3GPP TSG RAN WG4 Meeting #57
   












     R4-104258
Jacksonville, USA, Nov. 15-19, 2010


Agenda item:


15.1.1 

Source:
Alcatel-Lucent 

Title:
ABS Pattern for CSI, RLM and RRM
Document for:

Discussions and Decisions
1 Introduction 
In [1], RAN4 received an LS from RAN1 on the way forward on enhanced inter-cell interference coordination (eICIC). With regard to RRC signalling, RAN1 has agreed the following requirements:
· RRC signalling is provided for resource specific RLM/RRM measurements: 
· If this signalling is provided for serving cell measurements, UE should use only the indicated subframes for serving cell measurements 

· If this signalling is provided for measurements on a given neighbour cell, UE should use only the indicated subframes for measurements on that neighbour cell (regardless of any previous assumptions about MBSFN subframes in that neighbour cell)

· FFS in RAN2: details of how the indicated subframes apply to RLM and/or RRM measurements 

· Limited set of patterns to be considered for RAN 4 performance requirements

· RAN4 should determine the patterns and the appropriate corresponding performance requirements

· FFS: Possible constraints on the set of patterns that can be signalled by RRC
· RRC signalling for CSI measurements
· UE is signalled across which resources interference can be averaged for CSI reports

· Details of how to modify the 36.213 CQI definition FFS

· Signalling details FFS in RAN1

· Performance requirements FFS in RAN4
· Note that ”cell” is according to the RAN2 definition in the context of CA
In this contribution, we provide an overview of the above agreement on the time domain partitioning solution as agreed in RAN1 and provide our views on the remaining open issues and performance requirement implications for RAN4. 
2 ABS Bitmaps 
Two bitmaps are agreed to be signaled over the X2 interface between the Macro and Pico cells. From the LS, the following can be summarized regarding the first and the second bitmap:
1. First Bitmap indicates the ABS patterns and it provides all possible subframes patterns that the interfering eNB can use for co-channel interference avoidance. It is signalled semi-dynamically such that the eNB with interfered UEs can utilize the received information for co-channel interference avoidance scheduling. The first bitmap can therefore be used at this eNB to signal its UEs for measurement purposes to support CSI and/or RRM
2. Second Bitmap is a subset of the first bitmap and is used by the interfering eNB to indicate to the interfered pico eNB the long-term ABSs that may be suitable in particular for the restricted RLM/RRM measurements. Therefore, the second bitmap is expected to be signalled semi-statically but at a slower rate than the first bitmap
Upon receiving the ABS bitmaps, the eNB with the interfered UEs would signal through RRC to inform the UEs of the ABS pattern to be used for its restricted RLM/RRM/CSI measurements. The measurement patterns chosen to be signalled to the UE would be decided by the particular eNB. In [2], various considerations on different options for the RRC signalling are addressed.
Pico UEs located at the cell edge use may be signalled the patterns through dedicated RRC for its serving cell measurements while Macro UEs located at the cell edge can also be signalled the ABS patterns to assist in its measurements of neighbouring cell for RRM purposes. 
Observation 1:
· The measurement patterns for RLM, RRM and CSI are a subset of the first bitmap and/or the second bitmap. 
· The measurement patterns chosen to be signalled to the UE are decided by the eNB i.e eNB implementation choice. 
· Support of UE specific RRC signalling to enable eNB scheduler optimization to inform only affected UEs of measurement patterns.
· Upon receiving the RRC signalled measurement patterns, the UE would apply the patterns for the designated purpose (i.e. RLM, RRM or CSI) as indicated by the RRC signalling.
3 Measurement Patterns 
In this section, the different requirements for the patterns for RLM, RRM and CSI are examined. In a Macro-Pico scenario, the measurement procedures have different impact on the Pico UEs and Macro UEs. They are explained below.
1. Pico UE measurements:

a. Serving Cell measurements: In Connected mode, the Pico UEs performs RLM and CSI measurements on the serving cell. The Pico UEs at the cell edge should use the ABS subframes information received to performe restricted measurements for RLM and CSI. These Pico UEs may also use these subframes for RSRP to serving cell since there is less noise on these measurements.
b. Neighboring Cell measurements: Pico UEs would be measuring the neighbor Macro cells to support RRM. Since the Macro cell that is transmitting ABS would still be transmitting CRS in the ABS subframes, the neighboring cell could be measured on any subframes. As a result, Rel-8/9 RRM measurements can be re-used. 
2. Macro UE measurements: the situation is reversed for the Macro UEs since the ABS is used by the Macro eNB:

a. Serving Cell measurements: As the CRS is sent in the ABS subframes, the RLM and CSI measurements would not be affected. Rel-8/9 CSI/RLM measurements can be re-used. 
b. Neighboring Cell measurements: To support RRM, the macro UEs should be measuring the Pico eNBs during the ABS subframes as during these subframes the interference experienced at the Pico cell is lower than other subframes. As a result, possible impact on Idle mode requirements would need to be studied.
Observation 2: In a Macro-Pico scenario, the ABS patterns affect the Connected mode measurements needed for RLM and CSI measurements by the Pico UEs. For RRM related measurements, the Macro UE perform RRM measurements on the Pico cell to support Cell reselection and Handover in Idle Mode and Connected mode, respectively. 

4 CSI Measurements Considerations 
In the previous section, we have considered RLM/CSI and RRM measurements requirement and its impact for both Connected and Idle modes, respectively. From the LS, it is stated that “Performance requirement is FFS in RAN4”.

CSI measurements, especially the CQI reports, provide the serving eNB with information useful for scheduling and determining what modulation and coding scheme (MCS) to use for each UE. When ABSs are configured in the Macro cell, the interference experienced by the cell edge Pico UEs will fluctuate between subframes. In order to exploit the potential performance gain of ABSs for scheduling and link adaptation, the CSI measurements of the UE should be performed on the restricted resources indicated by RRC signalling for CSI measurement. 

In some cases, there may be more than one interfering macro-cell for the cell-edge UEs of a given pico-cell. In such scenarios, a pico cell may receive multiple bitmaps indicating the ABS patterns of the different neighbouring interfering Macro cells. To support these scenarios, a Pico cell should be able to signal (by RRC signalling) to the pico UEs multiple patterns of subframes corresponding to each of the interfering macrocells for CSI measurement. In this case, the pico UEs can perform multiple CQI report (CSI measurement) based on the different RRC-signalled subframe patterns. These multiple CQI reports can provide PeNB scheduler with information about the significant interference to UEs, to support scheduling and link adaptation in the different ABSs.

Observation 3: 
· The CSI measurement observation interval for Rel-10 needs to be modified in RAN1 to support any restricted resources indicated by RRC. 
· In the event of a Pico cell experiencing interference from multiple macro cells with different ABS patterns, the possibility of signaling multiple patterns for CQI measurements should be supported. Hence, the possibility to configure multiple CQI reports corresponding to different sub frame patterns should be supported. 
5 Conclusions

In this contribution, we list the various aspects of measurements patterns that could impact RAN4 performance requirements specifications. The following observations have been identified:
· The measurement patterns for RLM, RRM and CSI are a subset of the first bitmap and/or the second bitmap. 
· The measurement patterns chosen to be signalled to the UE are decided by the eNB i.e eNB implementation choice. 
· Support of UE specific RRC signalling to enable eNB scheduler optimization to inform only affected UEs of measurement patterns. 
· Upon receiving the RRC signalled measurement patterns, the UE would apply the patterns for the designated purpose (i.e. RLM, RRM or CSI) as indicated by the RRC signalling.  
· In a Macro-Pico scenario, the ABS patterns affect the Connected mode measurements needed for RLM and CSI measurements by the Pico UEs. The RRM measurements of the Pico cell by the Macro UE to support Cell reselection and Handover in Idle Mode and Connected mode, respectively are also affected by the ABS patterns.
· The CSI measurement observation interval for Rel-10 needs to be modified to support any restricted resources indicated by RRC. 
· In the event of Pico cell experiencing interference from multiple macro cells with different ABS patterns, the possibility of signaling multiple patterns for CQI measurements should be supported. Hence, the possibility to configure multiple CQI reports corresponding to different sub frame patterns should be supported. 
We propose that RAN4 takes the above observations into considerations when defining the RLM, CSI, and RRM patterns needed for the performance requirement evaluations and specifications.
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