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1. Background
Two scenarios where RSRQ (even when it is when defined as a wideband measurement) is problematic were described in [1]. Simulation results characterizing the extent of the problem were provided.
Scenario 1. Large macro-cell load variations will result in an RSRQ threshold configured conservatively (i.e., to a low value) – this may lead to significant portion of paging outage being undetected.
Scenario 2. When HeNBs are deployed on a partial BW (eg. 5 MHz HeNB in a 10/20 MHz band with macro cell overlay), RSRQ of macro cell (even it is when defined as a wideband measurement) is not a good measure of paging reliability due to HeNB narrow band interference component. 
The fraction of UEs that are impacted by Scenario 1 as observed in simulations depends on the HeNB density simulated. For example, if only a few HeNBs are dropped in a sector (e.g. 10 HeNBs per sector), the percentage of UEs affected by macro-cell load variations is small when RSRQ metric is used. However, the answer can be completely different if a high density HeNB deployment is simulated. In order to avoid this artifact and make the results independent of the HeNB density assumed in the simulations, an approach different from the uniform drop model was used in [1]. In [1], UEs were dropped only in the reselection region of HeNBs such that the macro-eNB RSRP is within -6 to +6 dB of HeNB RSRP. Although, uniform UE drop model is well suited for calculation of per-UE throughput, spectral efficiency, etc., in connected mode, it is not well suited for studying the idle mode issues. For example, suppose that a user with a UE that is camped on a macro-eNB walks on a street with a row of houses with CSG HeNBs. In this scenario, it is likely that the user is within the interference range of CSG HeNBs for a long period of time either triggering a reselection when not required and ping-ponging or suffering a large high priority frequency outage. A uniform drop model for UEs clearly does not model such cases in a discernable way. In order that such cases are properly characterized in the characterizing paging outage rate and the impact on battery drain (i.e., number of ping-pongs), drops that model this UE geometry (e.g., -6 dB to +6 dB reselection range) is more suitable for studying idle mode issues. When such a drop was used [1], it was observed that the number of unnecessary reselections depends on the serving cell-load. It was observed that a single threshold does not work well for different load levels in achieving a good trade-off between paging outage and the number of unnecessary reselections.
With regard to Scenario 2 (i.e., partial BW HeNB case), it was shown in [1] that wideband RSRQ is not a suitable metric as it triggers unnecessary reselections even when the paging quality is quite good.  
Carrier partitioning is a very important HeNB deployment scenario [2][3][4]. The partitioning approach a network operator may choose to use can either be 
· fixed (i.e., fixed carrier partitioning) or 
· adaptive (i.e., adaptive carrier partitioning). 
There seems to be a general agreement that RSRQ does not properly address these cases.
RSRQ has been a well studied metric and a preference for adopting it in Rel-9 (in lieu of a wideband CQI or a PDCCH BLER-based method) has been expressed by many participants of the discussion. However, because of the problems identified (in particular, Scenario 2), there is risk that RSRQ might be rendered useless in co-channel HeNB deployments. In order to address the problems associated with RSRQ, a way forward is proposed in this contribution by the introduction of some restrictions on how RSRQ is measured. 

2. Proposal for a way forward
The bandwidth used for RSSI measurement as part of RSRQ computation would need to be restricted in order to address Scenario 2 (i.e., partial BW HeNB case). This can be achieved with the following steps.

[Step 1] The macro-eNB downlink BW is first segmented into N segments as shown in Fig. 1. (Clearly, N = 1 corresponds to no segmentation). Suppose that N = 2.
[Step 2] Measure RSSI independently on the two different segments. RSSI is measured separately for segment S1 and segment S2. Denote the measured RSSI on the two segments by RSSI1 and RSSI2, respectively.

[Step 3] Calculate RSRQ1 = RSRP/RSSI1 and RSRQ2 = RSRP/RSSI2.

[Step 4] Define RSRQ = max{RSRQ1, RSRQ2}.
[Step 5] If RSRQ < threshold, then trigger reselection evaluation (where the threshold can be Sintrasearch, Snonintrasearch, Thres,x,serving, etc.)
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Figure 1. DL BW is segmented into segments (N = 1, 2, 3 shown here).

The choice of “max” operation in Step 4 is well suited to detect the event that the wideband RSRQ is low but paging quality is still very good (e.g., the interference is high on one of the segments while the signal quality is good in the rest of the BW). This approach is applicable to the adaptive carrier partitioning case where HeNBs are allowed to configure themselves on one of the available segments in an autonomous fashion (e.g., based on ambient RF interference) or when the network configures different HeNBs on different segments based on their geo-location. This is the case where it is not known a priori which of segments has high interference from a HeNB as the UE is in idle mode.
However, many network deployments may use fixed frequency reuse where the operator would choose to configure all HeNBs on a pre-determined segment (eg. S1 always). In this case, it would be desirable for the eNB to instruct the UE to exclude some segments in RSSI computation. In order to incorporate this possibility, the steps 4 and 5 above can be modified as follows.

[Step 1'] The macro-eNB downlink BW is first segmented into N segments as shown in Fig. 1. (Clearly, N = 1 refers to no segmentation). Suppose that N = 2.
[Step 2'] Measure RSSI independently on the different segments. RSSI is measured separately for segment S1 and segment S2. Denote the measured RSSI on the two segments by RSSI1 and RSSI2, respectively.

[Step 3'] Calculate RSRQ1 = RSRP/RSSI1 and RSRQ2 = RSRP/RSSI2.

[Step 4'] Compute RSRQ as follows.

· If serving eNB has configured the UE to use the “max” approach, set RSRQ = max{RSRQ1, RSRQ2}.
· If serving eNB has configured the UE to exclude one of the segments, say, S1, in its measurements, then set RSRQ = RSRQ2.
[Step 5'] If RSRQ < threshold, then trigger reselection evaluation (where the threshold can be Sintrasearch, Snonintrasearch, Thres,x,serving, etc.)
3. Discussion
The following observations can be made.
· N = 1 corresponds to no segmentation. The RSRQ measurement in this case is the same as wideband RSRQ measurement.

· Each segment should have at least 6 PRBs (i.e., at least 1.08 MHz).

· Since the eNB has the option of configuring the UE to either use the max approach or to exclude one of the segments from its measurement, it solves the Scenario 2 problem identified for RSRQ in both of the following cases:

· adaptive carrier partitioning
· fixed carrier partitioning 
· Arbitrary values for N should not be allowed in order to keep the UE complexity low. Since 20 MHz is the maximum deployable BW in Rel-9 and 5 MHz for HeNBs is the typical case, N = 4 seems to be a reasonable upper limit on N. So, the range 1 <= N <= 4 seems to be sufficient. However, the exact range can be FFS.  

· A large population of Rel-8 UEs would measure RSRQ on 6 PRBs in connected mode. If wideband RSRQ is introduced in Rel-9, an implementation change would be necessary for such UEs to be able to do perform wideband RSRP and RSSI measurements. Compared to the change that is already required in such a case, it is expected that there would be no (or very small) complexity increase if the RSSI measurements have to made independently on different segments.
· It would be desirable for macro-eNBs to configure segments for RSRQ only when partial BW HeNBs are deployed on that carrier. Otherwise, wideband RSRQ (N = 1) would seem to be preferable.

· If RSRQ is used for neighbor cell ranking, either wideband RSRQ or RSRQ measured over the center 6 PRBs can be made use for cells on a different layer that has the same priority as the serving layer for ranking purposes. In the event that the serving eNB has information on the inter-frequency layer (e.g. DL BW, whether or not partial BW HeNBs are present on that layer, etc.), it can instruct the UE to use similar bandwidth restrictions on RSRQ for the inter-frequency layer. However, since it cannot be assumed there is neighbor cell information always, it is desirable to perform RSRQ measurements on the center 6 PRBs.  
4. Conclusions
Two major problems have been identified with RSRQ as an SIR metric for idle mode reselection. In order to address one of the issues (partial BW HeNB case), some restrictions were proposed to the RSRQ measurements. It is proposed that “restricted RSRQ” be used in place of wideband RSRQ in idle mode enhancements in Rel-9.
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