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1 Introduction
In the last RAN2 meeting, RRC (ASN.1) specification for LTE-A are initially released to support IMT-Advanced technology for ITU-R submission. RRM measurements information elements are defined in TS36.331, but there are some ambiguity between RAN2 RRC specification and RAN4 decision to measure RSRP and RSRQ requirements for neighbour cells. In RAN4 eICIC ad-hoc session, to measure the target neighbour cell’s RSRP, any restricted conditions are not defined for this WI. However, it is defined in TS36.331 that if UE do not have measSubframeCellList for RRM measurements in TDM enhanced ICIC environments, UE can applies time domain measurement resource restriction for all neighbour cells. It is contrary to RAN4 RRM measurement assumptions. And also, if we consider real deployed network scenarios such as MBMS system and cell coverage extension scenarios, UE should measure RSRP/RSRQ for RRM measurements in some restricted sub-frames to achieve reasonable power values.
For eliminated miss-alignments between RAN2 specification and RAN4 specification in eICIC system, we need further discussion for the analysis of the UE impact with/without measSubframecellList.
2 Discussion 
According to TS 36.331, serving cell can signal two information elements, 1) measSubFrame Pattern-Neigh-r10 and 2) MeasSubframeCellList-r10 to configure restricted measurements on neighbour cell RRM measurements. These two parameters can be included in measurement object that is dedicatedly signalled to UE as shown below. 
MeasObjectEUTRA information element
-- ASN1START

MeasObjectEUTRA ::=




SEQUENCE {


carrierFreq






ARFCN-ValueEUTRA,


allowedMeasBandwidth



AllowedMeasBandwidth,


presenceAntennaPort1



PresenceAntennaPort1,


neighCellConfig





NeighCellConfig,


offsetFreq






Q-OffsetRange



DEFAULT dB0,


-- Cell list


cellsToRemoveList




CellIndexList



OPTIONAL,

-- Need ON


cellsToAddModList




CellsToAddModList


OPTIONAL,

-- Need ON


-- Black list


blackCellsToRemoveList



CellIndexList



OPTIONAL,

-- Need ON


blackCellsToAddModList



BlackCellsToAddModList

OPTIONAL,

-- Need ON


cellForWhichToReportCGI



PhysCellId




OPTIONAL, 

-- Need ON


...,


[[measCycleSCell-v10x0



MeasCycleSCell-v10x0

DEFAULT sf320,



measSubframePatternConfig-Neigh-r10

CHOICE {




release








NULL,




setup








SEQUENCE {





measSubframePattern-Neigh-r10


MeasSubframePattern-r10,





measSubframeCellList-r10



MeasSubframeCellList-r10
OPTIONAL
-- Need OP



}



}

OPTIONAL






-- Need ON


]]

}

measSubframeCellList

List of cells for which measSubframePattern-Neigh is applied. If not included the UE applies time domain measurement resource restriction for all neighbour cells.
The field description of the concerned information elements in TS 36.331 are analyzed follow chapter.
2.1 UE implementation complexity with OPTIONALITY of measSubframeCellList 

Generally, eNB sends to all UEs the measSubFramePattern-Serve/Neigh to Pico cell coverage extension. And also UE does not know which cell_ID is defined as eNB or Pico NB.
For eICIC RSRP/RSRQ measurements, it was noted that measSubframeCellList is optional, which means that neighbour cell measurement restriction can be configured only with measSubframePattern-Neigh without measSubframeCellList. 
It is our understanding that the RAN2 decided to make measSubframeCellList OPTIONAL in order to allow for some signaling optimization. However, we think that allowing such case may increase UE complexity and might be decreased the handover performance due to reduce the measurement opportunity. To discuss this, we would like to take a look at three possible configurations regarding measSubframePattern-Neigh. 
For each configuration, we briefly suggest the implementation considerations regarding measurement mechanism. 
1) Scenario 1: eICIC not configured to the UE (conventional case such as Rel-8/9)
2) Scenario 2: eICIC configured (measSubframePattern-Serv/Neigh) to UE with measSubframeCellList
3) Scenario 3: eICIC configured (measSubframePattern-Serv/Neigh) to UE without measSubframeCellList
3 Analysis for the UE implementation complexity with regard to OPTIONALITY of measSubframeCellList
Comparing the implementation considerations of each case, we analyze UE workload to measure RSRP/RSRQ of all neighbour cells in the restricted pattern, we consider following general assumptions to measure RSRP/RSRQ of neighbour cells.
1. eNB1 is serving cell of UE1 as figure1.
2. UE1 try to move from eNB1 area to eNB2 area.
3. UE1 received measSubframePattern-Neigh/serving cell from eNB1 
4. eNB1 send information of MeasSubframeCellList-r10 (Case2) or eNB1 did not send information of MeasSubframeCellList-r10 (Case3)
5. # of Ncell(macro eNB/pico NB) for intra-frequency measurements is at least 8 cells in figure 1.

For the scenario1, we do not have any issue point to measure the neighbour cell’s RSRP/RSRQ. So in this case, UE performed normal operation as below.
Scenario 1: eICIC not configured to the UE (conventional case such as Rel-8/9)
· When eICIC is not applied, it is totally up to UE implementation which subframes can be taken into account for RSRP/RSRQ measurements, as done by Rel-8/9 UEs. 
· Implementation considerations: Any subframe can be taken info account for RRM measurements. 
(No new issue should exist with regard to Rel-8/9 measurement mechanism.
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Figure1. eICIC scenarios for RSRP/RSRQ measurements 
As scenario2, when eICIC is configured with measSubframeCellList, UE only measure the restricted cell_Lists(such as Pico 1,2,3,4) on the restricted measurements subframes on the neighbour cells. For other cells(such as Macro1,2,3,4) not included in the measSubframeCellList, Rel-8/9 measurements mechanism should be applicable.
In this case, UE just reuse same memory/buffer to cover the number of restricted cell_Lists. Or UE might be added S/W control scheme to measure the restricted cells with implementation issues. Therefore, UE’s behaviour for scenario2 can summarize as follow
Scenario2: eICIC configured (measSubframePattern-Serv/Neigh) to UE with measSubframeCellList
· If eICIC is configured with measSubframeCellList, UE shall apply restricted measurements on the neighbour cells in the measSubframeCellList. For other cells not included in the measSubframeCellList, Rel-8/9 measurements mechanism should be sufficient. 

· Implementation considerations: [Possible/required UE implementation] ( UE measure common RS according to cell_ID sequentially. It means required buffer size could be adjusted to measure just one neighbour cell’s common RS. Subsequently, UE reset the memory to save the next neighbour cell’s common RS 
( [No significant increase of UE processing power is expected, hence no issue-RAN4 TODO]


For the scenario3, UE did not have information of restricted cell_Lists to the restricted measurements pattern, so UE could not take all sub-frames into account for RRM measurements. If UE received measSubframePattern-Serv/Neigh as below figure2, then UE shall use restricted sub-frames (red color in figure2) for RSRP/RSRQ measurements of the all neighbour cells(such as Macro1,2,3,4, Pico 1,2,3,4) on the intra-frequency.
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Figure2. eICIC measSubframePattern-Serv/Neigh for RSRP/RSRQ measurements 
And also, hence UE did not distinguish Macro cell and Pico cell, UE cannot measure the RSRP/RSRQ of pico & macro cells in a different regions such as conventional rel-8/9 RRM measurements scheme for macro cells and restricted RRM measurements in restricted sub-frames (red color) for pico cells.
Therefore, UE should increase buffer size and processing power to measure RSRP/RSRQ of all neighbour cells in restricted sub-frames.
Scenario 3: eICIC configured (measSubframePattern-Serv/Neigh) to UE without measSubframeCellList
· If eICIC is configured without measSubframeCellList, UE shall apply restricted measurements on the all neighbour cells on the intra-frequency associated with the measurement object including the measSubframePatternConfig-Neigh.
(As figure2, if eNB send measSubframePattern-Serv/Neigh to UE, then UE shall use restricted sub-frames (red color) for RSRP/RSRQ measurements of the all neighbour cells on the intra-frequency. Because to increase pico cell coverage, UE should measure pico cell’s RSRP/RSRQ without macro cell’s interference.
· Implementation considerations: [possible/required UE implementation]( 
(Significant increase of required UE processing power/memory is expected, since UE should save all RS signals from all neighbour cells in memory/buffer to achieve correct RSRP/RSRQ values with restricted sub-frames.
Hence, UE has some problems to measure the all neighbour cells in the restricted subframe patterns such as increase memory/buffer size and high processing power to measure all neighbour cells.
And also, Due to decreasing of measurement opportunity for RSRP/RSRQ in enhanced ICIC system, UE could suffer irreversible handover problem. 
To avoid such undesirable increase of UE complexity, we only consider the scenarios2 in enhanced ICIC system. This means that whenever network configures UE for restricted measurements on neighbour cells, it shall include measSubframeCellList. This is more or less a network restriction and can be captured as a Note in the field description of measSubframeCellList in TS 36.331. 
Proposal 1: General assumption for RRM measurements including information elements in RAN4 working agreements are should be aligned to RRC specification in TS36.331
Proposal 2: Whenever network configures UE for restricted measurements on neighbour cells, it shall include measSubframeCellList for RRM requirements on TDM eICIC.
If we are agreed with this solution, we shall send LS to RAN2 to give information and RAN4 agreements for RRM measurements in TDM eICIC requirements.
4 Proposal and Conclusion
In this contribution, we presented a reasonable proposal to solve the undersigned problems to measure neighbor cell’s RSRP/RSRQ values without measSubframeCellList for TDM eICIC RRM requirements. From our analysis, when UE do not have information of measSubframeCellList, UE should increase buffer size and processing power to measure RSRP/RSRQ of all neighbour cells in restricted sub-frames. Moreover, if number of neighbour cells is more increase, the required buffer and processing power are more serious. Therefore, we presented three proposals.
Proposal 1: General assumption for RRM measurements including information elements in RAN4 working agreements are should be aligned to RRC specification in TS36.331

Proposal 2: Whenever network configures UE for restricted measurements on neighbour cells, it shall include measSubframeCellList for RRM requirements on TDM eICIC.
Proposal 3: After consensus within RAN4, give a information to RAN2 to captured as a Note in the field description of measSubframeCellList in TS 36.331
Reference
[1] 3GPP TS36.331 v10.2.0

[2] 3GPP TS36.133 v10.2.0[image: image3.png]



_1370155345.vsd
�

eNB2



_1370157086.vsd
1


0


Subframe


1


0


measSubframePattern-Neigh
(40bits)


measSubframePattern-Serv
(40bits)


1


0


Subframe


1


0


measSubframePattern-Neigh
(40bits)


measSubframePattern-Serv
(40bits)


Or



