
3GPP TSG RAN WG1 Meeting #70                                                                        R1-123213
Qingdao, China, 13th – 17th August 2012

Source:
CATT
Title:
Remaining issues on interference measurement
Agenda Item:
7.5.1.2
Document for:
Discussion and Decision
1. Introduction
It was agreed in RAN1#69 that each CSI is configured by the association of a channel part and an interference part. The interference part is measured on interference measurement resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS. The remaining issues regarding interference measurement include:
· Granularity of IMR
· Reuse factor of IMR
· UE emulation
· The signaling of IMR
In this contribution, the above issues are discussed, and our proposals are provided.
2. Discussion
2.1. Granularity

It was analyzed in [1] that IMR granularity of 2 REs/PRB is sufficient for accurate interference measurement. Measured interference is used for derivation of CQI which is reported on subband basis or wideband basis. With this in mind, the measured interference could be averaged over the subband or wideband. Take 6 PRBs/subband as an example, 2 REs/PRB means that total 12 REs are available for interference measurement. Good accuracy is achieved by averaging over the 12 samples. 
In practical deployment, the interference is varying dynamically from subframe to subframe due to employment of dynamic scheduling and beamforming. Interference measured on one subframe may be completely different from the interference on the actual data transmission. Thus it is not very useful to provide over-accurate interference measurement of one subframe. Instead, interference filtered in time domain makes more sense. By filtering in time domain, more samples are available and the measurement error in one subframe estimation can be further reduced to get accurate and stable interference estimation. 
Proposal 1: Granularity of IMR is 2REs/PRB.
2.2. Reuse factor
According to the agreement of RAN1#69, each CSI is configured by the association of a channel part and an interference part. The interference part refers to one IMR which occupies a subset of REs configured as Rel-10 ZP CSI-RS. By the association, each CSI corresponds to a transmission hypothesis including signal hypothesis and interference hypothesis. Network should control the configuration of IMR to ensure UE to see the right interference on the configured IMR. The right interference comes from TPs outside a specific area which is called interference-free area (IFA). IFA of a configured IMR depends on the transmission hypothesis. For example, for CSI corresponding to DPB transmission hypothesis, the IFA includes the transmission TP and blanked TP. For DPS transmission hypothesis, the IFA should include only the transmission TP. For each IFA in a CoMP cooperation area, an IMR is needed. For better estimation accuracy, IMR of different IFA in a CoMP cooperation area should be orthogonal. The needed IMR within a CoMP cooperation area equals to the number of possible IFA in the area.
Proposal 2: IMR of different IFA in a CoMP cooperation area should be orthogonal.
The number of possible IFA is limited since only adjacent TPs could be in the same IFA and maximal measurement set size is 3. Consider a CoMP cooperation area consist of 9 cells as an example. The topology is shown in Figure 1. The number of IFA consists of only one cell is 9. The number of IFA consist two adjacent cells is 15, and the number is 7 for three adjacent cells. The total needed IMR in this CoMP cooperation area is 31. 
The available reuse factors of IMR (orthogonal) under FDD and TDD with different UL/DL configurations are given in Table I. For FDD system, the requirement on IMR could be easily met with 5 ms periodicity. For TDD, parameters including both granularity and periodicity should be optimized to meet the requirement, e.g., for Config.0/3/6, 10ms periodicity is necessary in this case. With longer periodicity to 20 ms, significant amount of IMR is provided under any configuration. The extra IMR could be configured to ensure orthogonal IMR between CoMP cooperation areas to further alleviate network planning effort.

[image: image1]
Figure 1: CoMP cooperation area with 9 cells
Considering the CoMP cooperation area in Figure 1, 31 IMR are required. According to Rel-10 ZP CSI-RS definition, with granularity of 2REs/PRB, one subframe contains 20 IMR. To provide 31 IMR, at least 2 subframes are needed. In Rel-10, all ZP CSI-RS are configured in one subframe and then all IMR cannot be made orthogonal within one CoMP cooperation area. To be more flexible, multiple subframes containing IMR are necessary. Besides, it is allowed that NZP CSI-RS to be configured in different subframes even within one CoMP cooperation area. To protect the NZP CSI-RS, ZP CSI-RS should also be configured on those subframes. Based on the above requirements, Rel-11 should allow ZP CSI-RS to be configured in multiple subframes.
Proposal 3: Allow ZP CSI-RS to be configured in multiple subframes for Rel-11 UE.
Table I: Reuse factor calculation in FDD and TDD with different uplink-downlink configuration
	                Period

Configuration
	5 ms
	10 ms
	20 ms

	
	2 REs/PRB
	4 REs/PRB
	2REs/PRB
	4REs/PRB
	2REs/PRB
	4REs/PRB

	FDD
	100
	50
	200
	100
	400
	200

	TDD UL/DL Config. 0
	20
	10
	40
	20
	80
	40

	TDD UL/DL Config. 1
	40
	20
	80
	40
	160
	80

	TDD UL/DL Config. 2
	60
	30
	120
	60
	240
	120

	TDD UL/DL Config. 3
	20
	10
	120
	60
	240
	120

	TDD UL/DL Config. 4
	40
	20
	140
	70
	280
	140

	TDD UL/DL Config. 5
	60
	30
	160
	80
	320
	160

	TDD UL/DL Config. 6
	20
	10
	60
	30
	120
	60


2.3. UE emulation
By emulation, an assumed isotropic signal calculated from one or two configured NZP CSI-RS resources is considered as interference in addition to the interference measured on the configured IMR. Only one IMR is configured for a UE, and the IFA of the IMR equals measurement set. The interference measurement corresponding to IFA which is a subset of the measurement set is derived by UE emulation. The number of IMR required in a CoMP cooperation area equals to the number of measurement set. However, such emulation is not helpful in lowering requirement on reuse factor from system perspective. The reason is that any possible IFA in CoMP cooperation area may be a measurement set of some UE, and the number of measurement set is identical with the number of IFA with a CoMP cooperation area.
Emulation complicates UE implementation since additionally calculation is required. Furthermore, new UE behavior is defined and then new testing method should be developed correspondingly. This will increase the work load of RAN4.
Proposal 4: Considering UE complexity and RAN4 workload, the emulation at UE side via NZP CSI-RS is not recommended.
3. Signaling design
Two ways of signaling IMR to UE can be considered: independent from ZP CSI-RS configuration and related to ZP CSI-RS configuration.
Independent from ZP CSI-RS configuration
In the case of independent configuration, the configured IMR is independent from the configured ZP CSI-RS, i.e., configured IMR is not restricted to be subset of configured ZP CSI-RS. 

The signaling of IMR can be designed similar to that of CSI-RS configuration. The period and subframe offset are signaled by IMR-SubframeConfig. Subframes containing IMR shall satisfy
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are listed in Table II.
Table II: IMR subframe configuration

	IMR-SubframeConfig 
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	IMR periodicity 
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	IMR subframe offset 
[image: image7.wmf]IMR

D


(subframes)

	0 – 4
	5
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	5 – 14
	10
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	15 – 34
	20
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Resource used within a subframe is indicated by ResourceConfig. Each ResourceConfig is linked to an N-port CSI-RS configuration of Rel-10. UE assumes zero transmission power on the resource elements corresponding to the N CSI reference signal, and UE measure interference on those resource elements. N could be either 2 or 4 depends on the conclusion on the granularity. UE assumes rate matching around the configured IMR together with configured ZP CSI-RS (including both ZP CSI-RS for CSI accuracy and other IMR in the same cell) and NZP CSI-RS.
Configuration related to ZP CSI-RS
IMR is only allowed to be configured within configured ZP CSI-RS. An indicator of which configured ZP CSI-RS is used for interference measurement is signaled to UE. Since ZP CSI-RS is defined with granularity of 4 REs/PRB, additional 1 bit is needed to signal UE which part is used within the ZP CSI-RS if granularity of 2 REs/PRB is supported. No explicit SubframeConfig is needed, since it can be inferred from the configuration of corresponding ZP CSI-RS. 

4. Conclusions

In this contribution, remaining issues on IMR configuration are discussed. The proposals are
Proposal 1: Granularity of IMR is 2REs/PRB.

Proposal 2: IMR of different IFA in a CoMP cooperation area should be orthogonal.
Proposal 3: Allow ZP CSI-RS to be configured in multiple subframes for Rel-11 UE.
Proposal 4: Considering UE complexity and RAN4 workload, the emulation at UE side via NZP CSI-RS is not recommended.
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