
3GPP TSG RAN WG1 Meeting #70bis                                             R1-124253
San Diego, USA, October 8-12, 2012
Source:
NTT DOCOMO

Title:
Enhanced Interference Measurement Mechanisms for Rel. 11

Agenda Item:
7.4.3
Document for:  
Discussion and Decision

1. Introduction
According to the agreement at the RAN1#70 meeting, the following was established for interference measurement.

· IMR configuration: 

· Each IMR is configured independently with a R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs.

· All the IMRs configured for one UE shall together use only REs which can be configured as a single R10 ZP CSI-RS resource configuration.
After the RAN1 #70 meeting, the following proposals were discussed in the reflector regarding IMR hopping based on [1].

· Interference Measurement Resources (IMRs) can be partially overlapped with each other.
- Hopping / no-hopping is configurable
· For a given IMR configuration, 4 IMR REs are selected from 8 ZP CSI-RS REs per PRB that can be configured by Rel-10 ZP CSI-RS signaling
· For legacy UEs, rate matching is performed around the 8 REs indicated by Rel-10 CSI-RS signaling. 

In this contribution, we present our views on the enhanced interference measurement mechanism in Rel. 11.

2. Enhanced Interference Measurement Mechanisms

According to the agreement at the RAN1#70, we consider the following candidate mechanisms as methods for enhanced interference measurement in Rel. 11, as shown in [2]. Figure 2 shows one example of an IMR configuration considering a 3-TP CoMP UE.
· IMR configuration without hopping
Serving point(s) (and coordinating point(s)) mute a set of REs and set those REs as interference measurement resources (IMRs). The 4 REs corresponding to each IMR can be configured and indicated by Rel. 10 CSI-RS configuration. For each CoMP UE, interference values under different hypotheses can be directly measured using multiple configured IMRs. 

· IMR configuration with hopping

Serving point(s) (and coordinating point(s)) mute a set of REs and set those REs as IMRs. Each IMR contains 2 pairs of muted REs with each pair selected from a 4-port Rel. 10 zero-power CSI-RS (4 REs) that can be configured and indicated by Rel. 10 CSI-RS configuration. Considering the method for selecting 4 REs from the 8 REs, this alternative can be further categorized into 2 schemes
· Alt. 1 Intra-physical resource block (PRB) hopping

In this scheme, for each IMR, the locations of its component REs within each PRB are exactly the same.

· Alt. 2 Inter-PRB hopping

In this scheme, for each IMR, the locations of its component REs within each PRB vary in the time domain (time-domain hopping), in the frequency domain (frequency-domain hopping), or in the time and frequency domains (time/frequency-domain hopping). It deserves noting that in order to reduce the overhead to legacy UEs, the degree of variation is limited in the 8 REs.
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Figure 1 - Example of enhanced interference measurement mechanism

[image: image2.jpg]IMR without hopping
TP#1 TP#2 TP#3
]

IMR to capture the
interference outside TP#1

IMR with hopping

TP#1

TP#2

TP#3

E=£

X HOn

X

Rel-10 CSI-RS

Rel-10 zero power CSI-RS

Interference measurement
specific zero power CSI-RS

=E=H





(a) Interference outside TP#1
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(b) Interference outside TP#1 and TP#2
[image: image4.jpg]IMR without hopping

TP#1  TP#2

| Sl 12 I

TP#3

5t

IMR with hopping

TP#1

=

TP#2
E<=E

E-as

TP#3

X HOn

X

Rel-10 CSI-RS

Rel-10 zero power CSI-RS

Interference measurement
specific zero power CSI-RS

ﬁ%

IMR to capture the interference
outside TP#1, TP#2 and TP#3

y





(c) Interference outside TP#1, TP#2, and TP#3
Figure 2 – Example of IMR configurations (e.g., a 3-TP CoMP UE)
Proposal 1: Consider the following alternatives as enhanced interference measurement mechanisms in Rel. 11.

· Alt. 1: IMR configuration with intra-PRB hopping
· Alt. 2:  IMR configuration with inter-PRB hopping
2.1. Performance Evaluation

In Table I, we present our simulation results of the interference measurement mechanisms based on system level simulations. In the evaluation, a homogeneous network (Scenario 2) is assumed. Both the channel estimation error and interference measurement error are modeled. The interference measurement error modeling and detailed simulation parameters are described in Appendices I and II, respectively.  For ZP CSI-RS based interference measurement, we assume the IMR configuration without hopping, and the IMR configuration with intra-PRB hopping (Alt. 1). For the IMR configuration with intra-PRB hopping, each IMR is randomly configured for each UE, so the performance loss due to the collision between the random configured REs is considered in this evaluation.
Table I - Simulation Results with 2x2 Antenna Configuration (CoMP Measurement Set Size: 3)
	Transmission
Scheme
	Interference

Measurement
	Cell Average
	5% UE Throughput

	
	
	Throughput (Mbps)
	Gain (%)
	Throughput (Mbps)
	Gain (%)

	Single point with
SU-MIMO
	CRS-based
	19.8
	0
	0.329
	0

	CS/DPB 

with SU-MIMO
	IMR without hopping
 (TIM = 10 ms)
	19.42
	-2.0
	0.381
	15.8

	
	IMR without hopping

(TIM = 20 ms)
	19.1
	-3.5
	0.373
	13.4

	
	IMR without hopping

 (TIM = 40 ms)
	18.1
	-8.6
	0.340
	3.3

	
	IMR with intra-PRB hopping
(TIM = 10 ms)
	19.3
	-2.5
	0.381
	15.8


Table I shows the system throughput performance evaluation results of CS/DPB for different interference measurement methods with a full buffer traffic model. The following were observed.
· IMR with hopping achieves the same performance as IMR without hopping.
· The CSI-RS duty cycle is sensitive to the system throughput performance. We believe that a longer CSI-RS duty cycle to increase the number of IMR configurations should not be considered.
Proposal 2: Do not consider a longer CSI-RS duty cycle to increase the number of IMR configurations.
Observation 1: IMR with hopping achieves the same performance as IMR without hopping.
2.2. Number of Configurations for Interference Part of CSI and Overhead
As discussed before, a lot of companies including many operators want the large number of configurations for the interference part of the CSI to reduce the cell planning efforts [3].

Table II gives the required number of IMRs in different network scenarios. For homogeneous network deployment, the required numbers of IMRs are calculated considering the adjacent TPs. For heterogeneous networks, all the transmission points within the CoMP coordination cluster can establish CoMP with each other. Table III presents the number of configurations for the available IMRs assuming the periodicity of 5 ms in CoMP scenario 2. The density of each IMR is assumed to be 4 REs/PRB. We observed that in TDD systems with uplink-downlink configurations of 0 or 6 (one DL subframe per 5 ms), the IMR configuration without hopping can only provide 16 IMRs within 5 ms, and cannot meet the required number of IMRs. 
Table II - Required Number of IMRs
	Network Topology
	CoMP Scenario
	The Number of Possible

Measurement set

	Homogeneous network
	2
	31

	Heterogeneous network
	3/4 (“1+4”)
	25

	
	3/4 (“3+12”)
	575


Table III - Number of Configurations for IMRs with Periodicity of 5 msec
	Interference

Measurement

Mechanism
	Configurations for IMR

	
	FDD
	TDD, Conf. 0 and 6

	IMR configuration without hopping
	10x5 = 50
	16

	IMR configuration with intra-PRB hopping
	C​2 10 x C​2 4 x C​2 4x5 = 8100
	C​2 16 x C​2 4 x C​2 4 = 4320


For the IMR configuration with intra-PRB hopping, there are a total of C​2 10 x C​2 4 x C​2 4 = 1620 different IMR configurations. For each of them, it has 1105 configurations orthogonal to it, and 514 configurations overlapping it to different extents. With respect to the overhead, for the IMR configuration without hopping, both Rel. 11 UEs and legacy UEs perform rate matching around the 4 zero power CSI-RS REs of each IMR. For the IMR configuration with intra-PRB hopping, rate matching can be performed around the 8 REs indicated by the Rel. 10 CSI-RS signaling for legacy UEs.
Observation 2: IMR configuration with hopping can provide a large number of configurations for the interference part of CSI
Proposal 3: Considering its performance and remarkable advantage in the number of configurations for the interference part of CSI, we should support the IMR configuration with hopping for the interference measurement in Rel. 11.
· IMRs can be partially overlapped with each other
· For a given IMR configuration, 4 IMR REs are selected from 8 zero power CSI-RS REs per PRB that can be configured using Rel. 10 zero power CSI-RS signaling
· For legacy UEs, rate matching is performed around the 8 REs indicated using Rel. 10 CSI-RS signaling
2.3. Signaling Scheme of IMR Configuration

There are two alternatives to configure IMRs to UEs.

· Alt. 1: Explicit IMR configuration
· Higher layer signaling is introduced to indicate the IMR configuration, e.g., bit map based RRC signaling
· Alt. 2: Implicit IMR configuration
· IMR configuration is associated with existing parameters, e.g., cell ID, higher layer signaling of CSI-RS sequence initialization
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In the case without hopping, we have an agreement for the IMR configuration by exploiting explicit signaling similar to Rel. 10 (Each IMR is configured independently with a R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs). In the case with hopping, if the explicit IMR hopping configuration is introduced, a few additional higher layer signaling bits, e.g., 6 bits, can be introduced on top of the signaling scheme without hopping, as shown in Fig. 3(a). We believe that these additional few bits are acceptable considering the impact on higher layer signaling, but if it is not acceptable, an implicit IMR configuration with hopping can be considered. For example, as shown in Fig. 3(b), if the hopping RE configuration is implicitly associated with the higher layer signaling of CSI-RS sequence initialization,     , no additional bit is needed on top of the signaling scheme without hopping to indicate hopping REs.
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(a) Explicit IMR hopping configuration                 (b) Implicit IMR hopping configuration 

Figure 3 – Example of implicit/explicit IMR hopping configuration
Proposal 4: IMR hopping is configured based on the following alternatives

· Alt. 1: Explicit IMR hopping configuration
· Higher layer signaling is introduced to indicate IMR hopping configuration, e.g., a few additional higher layer signaling bits, e.g., 6 bits, are introduced to indicate hopping REs

· Alt. 2: Implicit IMR hopping configuration
· [image: image7.wmf]CSI
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IMR hopping configuration is associated with existing parameters, e.g., IMR hopping configuration is implicitly associated with the higher layer signaling of CSI-RS sequence initialization,      , and no additional bit is needed on top of the signaling scheme without IMR hopping to indicate hopping REs

3. Conclusion

In this contribution, we presented our views on the enhanced interference measurement mechanism for Rel. 11. 
Proposal 1: Consider the following alternatives as enhanced interference measurement mechanisms in Rel. 11
· Alt. 1: IMR configuration with intra-PRB hopping
· Alt. 2:  IMR configuration with inter-PRB hopping
Proposal 2: Do not consider a longer CSI-RS duty cycle to increase the number of IMR configurations 
Observation 1: IMR with hopping achieves the same performance as IMR without hopping
Observation 2: IMR configuration with hopping provides a large number of configurations for the interference part of CSI
Proposal 3: Considering its performance and remarkable advantage in the number of configurations of the interference part of CSI, we should support the IMR configuration with hopping for the interference measurement in Rel. 11
· IMRs can be partially overlapped with each other
· For a given IMR configuration, 4 IMR REs are selected from 8 zero power CSI-RS REs per PRB that can be configured using Rel. 10 zero power CSI-RS signaling
· For legacy UEs, rate matching is performed around the 8 REs indicated using Rel. 10 CSI-RS signaling 
Proposal 4: IMR hopping is configured based on the following alternatives
· Alt. 1: Explicit IMR hopping configuration
· Higher layer signaling is introduced to indicate IMR hopping configuration, e.g., a few additional higher layer signaling bits, e.g., 6 bits, are introduced to indicate hopping REs

· Alt. 2: Implicit IMR hopping configuration
· [image: image8.wmf]CSI
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IMR hopping configuration is associated with existing parameters, e.g., IMR hopping configuration is implicitly associated with the higher layer signaling of the CSI-RS sequence initialization,      , and no additional bit is needed on top of the signaling scheme without IMR hopping to indicate hopping REs
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Appendix I: Modeling the Interference Measurement Impairment in System Level Simulation
This section introduces the principle behind the method for modeling the interference measurement impairment in the system level simulator.

We modeled the interference measurement error as a Gaussian distribution according to a large number of samples. The parameters (mean value and variance) of the Gaussian distribution can be obtained based on a multi-cell link-level simulation. In this case, the interference measurement errors of different schemes are modeled as Gaussian-distributed variables with different parameters. This is the rationale behind our method for modeling the interference measurement error in the system-level simulation. The method can be summarized into the following steps.
1) Yield a large number of samples (interference measurement errors) based on the link-level simulator.

2) Based on the samples obtained in step 1), calculate the parameters (mean value and variance) of the Gaussian distribution.

3) In the system-level simulation, for each interference measurement scheme, a random Gaussian variable is generated as the interference measurement error based on the parameters obtained from step 2. After that, the modeled error is added to the ideal interference measurement value as the measured interference.
Taking Alt. 1 for example, the probability density functions of the actual interference measurement errors and the modeled errors are compared in Figure A.1. Based on the figure, we can see that the results of our model agree well with the actual error.
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Figure A. 1 – PDFs of the actual errors and modeled errors

Appendix II: Simulation Assumptions for Evaluations in Section 2.1
	Carrier frequency
	2 GHz

	Cell layout
	Hexagonal grid, 19 cell-sites,
3 sectors per cell-site

	Inter-site distance (ISD)
	500 m

	Antenna pattern at eNodeB 
(antenna gain)
	70-deg. sectored beam with tilt 
(14 dBi, etilt = 15 deg.)

	Subframe (TTI) length
	1 ms

	Transmission bandwidth
	10 MHz

	RB bandwidth
	180 kHz (12 subcarriers)

	Subband bandwidth
	1.08 MHz (6 RBs)

	Distance-dependent path loss
	128.1 + 37.6log10(r) dB

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Transmission power of eNodeB/ RRH
	46 dBm

	Control delay (scheduling, AMC)
	6 ms

	HARQ
	Chase combining

	Round trip delay (HARQ)
	8 ms

	MCS set
	QPSK (R = 1/8 - 5/6), 16QAM (R = 1/2 - 5/6)
64QAM (R = 3/5 - 4/5) 

	Channel model
	SCM-UMa with high angular spread, 3 km/h

	Antenna configuration
	Cross-polarized antenna
eNB: 0.5 wavelengths, 2 Tx: X  (+45/-45)
UE: 0.5 wavelengths, 2 Rx:  X (+45/-45)

	Rank adaptation
	Rank adaptation, and up to 2 for non-CoMP UEs

Rank restriction, and rank 1 for CoMP UEs

	Scheduling algorithm
	Frequency-domain scheduling based on PF

	Traffic model
	Full buffer

	CSI feedback interval
	10 TTIs

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1: Wideband PMI, subband CQI

	Granularity of rank adaptation
	200 TTIs

	CoMP scheme
	CS/DPB

	Number of CoMP coordination sets
	9 transmission points

	Maximum number of coordination points for CoMP transmission
	3 transmission points

	Handover hysteresis
	3 dB

	Number of UEs per cell
	10

	DM-RS channel estimation
	Non-ideal

	CSI-RS channel estimation
	Non-ideal as without a priori PDP information [4] 

	Interference measurement error
	Non-ideal

	UE receiver assumption
	MMSE – option 1

	Overhead of RS and PDCCH
	PDCCH (2 symbols per subframe)
DM-RS (12 REs per PRB)
CRS (2 ports in 4/10 non-MBSFN subframes)
CSI-RS (2 RE/RB per 10 ms for 2 antenna ports)
CSI-RS with muting (18 RE/RB per 10 ms for 2 antenna ports)

	Threshold for cell-edge UE decision
	10 dB

	Modeling of interference outside area
	Realistic interference assuming precoding and scheduling in other points

	Time/frequency synchronization impairments
	No

	Propagation delay error
	Ideal

	Feedback error
	No

	Antenna miscalibration for DL Tx antennas with 0.5λ spacing
	No
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