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1. Introduction 

In RAN4 #51bis, RAN2 requested RAN4 to consider solutions for the paging outage problem caused by non-allowed CSG cells on a shared frequency. In RAN4 #52bis, a performance evaluation framework was proposed and multiple solutions were evaluated accordingly [1, 2]. Simulation results suggest that RSRP is not suitable as the only measurement trigger in mixed macro, CSG or pico deployments, where an SINR based metric should be used for measurement and reselection trigger. The open issues and views on Rel 9 idle state mobility enhancement were summarized in [3], where multiple SINR metrics and CSG reselection triggers were proposed. In this contribution, additional performance evaluation is presented under time varying intra-cell loading for two SINR based triggers (RSRQ and wideband CQI). We also evaluated the performance of a where RSRQ is used for Sintrasearch, and CSG cell ranking is used to for baring a frequency.
2. Discussion
The issue of idle mode reselection problem in the presence of CSG cells has been extensively discussed, which will not be repeated in this contribution. In Rel 9, enhanced idle state mobility design is being discussed. The following table summarizes three candidate solutions for Rel 9 enhancements.

Table 1 Solutions for non-allowed CSG cell handling
	
	Snonintrasearch
	Suitability criterion

	RSRQ + RSRQ
	RSRQ
	RSRQ based. Threshserving,low is 3 dB lower than Snonintrasearch. Optimization: De-prioritize or bar the frequency for X seconds.

	RSRQ + CSG ranking
	RSRQ
	If a non-allowed CSG is ranked highest according to RSRP on a frequency, bar the frequency for 300 seconds

	CQI + CQI
	Wideband CQI
	Wideband CQI based.  Threshserving,low is 3 dB lower than Snonintrasearch. Optimization: De-prioritize or bar the frequency for X seconds.


The RSRQ + RSRQ is a generic solution to idle state mobility issues with SINR based metrics for both measurement and reselection. The RSRQ + CSG ranking scheme is a solution tailored toward CSG case, which keeps a UE off a frequency whenever a non-allowed CSG cell is ranked the highest. The CQI + CQI scheme is similar to the RSRQ + RSRQ scheme with the wideband CQI being used as the SINR metric.
The performance criteria defined in [2] are used to evaluate the idle state performance of the candidate solutions:

a. Paging outage. A paging outage ratio α is defined as the fraction of time that a UE experiences SNR below the PDCCH threshold, say -10 dB.

b. High priority frequency (HPF) unavailability. A HPF unavailability ratio β is defined as the total fraction of time that a UE could not be served on HPF either due to paging outage or reselection to lower priority frequency.

c. Number of unnecessary searches. This metric is related to Sintrasearch and battery consumption requirements [9]. An unnecessary search ratio γ is defined as the ratio of the number of unnecessary searches to the number of wakeups. γ = 1 implies that a UE is required to perform an unnecessary intra-frequency search in every DRX wakeup cycle.  γ = 0 implies that either a UE is never required to perform search or every search performed by this UE leads to a reselection. 

d. Number of inter-frequency reselections. Unnecessary reselection could lead to excessive network loading.

e. Complexity. The complexity of UE implementation of a particular scheme should be evaluated when compared with schemes of similar performance.

3. Simulation Results
A dense urban model with mixed macro and CSG cells is simulated in this contribution. The details of the model are included in the Appendix. Note only the macro UE performance is evaluated. 
The HeNB loading is assumed to be 10%, which corresponds to 2.4 hour of active downloading per day. In all cases, neighboring macro cell loading is assumed to be 50%, while the serving cell loading is time varying. The evaluation of serving-cell loading is used to address concerns on the reliability of RSRQ measurement.

Time varying load at the serving cell is modelled as IID random events. Given a DRX cycle of 1.28 second, it would be reasonable to assume that the serving cell loading is uncorrelated for different measurement periods. In the case of 50% load, at each wakeup, the serving cell is either fully loaded or completely unloaded with 50% probability.
In the following studies, a baring time of 300 seconds is used in all cases. Sensitivity studies on the baring time could be found in [2].

3.1. Full serving cell load
In the case of full serving cell load, the RSRQ and CQI (C/I) approach are expected to fairly similar with some offset in the absolute threshold. The RSRQ based algorithm assumes that Snonintrasearch is -21 dB and Threshserving,low is -24 dB. The C/I based approach assumes that Snonintrasearch is -10 dB and Threshserving,low is -13 dB. These thresholds are chosen to optimize the 10% outage performance for both paging outage and HPF outage. 
Note that the RSRQ range in Rel 8 spec is defined as: < -19.5, -19.5 to -19, …., -3.5 to -3, > -3 dB. The minimum threshold of -19.5 corresponds to -8 dB SINR in the case of full loading. In this simulation, the paging channel is assumed to be in outage when SINR is less than -10 dB, which is inline with the Qout threshold for connected state RLF. As a result, the optimal RSRQ thresholds for measurement and reselection are out of the range of current RSRQ quantization. Whether or not the RSRQ range needs to be revisited is FFS.

In Figures 1, 2 and 3 the RSRQ and C/I based approaches are compared for full serving cell load according to the paging/HPF outage, number of selections and fraction of searches upon wake up.
Figure 1 shows that the paging and HPF outage performance of the two types of SINR metrics are very similar. If outage is defined at 10% point, the paging outage UEs are less than 3% and HPF outage UEs are less than 20% in both cases. 

Figure 2 and 3 shows the number of searches and the fraction of searches upon wake up. The two approaches show very close performance in both reselection and search statistics. C/I based approach is shown to yield slightly fewer reselections and searches.
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Figure 1 Distribution of paging outage (α) and HPF outage (β) for full serving cell load
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Figure 2 Distribution of the number of reselections for full serving cell load
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Figure 3 Distribution of the fraction of search for full serving cell load
3.2. Time varying serving cell load
In the case of time varying serving cell load, the RSRQ metric is expected to vary with the serving cell load. Since RSSI captures the serving cell load, RSRQ decreases with an increase in serving cell load and increases with a decrease in serving cell load.
It should be noted that in the idle state paging reliability is the key performance metric, which could be satisfied at relatively low SINR. The required SINR for reasonable paging performance is similar to the RLF thresholds Qout and Q​in, which are on the order -11 to -6 dB. At -10 dB C/I, the contribution of serving cell transmit power to RSSI is only 10%. This implies that the RSRQ variation due to intra cell loading change would be less than 0.5 dB. 
Figure 4 shows that the paging and HPF outage performance of the two types of SINR metrics are also very similar in the case of time varying loading. If outage is defined at 10% point, the paging outage UEs are less than 3% and HPF outage UEs are less than 20% in both cases. 

Figures 5 and 6 show statistics on the searches and the fraction of searches upon wake up. The RSRQ and CQI based schemes are shown to have similar performance. C/I based approach shows slightly fewer reselections and searches.
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Figure 4 Distribution of paging outage (α) and HPF outage (β) for time varying serving cell load
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Figure 5 Distribution of the number of reselections for full serving cell load
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Figure 6 Distribution of the fraction of search for full serving cell load
3.3. RSRQ + CSG ranking
In this section, we examine the performance of the RSRQ + CSG ranking scheme. This is a solution designed only for the CSG case. The Snonintrasearch threshold is based on RSRQ, which will trigger measurements at low SINR. A frequency is barred for 300 seconds if a non-allowed CSG cell is ranked the highest. 

In Figure 1, the paging outage and HPF outage statistics are shown for full serving cell loading and 50% time varying serving cell loading. Note that the CDF for the two cases are right on top of each other. This is due to the fact that RSRQ is insensitive to serving cell load at low SINR. Another artifact of the simulation is that same random seed is used for both cases, hence exactly the same fading statistics are collected.
In terms of absolute performance, little difference has been observed between this scheme and RSRQ + RSRQ scheme with the same Snonintrasearch threshold.

In Figures 2 and 3, the number of selection and fraction of search statistics are shown. Similarly, there is very little difference between the constant loading and 50% time varying loading cases.
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Figure 7 Distribution of paging outage (α) and HPF outage (β) for time varying serving cell load
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Figure 8 Distribution of the number of reselections for full serving cell load
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Figure 9 Distribution of the fraction of search for full serving cell load
4. Conclusions

In this contribution we provided simulation results for different idle state cell reselection schemes. It was shown that the CQI based approach and the RSRQ based approach provides very similar performance under time varying loading. The basic explanation is that RSRQ is insensitive to serving cell loading variation at low SINR. Given the low complexity of computing RSRQ, it is recommended that RSRQ to be used as the SINR metric in Rel 9 idle state measurements. It was also shown that RSRQ + CSG ranking algorithm provided similar performance as the SINR based approaches for the co-channel CSG scenarios. Additional analysis on the open issues for Rel 9 idle state mobility enhancements could be found in [4].
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5. Appendix
In this contribution we consider a dense-urban model that was used for HNB studies in [4]. The dense-urban model corresponds to densely-populated areas where there are multi-floor apartment buildings with smaller size apartment units.  In the dense-urban model, blocks of apartments are dropped into the three center cells of a macro cell layout with ISD of 1 km. Each block is 50mx50m and consists of two buildings (north and south) and a horizontal street between them as shown in Figure 1. The width of the street is 10 meters. Each building has K floors. K is chosen randomly between 2 and 6. In each floor, there are 10 apartment units in two rows of five. Each apartment is 10mx10m (i.e., approximately 1076 square feet) and has a one-meter-wide balcony. The minimum separation between two adjacent blocks is 10m. The probability that a HUE is in the balcony is assumed to be 10%. We drop 2000 apartment units in each cell which corresponds to a 6928 households per square kilometer. This represents a dense-urban area. Taking into account various factors such as wireless penetration (80%), operator penetration (30%) and HeNB penetration (20%), we assume a 4.8% HeNB penetration which means 96 of the 2000 apartments in each cell have a HNB installed from the same operator. We assume 12 simultaneously active HUEs per cell to calculate the throughput. 

MUEs are also dropped randomly into the three center cells of the 57-cell macro layout such that 30% of the MUEs are indoor. In addition, we enforce a minimum path loss of 38 dB between UEs and HeNBs (i.e., one-meter separation). In the dense-urban model, we use the 3GPP micro-urban model for the outdoor path loss computation. The free-space component for the micro-urban model is given by
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The other propagation models are similar to the ones in [1].

The set of simulation parameters are shown below:

· Macro Power = 43dBm
· System bandwidth 5 MHz
· HeNB power between [-10 dBm, 10 dBm].

· Case 1, the HeNB power is fixed to 8 dBm

· Case 2, the adaptive HeNB power setting is used to reduce the MUE outage
· ISD of 1km

· Noise power = -99dBm

· 2 drops of 30 simultaneously active MUEs in each drop.

· Simulation duration 32 minutes

· DRX cycle 1.28 second

· Channel model: EPA5

· Number of Rx antennas: 2
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Figure 10 Top view of the apartment block in dense-urban model
We assume that there are two frequencies with collocated cells, where the higher priority frequency is the shared frequency and the lower priority frequency is a macro only frequency. It was also assumed that the lower priority frequency is in the same band, such that the macro cell RF conditions are identical on both frequencies except for fast fading.

In order to understand the impact of different solutions, we evaluate three cases under the 5% penetration rate scenario. First we evaluate the baseline performance of macro only deployment with no HeNB. Then we evaluate the performance of the worst case scenario, where all HeNBs are fully loaded. Finally, we evaluate the partial loading performance where HeNBs are assumed to be active for only 10% of the time. The HeNB activity is based on the assumption of 2.4 hour of active downloading per day with a typical data rate of 5.6 Mbps [3]. We expect typical HeNB DL PDSCH activity to be less than 10% in the near future. In this case, the effect of idling HeNBs is captured with CRS interference. Since PDCCH decoding performance varies in asynchronous and synchronous deployment, asynchronous network is assumed for a baseline FDD deployment. 
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