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Introduction
In Release-10, the UE may be signalled with three measurement restriction patterns in order to provide accurate intra-frequency measurements in Heterogeneous Networks when ICIC is deployed.
 (
There are three kinds of measurement resource restriction patterns that may be configured for the UE.
-
Pattern 1:
A single RRM/RLM measurement resource restriction for the 
PCell
.
-
Pattern 2:
A single RRM measurement resource restriction for all or indicated list of neighbour cells operating in the same carrier frequency as the 
PCell
. 
-
Pattern 3:
Resource restriction for CSI measurement of the 
PCell
. If configured, two 
subframe
 subsets are configured per UE. The UE reports CSI for each configured 
subframe
 subset.
 
)





The measurement restrictions were only applicable to the measurements performed in primary serving cell.   The need for inter-frequency measurement restrictions and the impact on RSRQ accuracy under different scenarios were discussed, but due to the work load inter-frequency measurements were not part of R10 eICIC.  
In RANP#54, the WI [1] was approved which included the following objective: 
 (
Finalizing the lef
tover work
 from Rel-10 on inter-freq/RAT TDM restricted RRM 
per UE. The UE reports CSI for each configured 
subframe
 subset.
 
)


In this contribution, the following aspects of inter-frequency measurements under TDM eICIC are studied in more details:
· The need for measurement restrictions for RRM measurements in macro-pico and macro-femto deployments
· The need for resource restriction for CSI measurements for secondary cells in CA deployments
Discussion
Measurement restrictions for RRM measurements 
RSRQ Inaccuracy Issue 
One of the main discussed issues related to inter-frequency RRM measurements in heterogeneous network deployments is the accuracy of the RSRQ measurements.  The accuracy of RSRQ measurements in a non-serving frequency can be impacted in the following scenarios -
· The UE is measuring an aggressor cell’s RSRQ in sub-frames overlapping with the aggressor cell’s ABS.  In this case the RSRQ measurements may be optimistic due to the absence of data in those sub-frames. 
· The UE is measuring a victim cell during non-ABS sub-frames.  In this case the RSRQ measurement is deemed to be pessimistic as the UE operating in victim cell will in reality be scheduled only on ABS sub-frames.

As shown in [2], the RSRQ inaccuracy in typical scenarios with 6dB CRE bias was observed in median measurement results (50%-tile) to be as high as 7.1 dB. Consequently, inter-frequency handover decisions may be impacted, resulting in unnecessary handovers or radio link failures. 

The other motivation for measurement resource restrictions for inter-frequency measurements is load balancing (i.e., moving UEs between frequencies to distribute load). RSRQ is normally used for load balancing and accurate inter-frequency RSRQ measurements require measurement restrictions. As a result of RSRQ inaccuracy, the distribution of the traffic load may become imbalanced over multiple inter-frequency cells. 

In the following sections we evaluate the impact of an inaccurate RSRQ measurement on the UE and the system for two separate deployments, macro-pico and macro–femto.  

Macro-pico deployment
Figure 1 illustrates a two frequency deployment scenario.  The UE is served by a macro cell on CC2 and is configured to measure neighbouring cells on CC1.  On CC1, a pico configured with a cell-range extension (CRE) is deployed under the macro’s coverage, which is performing ABS.
We consider the UE RSRQ at different positions, labelled as 1, 2 and 3 in Figure 1. 
At Point 1, there is a possibility of biasing effect on the RSRQ measurements. If the measurements are performed on ABS sub-frames optimistic RSRQ might be measured, due to absence of aggressor’s data on ABS. 
The over-estimation of RSRQ is essentially due to the difference in received signal strength indicator in ABS and non-ABS due to absence/existence of data REs [2]. Hence, the RSRQ biasing effect will only be significant if the contribution of RSSI of the measured cell is significant compared to other contributions such as thermal noise and other cells signals. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]However, at Point 1, which is further away from the cell-center, it is expected that the contribution of macro cell signal might not be significant and the interference from other cells may be non-negligible. Thus, the overall bias for RSRQ measurements at Point 1 may be within acceptable tolerance limits as specified in Section 8.1.1[5]. This is especially true as the RSRQ accuracy requirements are dependent on the site conditions and the tolerance limits are higher for cell-edge compared to cell-center measurements [5].



Figure 1 Inter-frequency RRM measurement in macro-pico scenario.

Referring back to Figure 1, for the UE at Point 2, if the measurements are taken on non-ABS sub-frames, the RSRQ results for the pico cell might be pessimistic and therefore the measurements are biased towards the macro-cell compared to the pico-cell. Essentially, in this scenario, the key consequence of not having a measurement restriction is that the UE may first perform an inter-frequency handover to the macro cell and then eventually perform a handover to the pico-cell once the measurement restrictions are configured. This is similar to the idle mode case, where the UE will be connected to the macro cell when transitioning to connected mode and then eventually move to the pico cell.  

At Point 3, we note that there is no difference in measurements expected when taken on ABS or non-ABS sub-frames.  

According to the above analysis, the only problematic situation in a macro-pico scenario occurs in Point 2.  However, it was shown that the most severe consequence will be that the UE will perform two handovers instead of one.   

The probability of the occurrence of this situation depends on the likelihood of the UE being in a position which overlaps with pico-cell CRE range in another frequency layer. Furthermore, the severity of this issue is dependent on whether the UE’s serving cell conditions are worse that the measurements from the other layer, actually triggering the handover to the macro-cell in the first place. 

Given the minimal impact on the system we do not think that this scenario justifies the need for additional signalling to provide necessary measurement restrictions for RRM measurements in the macro-pico deployment. 

Proposal 1:  Agree that for macro-pico deployments in non-serving frequencies RRM measurement restrictions are not necessary.

Macro-femto deployment
In the macro-femto scenario, the inter-frequency mobility considerations may be more important. The case is more critical in the scenario where the quality of the serving frequency is degrading and the macro cell on the other frequency is experiencing interference from the femto-cell. If the deployment is such that at the UE’s position relative to the non-serving frequency, the macro cell is severely being interfered by the femto-cell, then the quality of the macro cell may be below an acceptable threshold to trigger an inter-frequency event, which may result in a dropped called or a reduced quality of service. 

More specifically, this is shown in Figure 2, point 1, where the UE is performing inter-frequency measurements on CC1 and being served on CC2.   When the UE tries to measure the macro cell on CC1, the RSRQ measurements will be overly pessimistic due to severe interference from the femto-cell.  Therefore, the RSRQ measurement of the macro cell might be too low to trigger an inter-frequency handover.  On the other hand, if the RSRQ measurements were performed during femto’s ABS then the RSRQ measurement will be more accurate allowing for a timely inter-frequency handover and seamless connectivity.      

In the scenario where the quality of the serving frequency is acceptable and the network has configured the UE to perform measurement on the other frequency for load balancing purposes, the only consequence of the measurement inaccuracy is that the UE may not move to the other frequency.  However, for load balancing purposes the network may have the option to attempt to move other UEs in the frequency to the other frequency and therefore the problem for the UE in this situation is not too critical.  



Figure 2 Inter-frequency RRM measurement in macro-femto scenario.

We note that inter-frequency measurements may be performed in measurement gaps, which may comprise of some ABS and non-ABS sub-frames. In the macro-femto case, it is expected that the ratio of ABS to non-ABS sub-frames will be large since the load on femto cells will be much lighter than load on macro-cells.  As a possible workaround to the inaccuracy issue, the network may be able to configure measurement gaps such that the sub-frames of the measurement gaps coincide with ABS sub-frames. 
Furthermore, in the absence of measurement restriction, the RSRQ measurements would effectively be averaged over ABS and non-ABS sub-frames over a measurement gap.  Hence, the severity of the problem may not be as significant if the results are averaged over time and the UE is not always unlucky to be measuring only during ABS or only during non-ABS.
In light of these considerations, it should be discussed if the expected RSRQ inaccuracy is a significant issue for the above studied positions in inter-frequency heterogeneous network deployments.
Proposal 2: RAN2 should discuss the need to support signalling of measurement restrictions for RRM measurements in macro-femto scenario.
Measurement restriction for CSI measurements 
In Release-8, CQI reporting targets accurate representation of the serving channel quality which can be used subsequently by the serving eNB to perform channel dependent scheduling and rate assignment. In Release-10, it was agreed to provide separate resource restriction provided for CSI measurements for PCell so to allow UE measurements on certain scheduled interference conditions, which improves the CSI measurement accuracy. The eNB relies on accurate CSI measurements for scheduling, link adaptation and resource management decisions. For intra-frequency measurements, CSI (CQI, PMI, RI) feedback based on interference measurement in restricted subsets of sub-frames is enabled through two subsets of sub-frames indicated by a CSI measurement sub-frame configuration (Pattern 3). 

In case of Carrier Aggregation, in case the Scell frequency layer is enabled with eICIC to support pico/femto deployment, there is an equivalent need to provide resource restrictions for CSI measurements to ensure accurate measurements.  Without measurement restrictions, a UE may average interference estimates over ABS and non-ABS sub-frames to derive a CSI feedback, leading to inaccurate measurements when the interference level of these two types of sub-frames is significantly different. For e.g. if the macro-UE has an activated Scell under strong interference from an aggressor femto-cell, the averaged CSI report might be much worse than the real CSI, and thereby the eNB will not be able to efficiently schedule on protected sub-frames for the victim macro-UE. Also, although interference-reduced subframes (due to ABS) have better channel quality, it might still beneficial that the eNB schedules transmission in both types of sub-frames. Simply allowing CSI measurement decision to UE implementation will degrade the performance, for example, if the RI and the PMI/CQI are measured on different sub-frames, the feedback may not be very accurate and MIMO performance will be corrupted [6].  

In reference to Figure 3, the Macro eNB supporting multiple carriers can already support X2 exchange of intra-frequency eICIC parameters between the Macro and the small cell on the Scell frequency. RAN2 needs to discuss additional support of the resource restriction patterns to enable the UE to perform restricted CSI measurements for Scells. 



Figure 3 CA Scenario with pico/femto deployment on Scell
Similar to R10 for Pcell, two sub-sets may be necessary to determine the CSI in ABS and non-ABS to allow optimal network scheduling. The network could choose how to configure the two sub-frame subsets but in general, the expectation would be that CSI measurements using the two configured sub-frame subsets are subject to different levels of interference (e.g., one sub-frame subset indicates ABSs while the second sub-frame subset indicates non-ABSs).

Proposal 3: Agree that CSI measurement restrictions are also required for the Scells.  

Conclusion
Proposal 1:  Agree that for macro-pico deployments in non-serving frequencies RRM measurement restrictions are not necessary
Proposal 2: RAN2 should discuss the need to support signalling of measurement restrictions for RRM measurements in macro-femto scenarios.
Proposal 3: Agree that CSI measurement restrictions are also required for the Scells.  
Reference
[1] [bookmark: _Ref305407007]RP-111369 Further enhancements Non CA-based ICIC for LTE-Core Part, 3GPP TSG RAN #74, September 2011.
[2] [bookmark: _Ref305406978]R2-110242, “Discussion of resource restriction on RLM/RRM/CSI measurement”, ZTE, Jan. 2011.
[3] R4-111076, “Discussion on RSRQ Measurement accuracy with eICIC”, Huawei, HiSilicon, Feb. 2011.
[4] TS 36.300 v10.4.0
[5] [bookmark: _Ref305407151]TS 36.133 v10.3.0
[6] [bookmark: _Ref305408846]R1-106184 Remaining issues on eICIC for Rel-10, NTT DoCoMo, Dublin, Ireland, January 2011
[7] R4-103791, “eICIC CSI Feedback Requirments”, 3GPP TSG RAN WG4 2010 AH#4, Qualcomm Incorporated, October, 2010.
	 1/6
image1.emf
Macro

Serving 

cell

CC1

CC2

Pico

1

2

3


oleObject1.bin
�


Macro



Serving 
cell



image2.emf
Macro

Serving 

cell

CC1

CC2

Femto

1


oleObject2.bin
�


Macro



Serving 
cell



image3.emf

oleObject3.bin

