.1.1
Source:
Huawei

Title:
Refinements to CoMP simulation assumptions
Document for:
Discussion and decision 

1 Introduction

In the previous Study Item, some UL and DL CoMP schemes have been evaluated by several companies, based on the system simulation scenarios in TR 36.814[1]. For further study and evaluation, the CoMP simulation assumptions need to be updated to introduce the additional deployment scenarios in the updated CoMP SID [2], with the realistic models of measurements, coordination, feedback and overhead. This paper tries to give a whole picture of the scenarios and focus of the CoMP evaluation during the starting period of the SI, referring to the updated CoMP SID [2]. In addition, some detailed refinement of the additional inter-site CoMP evaluation assumptions are given based on the earlier LTE-Advanced evaluation assumptions [1] during Rel.10.
2 CoMP Scenarios & Focus
During the Rel-9 LTE-Advanced Study Item stage, it has been identified that the latency and capacity of backhaul link is a key factor to CoMP schemes and performance. Thus, we further categorize the CoMP scenarios by adding two dimensions: network deployments and backhaul capabilities, as shown in Figure 1.
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Figure 1 CoMP scenarios

2.1 CoMP Scenario Prioritization

Considering the progress of the study item, the following priority of CoMP evaluation scenarios is proposed: 
· Case1: Intra-site Macro-Cell CoMP: Reuse Rel-9 study item evaluation results.
In the previous study of CoMP during LTE-Advanced study item, intra-site CoMP with Homogeneous Network has been evaluated intensively and has demonstrated improvements to the cell edge UE throughput, providing wider area of the high data rates and smoother handover experience [3]
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· Inter-site CoMP scenarios with decreasing order of priorities:

· Case2: Inter-site CoMP in Heterogeneous Network: 

Coordination between macro cell and small cells should be the focus with the highest priority because deployment of small cells is most common way to increase the cellular network capacity.
· Case 3: Inter-site CoMP with coordination among small cells: 
Coordination among inter-site small cells implemented as RRH should be studied with the second priority, and it should especially focus on indoor and in-building scenarios.

· Case 4: Inter-site CoMP in Homogeneous Network: 
Coordination between inter-site macro cells has been partially evaluated, and its priority should be lower considering the limited backhaul capability.
Proposal 1: It is proposed to reuse Rel-9 study item CoMP evaluation results and validate the evaluation summary in [3], and spend more efforts on inter-site CoMP evaluation during the earlier phase of CoMP study item. Inter-site CoMP evaluation should consider the following scenarios in decreasing priority order:

· Inter-site CoMP in Heterogeneous Network with coordination between macro cell and small cell
· Inter-site CoMP with coordination among small cells for indoor and in-building scenarios
· Inter-site CoMP in Homogeneous Network with macro cells and limited backhaul capability
2.2 Focus of the CoMP enhancement evaluation
It is necessary to have a clear goal in mind in terms of the performance expectations in order to focus the technical discussions. In particular, it is crucial to agree at an early stage on the performance criterion for CoMP in Rel-11. It would be reasonable to focus only on cell-edge throughput enhancements in Rel-11, without impact on the cell average throughput and coverage of control channels. In other words, Rel-11 CoMP should demonstrate cell edge enhancement while keeping cell average constant. More ambitious objectives can be targeted in later releases.
Proposal 2: Rel-11 CoMP should demonstrate cell edge throughput enhancement and improved fairness in the throughput vs. geometry CDF.
3 Proposed refinement on the CoMP evaluation assumptions
3.1 Network Topology & Backhaul

The main aspects that affect the inter-cell interference strength and distribution will be network deployment, topology of the nodes and the types of nodes. The difficulty to deal with inter-cell interference will vary for different scenarios, so CoMP system performance should be evaluated for different network topologies, as in the scenarios listed in section 2. Additionally, for the CoMP evaluations, backhaul capability should be clarified because CoMP schemes have different needs on backhaul capacity and latency. The concrete assumptions for each scenario are given in the Table 1, for both network topology and backhaul capability:
Table 1. Network topology and backhaul capability of CoMP scenarios
	
	CASE 1
	CASE 2
	CASE 3
	CASE 4

	Network deployment
	Homogeneous
networks 
	Heterogeneous network
	Homogeneous
networks
	Homogeneous
networks

	Cooperative nodes
	Among Macro(s)
	Between Macro and RRH or Pico
	Among RRH(s)
	Among Macro(s)

	Node distribution
	Intra-site
	Inter-site
	Inter-site


	Inter-site

	UE distribution 
	Uniform
	Clusters
	Uniform
	Uniform

	Backhaul
	Intra-site Backhaul
	Macro-RRH:

Powerful Backhaul

Macro-Pico:

Limited Backhaul
	Powerful Backhaul


	Limited Backhaul


3.2 Antenna Configuration & Channel Model
To guarantee the validity and comparability of the CoMP evaluations, antenna configuration for different nodes should be clarified, and the channel model between different nodes and UE should be clarified for the system evaluation of different scenarios. Referring to the assumptions for Homogeneous Network and Heterogeneous Network in [1], the antenna configuration and channel model for different links between different node and UE are provided as in Table 2.
Table 2 Assumptions for Antenna Configuration and Channel Model

	
	Macro Cells
	Outdoor RRH/Pico
	Indoor RRH

	Transmission Power
	46dBm
	Case 1: 24, 30 dBm – 10MHz carrier
Case 3: 24, 30, 37 dBm – 10MHz carrier
	Case 1: 24, 30 dBm – 10MHz carrier
Case 3: 24, 30 dBm – 10MHz carrier

	Sectorization
	120 degrees sectorized
	Omnidirectional
	Omnidirectional

	Number of antennas
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports

	Antenna Height
	32m
	10m
	6m

	Propagation & Channel Model Refer to
	Tables A.2.1.1-1/2 in [1] for homogeneous network.
Tables A.2.1.1.2-3/4 in [1] for heterogeneous network.
	Tables A.2.1.1.2-3/4 in [1]
	Tables A.2.1.1.5-1/2 in [1]


3.3 Other Assumptions for DL CoMP Evaluation
For DL CoMP, the accuracy and density of multiple-cell CSI will greatly impact the system performance, so the exact methodology of CSI measurement should be clearly defined, as well as pre-assumption for CSI calculation and recalculation, precoder processing method, feedback method and overhead, as listed below:
· CSI estimation model should be provided
· Methodology to model channel estimation error of DMRS, CSI RS and SRS 

· Assumption on CQI modelling, computation and scaling for link adaptation should be provided.

· Interference estimation method should be provided, i.e. how measurements relative to transmission points inside and outside the CoMP cooperating set are handled with respect to interference estimation.

· CSI knowledge at scheduler should be clarified
· Precoding matrix calculation scheme should be provided 

· CSI Feedback method and what type of UL/DL reciprocity, if used, should be provided

· Feedback design and overhead should be clarified

· RS overhead should be provided, which may differ for FDD and TDD
3.4 Other Assumptions for UL CoMP Evaluation 
The signal propagation delays from a UE to different cells are typically different. After TA adjustment indicated by its serving cell, the UE’s uplink signal arrives at its serving cell at the expected time, which falls within an interval of the CP length. But it may arrive at other cells outside the interval within which they can correctly compensate for ISI. It can be concluded that the delay spread can cause poor detection in uplink CoMP, and it limits the number of eNBs that can effectively take part in the joint detection of a UE’s uplink transmission.

Performance degradation occurs whenever signals arrive earlier than the CP starting time, or later than the CP ending time, i.e. PUSCH suffers Es/N0 loss. The Es/N0 loss is different for different modulations and bandwidths. Hence, to simplify the system evaluation with consideration of delay spread in SCM, it is proposed to model the impact of ISI caused by earlier or later signal arriving time. According to [6], the signals whose arriving time lies outside the range [0(s, CP_length-α (s] will suffer unbearable performance degradation due to ISI, where CP_length denotes the length of UL CP. α (s is reserved for multi-path delay spared, and α equals to 1 (s based on link-level evaluation in [6]. For simplifying the modeling of the impact of ISI, it is proposed that eNBs for which the arrival time of a UE’s uplink signals falls outside this interval should not be considered for the detection of the UE’s signal.

Proposal: for uplink multi-point reception, the delay spread has impact on the performance of the detection at eNBs in the cooperating set. System simulation methodology should take the following rule into consideration:

· Only the cells at which the UE’s signal first-path arrives within a time-window smaller than the CP length can be cooperative cells for the UE.
4 Conclusions

This paper discusses the possible scenarios and main focus in CoMP SI. Based on CoMP SID and considering the progress of study item, the following are proposed:
Proposal 1: It is proposed to reuse Rel-9 study item CoMP evaluation results and validate the evaluation summary in [3], and spend more efforts on inter-site CoMP evaluation during the earlier phase of CoMP study item. Inter-site CoMP evaluation should consider the following scenarios in decreasing priority order:

· Inter-site CoMP in Heterogeneous Network with coordination between macro cell and small cell
· Inter-site CoMP with coordination among small cells for indoor and in-building scenarios
· Inter-site CoMP in Homogeneous Network with macro cells and limited backhaul capability
Proposal 2: Rel-11 CoMP should demonstrate cell edge throughput enhancement and improved fairness in the throughput vs. geometry CDF.

This paper also provides concrete refinements to the CoMP evaluation assumptions, as in section 3.
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