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1 Introduction

In this contribution, we propose an enhancement to Release 8/9 type CQI to enable improved performance in scenarios in which the interference variation results in poor CQI estimation based on the current specification. In these scenarios, the interference profile can be improved with the use of enhanced Inter-cell Interference Coordination (eICIC) schemes in the time, frequency or space domain [14, Section 9A] coupled with the use of a resource-specific CQI measurement. 

Extreme interference variation and the corresponding increase in CQI inaccuracy may be found in (a) Heterogeneous Network Scenarios where the presence of different network elements with different transmission characteristics, e.g. with both macro eNBs and low-power nodes, can give rise to an unpredictable interference environment based on the on-off nature of the strong interference [8]; (b) Low load scenarios where only partial system resources (time/frequency) are active because of the limited number of UEs/service. The active resources may alternate in different subframes and/or subbands and the UE in the low load scenario will experience varied interference in both the frequency and time domains; (c) Medium/High load scenarios in closed loop MIMO transmission where the out-of-cell scheduling with precoding causes a large, unpredictable variation in the interference seen from different cells and increases the flashlight effect seen by the UEs. 

In the scenarios discussed above, unpredictable interference variation makes it very difficult to obtain accurate CQI for link adaptation and may possibly increase Radio Link Failure (RLF) [8] [13]. The use of a resource specific CQI coupled with eICIC schemes result in the interference varying in time and frequency in a more predictable manner. The resource specific CQI proposed allows the system to harvest the potential gains of these schemes by using the improved predictability of the interference pattern to enable a more accurate CQI estimation [6].
2 Enhanced ICIC and Resource Specific CQI

The use of a resource specific CQI measurement mode enables the eNB measure the interference corresponding to a specific set of subframes and subbands signaled by the eNB so as to better reflect the interference levels in systems using eICIC schemes and to improve the CQI measurement and link adaptation accuracy in any of these scenarios. Examples of these eICIC schemes and the use of the resource specific CQI are presented in the sections below. 

2.1 Frequency Domain eICIC and Resource Specific CQI 

2.1.1 Frequency Domain eICIC

In heterogeneous networks, frequency domain ICIC schemes limit the Low power node (LPN, taking Pico as an example in the next sections) transmission to certain frequency bands in the entire bandwidth. As such, UEs connected to the macro-eNB (MeNB) in the heterogeneous network can avoid the severe interference generated by the LPN and vice versa. This can be implemented for both the control channel (PDCCH) and the data channel (PDSCH) [12][15].

As an example, in order to eliminate the inter-cell interference of the control channel completely, we can shrink the control channels (PDCCH) to only part of the whole bandwidth, and the control channel region in MeNB and that in the LPN  are not overlapped in the frequency domain (see Figure 1) [11]. Here, the PDCCH in the smaller frequency range should have the ability to indicate downlink PDSCH transmission on both
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 for Rel.10 UEs. In the PDSCH, we can also apply FDM to eliminate the interference between Macro cell and Pico cell completely.  A similar scenario is the low load scenario where data transmission may be performed in a portion of the bandwidth. 
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Figure 1 Control Channel Shrinking for DL with FDM of PDSCH
The Resource specific CQI may be used in this scenario to improve the link adaptation performance through enhanced CQI measurement. Thus it is reasonable to measure the CQI/PMI only in partial bandwidth. The partial bandwidth to be measured could be configured by the eNB and signalled to the UE. 

2.1.2 Application of Frequency Resource Specific CQI

In a heterogeneous network with eICIC or in a homogeneous network in the low load scenario, the UE is configured to measure the CQI over the partial bandwidth instead of the whole system bandwidth (see Figure 2). In this case, the configured partial bandwidth should be the active bandwidth (the PDSCH transmission bandwidth in both the heterogeneous and homogeneous case). In periodic CQI reporting, the periodicity of the subband CQI and wideband CQI/PMI is related to the number of subband CQIs in one reporting cycle. Reducing the active bandwidth size reduces the number of subbands in the partial bandwidth. Consequently, the update rate of the subband CQI and wideband CQI/PMI is improved (with the same feedback overhead) by reducing the number of subband CQIs in one reporting cycle.

The partial bandwidth to be measured could be configured by both the Macro eNB and the Pico eNB and communicated to the UEs in heterogeneous networks or by the Macro eNBs in low load scenarios in homogeneous networks.
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Figure 2. Example of resource specific CQIs with partial bandwidth resource specification. The number of subband CQI in the partial bandwidth is set to 1.

As an example, we investigate the performance of frequency resource specific CQI in low-load and high-load scenarios in a homogeneous network (the heterogeneous network case will be presented in the future) and compare with the performance of Rel-8 CQI measurement and reporting method.  The detailed simulations assumptions are listed in the Appendix. The performance of closed-loop SU-MIMO with periodic CSI reporting using PUCCH (Mode 2-1) over the whole system bandwidth and partial bandwidth is evaluated. In the low-load scenarios, 1/3 frequency resource is active (i.e. available to be scheduled).  The results demonstrate the validity of the frequency resource specific CQI both in low-load and high load scenarios.

Table 1. Evaluation results on partial bandwidth resource specific CQI.

	
	Cell average
	Cell edge

	
	Spectral efficiency 
(bits/s/Hz)
	Gain over Rel-8
	Spectral efficiency 
(bits/s/Hz)
	Gain over Rel-8

	High-load scenarios

	Rel-8 PUCCH reporting mode 2-1
	1.7947
	0.0%
	0.0583
	0.0%

	Partial Bandwidth Reporting
	1.9024
	6.00%
	0.0586
	0.56%

	Low load scenarios*

	Rel-8 PUCCH reporting mode 2-1
	2.8354
	0.0%
	0.1032
	0.0%

	Partial Bandwidth Reporting
	3.1253
	10.23%
	0.1147
	11.13%


2.2 Subframe-based eICIC and Resource-Specific CQI 

2.2.1 Subframe-based eICIC

Subframe-based eICIC in heterogeneous networks limits the LPN transmission during eNB specified subframes. As such, UEs connected to the MeNB can avoid the severe interference generated by the LPN. Example schemes may be found in [12] and [15].

Coordinated Beam Switching (CBS) [2]-[6], which cycles through a set of preferred beams with an eNB specific time-frequency cyclic pattern, can also be viewed as an enhanced ICIC in medium/high load networks in closed loop MIMO systems. Each UE sees a predictable, specific interference profile and can use the resource specific CQI to track interference in beams that maximize its performance. 

2.2.2 Application of Time Resource Specific CQI 

In this case, the UE is configured to measure the CQI over an eNB defined measurement window rather than over an unrestricted interval in time. As such, the UE is able to measure the CQI under certain “scheduled” interference conditions, which improves the CQI measurement accuracy. These interference conditions are determined by the eNB either in time by the Macro-eNB in Subframe-based Inter-cell Interference Coordination or spatially in CBS.
As an example, in the figure below, we show the CQI measurement in a network in which the interfering entity (is scheduled to activate every 2 subframes. These are scenarios that can occur in a heterogeneous network with a LPN and range expansion if a scheme such as [8] is adopted or in a homogeneous network with coordinated beam in medium to high load scenarios [2] -[6]. We assume that the time observation interval is 10 msec and, for simplicity, the UE finds the mean of the CQI for the valid subframes (the red subframes in Figure 3) over the observation interval. With the network in Rel 8 CQI feedback mode, the UE feeds back a CQI of 4.8 dB (mean of CQI from subframes 1 to 10). With the network in the new resource specific CQI measurement mode, the UE feeds back 3.63 dB (mean of CQI from subframes 1,3,5,7, and 9), a difference of over 1 dB. 
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Figure 3. Example of a resource specific CQI with time resource specification.

3 Specification of the Resource Specific CQI Measurement Mode
In resource specific CQI measurement, the eNB configures the time and frequency observation interval that the UE uses to derive the CQI value for a specific sub-frame and/or frequency resource. This is as opposed to the relationship specified in the current specification, where the CQI reported is defined as [1, section 7.2.3],

“Based on an unrestricted observation interval in time and frequency…”
As such, from a RAN1 point-of-view, all the CQI types (wideband CQI, UE selected subband CQI and higher layer configured subband CQI) are based on measurements of the entire system bandwidth over a time interval decided by the UE manufacturer. Note that the testing procedures in RAN4 may require a more restrictive interpretation of the frequency measurement interval.

To improve the CQI estimate, we propose the following: 
· Allow for a measurement window in which the eNB defines the subframes to be used in the CQI measurement. 
· Allow for a partial bandwidth observation in frequency. This is similar to the configurable set S concept for CQI reporting discussed during Release 8 [7].
Thus, for this new CQI measurement mode, the requirement in [1, Section 7.2.3] may be: 

“In a separate measurement mode, the eNB may configure a Resource-specific CQI measurement to support time and frequency domain interference variation.  The CQI measurement is now based on a measurement window configured in time and frequency”.  
This measurement window may be signalled over the air or by L3 messaging. Note that the adoption of this new CQI measurement mode need not change the current CQI feedback modes.
3.1 CQI Measurement and Feedback

In Rel. 10, the Channel State Information Reference Signal (CSI-RS) periodicity is designed to have a high duty cycle [9]. Though the high duty cycle of CSI-RS may be tolerable for the measurement of the quality and spatial information of the signal, it is difficult to rely solely on CSI-RS for the measurement of interference unless the characteristics of the interference is assumed to be the same across the subframes and/or interference level for a specific subframe can not predicted/tracked. However, this is not the case for eICIC. As such, in order to accurately predict interference level through the resource-specific CQI mode, it is necessary for the UE to use the Common Reference Symbols (CRS) to perform measurements of interference and assume that as in Rel-8, CRS shifting [10, Section 6.10.1.2] occurs between cells. Note that other approaches for interference measurement are not precluded.

The number of CQI fed back for each measurement window may be configurable but for simplicity defaults to one. As such, any averaging of CQI’s should occur between measurement windows. 
3.2 RAN 4 Testing Issues

For testing in RAN4, specific scenarios that allows for partial bandwidth measurement and a periodic CQI measurement interval may be created while the other aspects of CQI testing can reuse the current specification for Release 8.
4 Conclusion

This contribution proposes the use of resource specific CQI measurement in Rel-10 to take advantage of the gains from ICIC schemes. To improve the CQI estimate in interference varying scenarios, we propose two modifications to the existing CQI specification: 

· Allow for a measurement window in which the eNB defines the subframes to be used in the CQI measurement. 
· Allow for a partial bandwidth observation in frequency. This is similar to the configurable set S concept for CQI reporting discussed during Release 8 [7].
Thus, for this new CQI measurement mode, the requirement in 36.213 (Section 7.2.3) should be: 

“Based on a measurement window configured in time and frequency…”
We identify high interference variation environments such as  Medium/High load scenarios in closed loop MIMO transmission, low load scenarios and heterogeneous networks and shows how the use of the resource specific CQI measurement can improve CQI estimation in these environments.
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Appendix
Table 2. System level simulation assumption

	Parameter
	Assumption

	Simulation scenario
	3GPP Case 1

	Channel model
	Spatial Channel Model (SCM) 

	Duplex method
	FDD

	System bandwidth
	10MHz

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Load
	Average 10 UE per sector

	Antenna configuration type
	Cross-polarized: 0.5 wavelengths between antennas  (illustration for 4 Tx: XX )

	Number of antenna elements (BS, UE)
	(2, 2)

	Antenna pattern
	Follow 36.814 as baseline

	eNB antenna tilt
	Follow 36.814

3D

	Max. layer number per UE
	2

	Rank adaptation
	Yes

	Traffic model
	Full buffer

	Downlink transmission scheme
	Closed-loop SU-MIMO

	Feedback overhead
	Same as Rel-8 PUCCH-based Mode 2-1

	CSI / CQI / ACK/NAK feedback delay
	4 ms

	Subband size
	6RBs

	Scheduler
	Proportional Fair

	HARQ
	HARQ-CC;

8 processes

Maximum 3 transmission times

	Receiver algorithm
	MMSE

	Drop number
	3

	Target BLER
	0.1


* We normalize the spectral efficiency by 1/3 bandwidth.





_1338372494.unknown

_1338372495.unknown

