Page 1

3GPP TSG-RAN WG1 Meeting #66bis 
R1-113011
Zhuhai, China, 10-14 October, 2011
  
Agenda item:
7.5.2
Source: 
ZTE.

Title: 
Discussion on interference measurement for CSI feedback
Document for:
Discussion and Decision
1 Introduction
In 3GPP RAN1#66 meeting, a list of high priority real-life DL-MIMO issues is identified and way forward was agreed:
Way Forward:

High priority areas for study in RAN1:

· Time misalignment / antenna calibration

· Downlink control signalling enhancement (including UE-specific RS-based)

· Further discussion required on prioritization

· Feedback and related enhancements, including: 

· Interference measurement enhancement

· Rank reporting

· Further discussion required on prioritization

· CSI accuracy (especially for MU-MIMO) for the high-priority scenarios and antenna configurations. 

In CoMP WID [2], it was also agreed that one of the objectives is to enhance interference measurements.

Enhancements and requirements on downlink reference signals 

· enhancements to improve interference measurements
It can be seen that interference measurement enhancement is important to both DL-MIMO and CoMP.  In this contribution, we discuss several potential areas of interference measurement enhancements.
2 Areas of interference measurement enhancements
2.1  Interference measurement in DL MIMO scenario B / CoMP scenario 4 
In homogeneous network or heterogeneous network with different cell ID, either CRS or CSI-RS can be used for interference measurement at UE.  Although there was no standardized solution on how interference is measured, it was concluded in RAN1#61bis that current RAN1 simulation assumption for interference estimation is to use CRS.  In the scenario of single-cell with geographically-separated RRHs, it can be inaccurate if interference measurement on CRS.  

As shown in figure 1, antenna virtualization can be done in CRS ports for SFN type of transmission of legacy Rel-8/9 UEs or for control channel transmission for Rel-8/9/10 UEs.
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Figure 1: CRS port setting for SFN type of transmission
Meanwhile, to realize area splitting gain, each RRH can locally deliver PDSCH transmission to the Rel-10 UE under its local coverage area as shown in figure 2.  In this case, interference measured from CRS does not include the interference from RRHs with the same cell ID in the entire macro coverage area.  If these Rel-10 UEs only rely on CRS to perform interference measurement, they will have inaccurate interference estimation because they also suffer from the interference from the RRHs with the same cell ID.  
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Figure 2 CSI-RS port configuration for DL-MIMO scenario B/CoMP scenario 4
One approach of solving this issue is to mandate UEs to measure interference over CSI-RS.  With CSI-RS, it can possibly measure interference from different subset of transmission points with the same cell ID.  However, it may be tricky to derive the interference in the case of PDSCH muting corresponding to CSI-RS of coordinating points.   Therefore, it is desirable to signal UEs the location of reference resources (in the granularity of REs) for interference measurement.  These REs should correspond to a CSI-RS pattern or partial CSI-RS pattern.
 Proposal 1:  UE should perform interference measurement according to the location of reference resources for interference measurement signalled by eNB.   These measurement resources should correspond to a CSI-RS pattern or partial CSI-RS pattern.
The other issue needs to be investigated is the density of resources for interference measurement e.g. in the condition of having MBSFN subframes or in the condition of just relying on sparser CSI-RS resources for interference measurement.  
Proposal 2:  Evaluation should be done to study whether the current CSI-RS density satisfies the need of interference measurement.

It can be observed that in some cases it is beneficial to use CRS for interference measurements while in other cases it is more appropriate to use CSI-RS for interference measurements.  One advantage of using CRS for interference measurement is that it has higher density.    One approach is let eNB to configure if interference measurement is done in CRS and CSI-RS.  Another approach is to allow using CRS and CSI-RS at the same time to get the whole picture of system interference.   e.g. We can do interference measurement from CRS for the interference coming from different cell IDs.  For the same cell ID, we can do interference measurement from CSI-RS.

Proposal 3:  Allow network side to configure UE whether to use CSI-RS or CRS to perform interference measurement.  
2.2 Interference measurement with partial muting 
Resource-restricted CSI measurement is introduced in Rel-10 eICIC which helps eNB to know CSIs under two different interference conditions.  e.g. to obtain CQIs from pico cell-edge UEs under the conditions of ABS and non-ABS respectively.  However, this restricts to the cases where subframe based resource partitioning is performed.  In the case when no ABS is configured in a macro cell,  pico cell edge UEs under the same macro area cannot get the CSI without interference from the macro cell by using this resource restricted CSI measurement.  

In order to measure channel both with and without interference from the coordinating cells even without ABS, we can use the partial muting technique proposed in [3-5] .  As indicated by terminology, partial muting only mutes PDSCH transmission in some of RE’s overlapping with CSI-RS from interfering cells while keeps PDSCH transmission as normal in rest of RE’s overlapping with CSI-RS from interfering cells.  In contrast, the full muting mutes all PDSCH RE’s that overlaps with CSI-RS in all involved interfering cells. An example is given in Fig. 3.

[image: image3.emf]R

1

R

0

R

0

R

0

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

0

Data RE

R

0

CRS RE

DMRS RE CSI-RS Of TP 1

R

8

R

6

R

4

R

2

R

7

R

5

R

3

R

1

R

8

R

8

CSI-RS Of TP 2

CSI-RS Of TP 3

Muting RE

CSI-RS inter-cell multiplexing pattern

R

8

R

6

R

4

R

2

R

7

R

5

R

3

R

1

R

8

R

6

R

4

R

2

R

7

R

5

R

3

R

1

0  l

13



l

Frequency

time



[image: image4.emf]R

1

R

0

R

0

R

0

R

0

R

0

R

0

R

0

1

2

 

s

u

b

-

c

a

r

r

i

e

r

s

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

0

1

m

s

R

4

R

3

R

5

R

6

R

2

R

1

R

7

R

8

R

1

R

0

R

0

R

0

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

0

R

4

R

3

R

5

R

6

R

2

R

1

R

7

R

8

CSI-RS RE and partial muting RE of Macro TP1



 EMBED Visio.Drawing.11  [image: image5.emf]R

1

R

0

R

0

R

0

R

0

R

0

R

0

R

0

1

2

 

s

u

b

-

c

a

r

r

i

e

r

s

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

0

1

m

s

R

4

R

3

R

5

R

6

R

2

R

1

R

7

R

8

R

1

R

0

R

0

R

0

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

0

R

4

R

3

R

5

R

6

R

2

R

1

R

7

R

8

CSI-RS RE and partial muting RE of pico TP2



 EMBED Visio.Drawing.11  [image: image6.emf]R

1

R

0

R

0

R

0

R

0

R

0

R

0

R

0

1

2

 

s

u

b

-

c

a

r

r

i

e

r

s

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

0

1

m

s

R

4

R

3

R

5

R

6

R

2

R

1

R

7

R

8

R

1

R

0

R

0

R

0

R

0

R

0

R

0

R

0

R

1

R

1

R

1

R

1

R

1

R

1

R

1

R

0

R

4

R

3

R

5

R

6

R

2

R

1

R

7

R

8

CSI-RS RE and partial muting RE of pico TP3


Fig. 3 Partial muting with reuse factor=3
For each TP, data REs are muted corresponding to half of CSI-RS REs of the coordinating TPs. For example, CSI measurement is done in the yellow REs for pico TP2. Half of these REs are suffered from the interference from data of macro TP1 and pico TP3. On the other hand, there is no interference in another half of these REs because the corresponding RE locations in macro TP1 and pico TP3 are muted. 
Two CQIs can be derived from these two sets of CSI-RS REs. One CQI （CQI_Int）is based on the CSI-RS REs with inter-TP interference.   Another CQI（CQI_noInt） is based on the CSI-RS REs with no interference.  
Proposal 4:  Partial muting can be considered to allow UE to measure CSI with different interference conditions.
2.3 Interference measurement under non-full buffer traffic
In the current specification, there is no requirement on whether interference averaging should be done in UE when CSI is derived.   It is possible that UE determines CSI based on an unrepresentative single subframe.   This particularly affects CSI with long periodicity, e.g. RI.   This can cause high RI mismatch rate[5].  If rank estimation is not accurate, it will affect subsequent CSI reports based on the inaccurate RI.  It is desirable to impose some control on the averaging window for interference measurement used by UE.   There are some merits if averaging window is controlled by eNB:
1. eNB can control the averaging window according to different situations, e.g. network traffic loading, CSI periodicity,  UE speed, etc.
2. eNB can adjust the CQI based on the interference condition in the known averaging window.   e.g.  eNB may know that under the averaging window, the UE is under high interference situation when other TPs are serving other UEs on the same resource.  eNB will know this CQI is too conservative for low interference situation and adjust this CQI according to the current situation.
3. Most of the time doing appropriate interference averaging is good because single subframe can’t represent bursty interference if the interference is uncontrollable. However, sometimes it can be desirable if eNB can control the UE to measure CSI without averaging.    eNB can trigger UE to measure the CQI based on the particular subframe or particular set of REs.  eNB  can trigger multiple reports to obtain CSIs with different interference conditions.  Based on this, eNB can perform more intelligent link adaptation.

Proposal 5:  Averaging window length of interference measurement can be signalled to UE so that the network side can have better control on link adaptation.
3 Conclusion

Some interference measurement issues are discussed in this contribution and following enhancements are proposed in this contribution: 
Proposal 1: UE should perform interference measurement according to the location of reference resources for interference measurement signalled by eNB.   These measurement resources should correspond to a CSI-RS pattern or partial CSI-RS pattern.
Proposal 2:  Evaluation should be done to study whether the current CSI-RS density satisfies the need of interference measurement.

Proposal 3:  Allow network side to configure UE whether to use CSI-RS or CRS to perform interference measurement..
Proposal 4:  Partial muting can be considered to allow UE to measure CSI with different interference conditions.
Proposal 5:  Averaging window length of interference measurement can be signalled to UE so that the network side can have better control on link adaptation.
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