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1 
Introduction
In previous RAN4 meetings new RSRQ definition and system level simulation results were extensively discussed [1]~[6]. However there was not final agreement on this new RSRQ definition beyond Rel11 [7].Therefore in this contribution, we provided further considerations and proposals on this new RSRQ definition.   
2 Further considerations on new RSRQ 
2.1. Thresholds used to trigger the measurement report for new RSRQ and old RSRQ

In E-UTRAN measurement events reporting should be triggered depending on corresponding events trigger threshold specified in “ReportConfigEUTRA”, e.g. “a1-Threshold, a2-Threshold, a3-Offset” [8]. For example, when the absolute RSRQ reports of the serving cell are less than “a2-Threshold”, event A2 will be triggered. Theoretically if RSRQ calculating methods are different (new or old RSRQ), it is reasonable to adopt different thresholds to achieve the target event triggering probability. For example, in Figure 2 if the thresholds to trigger A2 event are “A2_th_new” and “A2_th_old” for new RSRQ and old RSRQ respectively, the same probability (about 40%) of A2 event will be achieved. Otherwise different methods will result in different event triggering probability and, at least, one of the methods will miss the target. From that point of view, the old RSRQ is unnecessarily more vulnerable than the new RSRQ. The same analysis above can be extended to other events including A1~A6 in [8] normally.
And from the network perspective, the thresholds to trigger event reporting can always be controlled. When different RSRQ calculating methods used, it seems unnecessary and not beneficial of the network to use an identical threshold. The improper threshold will result in the unexpected probability of measurement reporting triggered. For example, if the threshold is chosen based on old RSRQ, the system based on new RSRQ can be too conservative to make HO and end up with a higher chance of RLF. 

Observation 1: In order to guarantee the target probability of event triggering, different thresholds are needed when different RSRQ used. It is not very meaningful to compare the different RSRQ definitions when a single threshold is shared.
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Figure 1. Measurement event trigger thresholds for new and old RSRQ
2.2. RSRQ variation against different cell loadings
According to the simulation results of new and old RSRQ distribution in Figure 2, the new RSRQ exhibits wider variation than the old RSRQ when the cell loading is changed. When eNB is not aware of the exact loading condition of neighbor cells, it is going to be a challenge of the network to maintain the target probability of event triggering especially for new RSRQ. 

[image: image2.emf]-24 -22 -20 -18 -16 -14 -12 -10 -8 -6 -4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSRQ (dB)

CDF

RSRQ CDF (25 RBs）synchronous

 

 

RSRQ（new）25% loadingRSRQ（old）25% loadingRSRQ（new）50% loadingRSRQ（old）50% loadingRSRQ（new）100% loadingRSRQ（old）100% loading 

Dynamic range 

of  old RSRQ

Dynamic range of 

new RSRQ


Figure 2. RSRQ distribution range
Observation 2: New RSRQ is inherently more sensitive to the cell loading than old RSRQ. This makes the network very challenge to achieve the target probability of event triggering, considering the neighbor cell loading is typically unknown by the serving cell.
2.3. Inconsistent RSRQ methods among the serving cell and neighbor cells

If the serving cell and neighbor cells with different releases are co-deployed, the different RSRQ measurement methods can be used. For example, in Figure 3 if RSRQ of serving cell and neighbor cell are based on different RSRQ methods, RSRQ difference between the serving cell and neighbor cells is larger than “a3-Offset” specified in “ReportConfigEUTRA”. This will kick-off a handover event. However, the exact RSRQ difference if the same RSRQ definition is used may be less than “a3-Offset”. Consequentially such inconsistent measurement brought by the different RSRQ definitions will trigger some false handover events which can lead other system performance degradation, e.g. traffic lose in the original serving cell. For other measurement events in E-UTRA which depends on the reports from both serving cells and neighbor cells, e.g. “A5 event” [8], same conclusion can be obtained.    
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Figure 3. HO triggered when different RSRQ definitions used for serving cell and neighbor cell
Observation 3: When different releases of network co-exist, multiple RSRQ definitions may introduce some measurement ambiguity and negatively impact the network performance.
2.4. Impact due to adjacent channel interference (ACI)

One of important concerns on the new RSRQ is the higher power consumption because of more OFDM symbols to be processed per measurement subframe[2]. It has been argued that other implementation alternatives, e.g. RSSI computing over multiple OFDM symbols in time-domain, are possible to resolve this issue. In this case, the new RSRQ/RSSI can be obtained directly over multiple OFDM symbols. The adjacent channel interference and the corresponding impact on the RSSI should be addressed. The study of ACI impact in LTE has been shown in [11]. ACI impacts in LTE will be increased significantly ( e.g. about 2~3dB higher than that of UTRA for 5MHz system bandwidth [11]).
Ideally ACI can’t be filtered out completely in RF front end. Some of ACI will leak into occupied bandwidth in baseband. If the power accumulating is over multiple symbols of a measurement subframe in time domain directly, the more ACI will be counted into RSSI. As result, RSRQ accuracy performance will be degraded.  When RSSI is calculated over frequency domain symbol by symbol, the adjacent channel interference out of used subcarriers can be excluded. This makes RSRQ measurement more accurate. 
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Figure 4. Adjacent Channel Interference (ACI) [11]
Observation 4: ACI will impact RSRQ measurement accuracy more if RSRQ is computing over multiple OFDM symbols in time domain.
2.5. Existing RSRQ measurement over all symbols in a measurement subframe
In current specs, new RSRQ can also be configured and measured over all OFDM symbols in the indicated subframes by high layer signaling [9]. Initially such RSRQ definition was introduced because of eICIC and FeICIC [12]. However, this RSRQ measurement method is unnecessarily limited to eICIC/FeICIC only. More specifically, the RRC signaling of “MeasSubframePatternConfigNeigh” [8] is typically used to indicate UE to perform RSRQ over all OFDM symbols in ABS subframes. The network can use the same IE to control of applicability of different RSRQ definition for all other scenarios. Therefore, it seems we don’t have to introduce other high layer signaling to manipulate the new and old RSRQ. 
Observation 5: No need to introduce new RSRQ and corresponding high layer signaling to specify “new or old” RSRQ method.
Based on the analysis before [2] and further considerations on this new RSRQ so far, it is proposed:
Proposal 1: It is proposed to make no change on the existing RSRQ and RSSI definition.
3 
Conclusion
In this contribution, further observations on the new RSRQ system level simulation results and issues brought by the new RSRQ definition are presented. Some observations can be summarized as:
Observation 1: In order to guarantee the target probability of event triggering, different thresholds are needed when different RSRQ used. It is not very meaningful to compare the different RSRQ definitions when a single threshold is shared.
Observation 2: New RSRQ is inherently more sensitive to the cell loading than old RSRQ. This makes the network very challenge to achieve the target probability of event triggering, considering the neighbor cell loading is typically unknown by the serving cell.
Observation 3: When different releases of network co-exist, multiple RSRQ definitions may introduce some measurement ambiguity and negatively impact the network performance.
Observation 4: ACI will impact RSRQ measurement accuracy more if RSRQ is computing over multiple OFDM symbols in time domain.
Observation 5: No need to introduce new RSRQ and corresponding high layer signaling to specify “new or old” RSRQ method.
And based on the analysis above, it is proposed:

Proposal 1: It is proposed to make no change on the existing RSRQ and RSSI definition
4 References

[1] R4-135673, “Way forward on RSRQ definition”, Intel, Qualcomm, TSG RAN4 #68b, October, 2013
[2] R4-134995, “Discussion on RSRQ definition”, Intel, TSG RAN4 #68b, October, 2013
[3] R4-140731, “RSRQ System Simulation Results with RSSI Measurements in all Symbols”, Ericsson, TSG RAN4 #70, February, 2014

[4] R4-140612, “Discussion on RSRQ definition”, Intel, TSG RAN4 #70, February, 2014

[5] R4-141049, “RSRQ Definition”, Qualcomm, TSG RAN4 #70, February, 2014

[6] R4-140915, “System Level Analysis of a change in RSRQ definition”, Nokia, TSG RAN4 #70, February, 2014

[7] R4-14xxxx, “RAN4#70 Meeting report”, TSG RAN4 #70, February, 2014

[8] 3GPP TS 36.331 v10.10.0: "Evolved Universal Terrestrial Radio Access (E-UTRA):RRC”
[9] 3GPP TS 36.214 v10.10.0: "Evolved Universal Terrestrial Radio Access (E-UTRA):Physical measurement "
[10] 3GPP TS 36.133 v10.10.0: "Evolved Universal Terrestrial Radio Access (E-UTRA): Requirements for support of radio resource management "
[11] R1-060144, “UE Power Management for E-UTRA”, Motorola, TSG-RAN WG1 LTE Ad hoc, Jan.2006

[12] R1-111123, “RSRQ Measurement with ABS”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, CHTTL, TSG-RAN WG1 #64, Feb. 2011
_1456645867.vsd
A2_th_old


A2_th_new


Probabilities to trigger A2 can be same if the proper thresholds for new and old RSRQ respecitvely



_1456656989.vsd
Dynamic range 
of  old RSRQ


Dynamic range of 
 new RSRQ



_1456818532.vsd
Adjacent channel interference(ACI)



_1456331970.vsd
A3_
offset


“RSRQ offset by two different definitions” >a3_offset , HO is triggered


“RSRQ offset by same RSRQ definition”  < a3_offset , HO is not triggered


Serving cell RSRQ
 by old definition


Neighbor cell RSRQ
 by new definition



