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Discussion and decision
1. Introduction
In RAN1 #63b, a way forward on time-domain extension of the Rel 8/9 backhaul-based ICIC for the Macro-Pico scenario was agreed [1]. According to the LS [1] from RAN1, the macro cell indicates its Almost Blank Subrame (ABS) pattern to the pico cell using a bitmap, the period of which is 40ms (FDD). 
Two bitmaps are provided to the pico cell, which are semistatically updated:

· one bitmap indicates the subframes which are ABS,
· The  second bitmap indicates a subset of the subframes indicated by the first bitmap, which are recommended to receiving node for configuration of restricted RLM/RRM measurements in the UE. Thus, if an ABS pattern is signalled to the UE, it is related to the second bitmap received by the pico cell, and not the first.
In [2] a number of approaches on ABS pattern signalling and use of these patterns for RLM and/or RRM measurements, for serving and neighbouring cells were discussed.  Three approaches were discussed:

1. Approach 1: The ABS pattern is signalled per PCI range: this solution offers the most flexible mechanisms to allow the network to configure RLM/RRM measurements per PCI ranges.

2. Approach 2: One ABS pattern is signalled, which the UE uses for measuring serving cell and neighbouring cell – some concerns were raised given that in some situations the RSRQ measurements on the serving cell would be inaccurate and optimistic.

3. Approach 3: Two sets of measurement restrictions are provided to the UE, one for the serving cell and one for measurements on the neighbouring cell.  These solutions may results in optimistic RSRQ measurements on the neighbouring cell and correct measurements on the serving cell.  It was deemed however, that RSRQ measurements are not used for intra-frequency measurements on neighbouring cell.  

In this document, we attempt to identify and agree on a set of assumption to guide RAN2 in making some decisions on signalling the measurement restrictions to the UE and discuss the need for measurement restrictions on the serving cell and neighbouring cells for RLM/RRM purpose. 

2. ABS Pattern for RLM/RRM
2.1 Use of ABS patterns
It has been discussed and suggested in [2] that even though RSRQ measurements on neighbouring cells can be highly affected by the use of ABS in macro-pico and macro-femto scenarios, they are not currently used and are not important for intra-frequency mobility purposes.  However, these measurements may be important for inter-frequency purposes, where the eNB may use these values in addition to the RSRP values to make a handover decision.  Since the RSRQ measurements are impacted by the use of ABS, it is important that we agree on whether these measurements are needed for intra-frequency mobility and measurements on neighbouring cells.
As a way forward we propose to agree on the assumption that the RSRQ measurements are not used for intra-frequency mobility.  

Assumption 1: The use of RSRQ measurements is not important for intra-frequency mobility

If assumption 1 is true, then the impact of measurement restrictions on the RSRQ of neighbouring cells on the same frequency as the serving cell should not be taken into consideration when choosing a signalling approach in RAN2.  
However, since the use of RSRQ may still be important for inter-frequency measurements, the measurement restriction should be properly configured for RSRQ measurements of the serving cell. 
Additionally, Radio Link Monitoring is a procedure that that is used to determine the downlink radio quality of the serving cell. This quality measurement is affected by interference and therefore should be taken according to the correct ABS pattern.  Since RLM is only performed in the serving cell, we can conclude that it is essential that the correct measurement restrictions are configured for the serving cell, in order to ensure that the UE doesn’t inaccurately declare RLF.  

CQI definition with ABS is still FFS, however, if modifications are required in order to meet the RAN4 requirements, then the measurement restrictions required to perform CQI estimation are also applicable to the serving cell only.  

Observation 1:  RSRQ measurements, Radio Link Monitoring, and potentially CQI measurements, have to be performed using the correct measurement restrictions on the serving cell.  The measurement restrictions applied on the neighbouring cells are either not important or not applicable for these set of measurements.  
The remaining RRM measurement to consider when designing measurement restriction signalling is the RSRP.  The Reference signal received power (RSRP), is defined as the linear average over the power contributions of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.    
The impact to the accuracy of the RSRP measurement if the measurement sample is taken during a highly interfered sub-frame or during an ABS was not analyzed in [2].  As part of the discussions a few companies expressed that no issues were identified or seen with the RSRP since CRS is transmitted as in release-8/9 even in ABS.   We also do not see any significant impact to the RSRP measurements due to ABS.  
However, the accuracy of the measurements for weaker cells may be slightly affected due to interference; yet it is not clear as to what the severity of this inaccuracy is.  
For Cell Range Extension cells, the accuracy of the RSRP may be important since the signal strength of these cells are considered to be well below that of the serving cell, however it is has not been agreed whether the use of CRE should be considered.   If we don’t use CRE then the accuracy of other neighbouring cell is not very critical, since the measurements for these cells will be performed as in Rel-8/9.  
Observation 2:  The impact to the accuracy of the RSRP measurements on the serving cell and/or neighbouring cell needs to be analyzed and an assumption moving forward should be taken.  
According to observation 1 we can conclude that at least it is important for the UE to be configured with the correct ABS pattern to use for measurement restrictions on the serving cell.  Therefore, when considering signalling solution we should focus our efforts in ensuring that the correct configuration is provided for the serving cell.   
Therefore, as a first step it is proposed that the UE is provided with an ABS pattern that is applied on the serving cell only.  If the pattern is present the UE applies the pattern for measurement restrictions on the serving cell, else the UE does not perform any measurement restrictions.  
For example, for the three scenarios as extracted by table 1 in [2] the following configuration would apply for the serving cell:

1. Pico UE under the coverage of a macro cell, should use ABS to perform measurements on the serving pico cell (the Macro ABS is signalled when the UE is under the pico coverage)
2. Macro UE under a pico coverage, should not have any measurement restrictions ( no pattern is signalled)

3. Macro UE under a femto coverage, should use ABS to perform measurements on the serving macro cell (the femto ABS pattern is provided to the UE)
Proposal 1: The measurement restriction should be configured and applied on the serving cell.
According to the observations made above, whether the UE applies measurement restriction on the neighbouring cells does not seem to be important or critical at least for RSRQ, RLM and CQI. Therefore, the need to signal a separate measurement restriction for the neighbouring cell depends on the need to apply ABS patterns for the purpose of performing RSRP measurements.   
If we assume that the accuracy of the RSRP measurements is not affected, then it is not clear as to why measurement restrictions need to be applied on the neighbouring cells.  Therefore, in order to simplify signalling and UE procedures two simple new approaches can be considered:

· Approach 4: No measurement restrictions are applied on neighbouring cells.  The UE is provided with the correct measurement restriction to apply on the serving cell only

· Approach 5: The UE applies the ABS pattern provided for the serving cell, to all the neighbouring cell measurements.    This is similar to approach 2, with the difference that the correct restriction is applied to the serving cell, and all the neighbouring cells apply the same.   

However, if this cannot be assumed and it is determined that it is critical for the UE to use the ABS pattern to measure a neighbouring cell for RSRP measurements, such as a pico cell, then we think that Approach 3 or Approach 1 in [2] should be considered as candidate solutions for signalling neighbouring cell restrictions.  

Proposal 2: Discuss the need for signalling and applying measurement restrictions on the neighbouring cells
2.1 Signalling of the ABS pattern
The signalling of the ABS pattern to the UE can be cell specific or UE specific.  For example, there will be situations where all Pico UEs will be using the same measurement restrictions (macro-pico) and cases where macro UEs will be using different restrictions (macro-femto).  UE specific signalling can be realized by means of RRC dedicated messages, whereas cell specific signalling can be realized by means of broadcasting the pattern.  
For the macro-femto scenario dedicated signalling is required, such that not all UEs under the macro’s coverage are forced to utilize the pattern, thus UE specific signalling has to be introduced.  For the macro-pico case, cell specific signalling may be more optimal from a signalling overhead prospective, but since UE dedicated signalling has to be provided for macro-femto, the question is whether two sets of procedures need to be introduced.  

In order to reduce the number of solutions to be used for the different scenarios, we believe that UE specific signalling is sufficient to provide ABS signalling for both the macro-femto and the macro-pico scenarios.
When jointly considering the scenarios for which an ABS pattern may need to be provided to the UE the following situations should be taken into account:

1. A handover occurs from a macro cell to a pico cell 

2. A report indicating the CSG identity and that the UE is not a member is sent to the network  [macro-femto?]
3. The UE transitions from idle mode to connected mode is connected to a PICO cell under the coverage of a macro cell

4. While the UE is connected to a pico cell (or macro cell under femto coverage) a pattern is changed 

5. A RRC re-establishment as a result of RLF occurs.

For situations 1, 2, and 4, the ABS configuration can be provided to the UE via the RRCConnectionReconfiguration message, and for scenario 3, this information can be signalled with with the RRC connection setup message.  Lastly, for scenario 5, RLC reestablishment message can be used to provide the ABS information.
The information element that is present in all these RRC message is the radioResourceConfigDedicated IE, which is also used to provide the UE with the RLF timer.  Therefore, to limit the number of changes and additions to the RRC messages we propose to include the ABS information in the radioResourceConfigDedicated IE.  
Proposal 3:  Use RRC dedicated signalling to configure the UE with the ABS info to use for measurement restrictions.  The ABS info can be provided in the radioResourceConfigDedicated IE.
The ABS bitmap can be signalled to the UE by using an explicit bitmap pattern, where the network indicates the frames/subframes that are blanked.  In order to explicitly signal the subframes that are blanked within each frame of the window a larger number of bits may be required.  Taking into consideration that RAN4 and RAN1 are only considering a finite set of ABS patterns, we can optimize the signalling by defining a set of allowed patterns and the eNB signals an index to a this predefined set.
Proposal 4: The pattern is provided as an index to a predefined set of patterns
3. Conclusion
In this contribution a number of observations/assumptions regarding the use of measurement restrictions for the purpose of RLM/RRM measurements were discussed.  As a result the following proposals were made:
Proposal 1: The measurement restriction should be configured and applied on the serving cell.
Proposal 2: Discuss the need for signalling and applying measurement restrictions on the neighbouring cells
Proposal 3:  Use RRC dedicated signalling to configure the UE with the ABS info to use for measurement restrictions.  The ABS info can be provided in the radioResourceConfigDedicated IE.
Proposal 4: The pattern is provided as an index to a predefined set of patterns
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