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1. Introduction 

In RAN4 #51bis, RAN2 requests RAN4 to consider solutions for the paging outage problem caused by non-allowed CSG cells on a shared frequency. In RAN4 #52, the group agreed that there is indeed an idle state performance issue in current E-UTRAN spec, but no action should be taken in Rel 8 due to time and other constraints. Instead, a technical solution will be provided in Rel 9 [1]. In this contribution, we evaluated multiple solutions according to the framework proposed in [2].
In Section 2, we discuss the candidate solutions to the problem, the performance criteria. In Section 3, we describe the simulation setup. In Section 4, we provide detailed comparison of the candidate schemes in terms of paging outage, high priority frequency unavailability, battery life and registration loading. In order to understand the impact of different solutions, we evaluate three cases under the 5% HeNB penetration rate scenario. First we evaluate the baseline performance before HeNB is deployed. Then we evaluate the performance of worst case scenario, where all HeNBs are fully loaded. Finally, we evaluate the performance where HeNBs are assumed to be actively for only 10% of the time. We also evaluate the sensitivity of the RSRQ based solution to baring time. In Section 5, we conclude the contribution with a summary of the pros and cons of different schemes.
2. Discussion
The issue of idle mode reselection problem in the presence of CSG cells had been extensively discussed, which will not be repeated here except for mentioning that in frequency reuse-1 systems, absolute received signal level doesn’t give much information about SNR, especially in the case of restricted association cases where the UE cannot reselect to the best DL cell.  

The solutions considered in this contribution are listed in Table 1.
Table 1 Solutions for non-allowed CSG cell handling
	
	Sintrasearch
	Suitability criterion

	Rel 8
	RSRP
	RSRP, ignore non-allowed CSG cells.

	S1. RSRQ [4,5]
	RSRQ
	RSRQ, same threshold is used for intra-search and suitability. De-prioritize  the frequency for X seconds.

	S2. Bar the frequency [6,7]
	RSRP
	If a non-allowed CSG is ranked the highest, bar the frequency for 300 seconds

	S3. RSRP + Delta [8]
	RSRP
	If a non-allowed CSG is Delta dB higher than the serving cell, bar the frequency for 300 seconds.


In all the solutions, the UE is assumed to conserve battery life by not searching other cells until Sintrasearch is triggered. In the rest of the contribution, we provide detailed comparison of S1 and S3, where “Rel 8” and S2 are evaluated as special cases of S3. Note that S2 is a special case of S3, where Delta (non-allowed CSG and serving cell RSRP difference) is set to 0. Rel-8 is a special case of S3 where RSRP is set to a low value such that intra-frequency search is not triggered. Note that in the case of S1 the same RSRQ threshold is assumed for Sintrasearch and suitability criterion. 
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 setup
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 1 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. 
4. Simulation Results
Macro only deployment
The following results assume the HUE and MUE layout described in the previous section, however, all HeNB are assumed to be turned off. This scenario is used to calibrate the performance upper bound for the non-allowed CSG case. 
Figure 2 shows the paging outage (α) and HPF unavailability (β) CDF for the RSRQ solution (S1) with 300 second frequency deprioritization. Note that the HPF outage/unavailability increases as RSRQ threshold increases. Since the same threshold is used for Sintrasearch and suitability, a higher RSRQ threshold triggers more UE search and more UE reselection to lower priority frequency. It is shown that with an RSRQ threshold of -24 dB, 91% of MUEs could achieve a β <10%.
The fraction of UEs with paging outage α < 10% is shown to remain at 97% regardless of the RSRQ thresholds. This is due to the fact that the lower priority frequency with collocated cell has identical RF condition except for the fast fading. In this case, reselecting to a lower priority frequency does not improve the paging performance.
Figure 3 shows the CDF of the number of reselections with the RSRQ (S1) solution. It is shown that with a RSRQ threshold of -24 dB, 92% of UEs have 0 reselection and 5% of UEs have 3 or more reselections in 32 minutes.
Note that the unnecessary reselection ratio γ = 0 in S1 since the same threshold is used for search and suitability.

Based on these results, an appropriate setting for RSRQ should be less than equal to -24 dB in a macro only deployment. The α, β, γ and number of reselection statistics also establishes an upper bound of performance for non-allowed CSG scenarios.
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Figure 2 Distribution of paging outage (α) and HPF outage (β) for the RSRQ solution (S1) in macro only deployment
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Figure 3 Distribution of number of reslections for the RSRQ solution (S1) in macro only deployment
HeNB full loading

The following results assume constant 100% loading for both the macro cells and HeNBs. Figure 4 shows the paging outage (α) and HPF unavailability (β) CDF for the RSRQ solution (S1) with 300 second frequency deprioritization. It is shown that with an RSRQ threshold of -24 dB, 97% of MUEs could achieve paging outage α <10%, and 55% of MUE could achieve HPF outage β < 10%.

Figure 5 shows the paging outage (α) and HPF unavailability (β) CDF for the RSRP+Delta solution (S3) with 300 second barring. It is shown that with an RSRP threshold of -105 dBm, 95% of MUEs could achieve paging outage α <10%, and 39% of MUE could achieve HPF outage β < 10%.
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Figure 4 Distribution of paging outage (α) and HPF outage (β) for the RSRQ solution (S1) in the CSG full loading  scenario
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Figure 5 Distribution of paging outage (α) and HPF outage (β) for the RSRP + Delta solution (S3) in the CSG full loading  scenario

Figure 6 and 7 show the CDF of number of reselections with RSRQ and RSRQP+Delta solutions. It is shown that with a RSRQ threshold of -24 dB, 55% of UEs have 0 reselection and 38% of UEs have 3 or more reselections in 32 minutes. It was also shown that with an RSRP threshold setting of -105 dBm, 39% of UEs have 0 reselection and 22% of UEs have 3 or more reselection in 32 minutes.
Figure 8 shows the CDF of the unnecessary search ratio γ for RSRP+Delta solution. It is noted that 15% of UEs have γ=1 and 30% of UEs have more than γ > 0.5. Note that the unnecessary reselection ratio γ is 0 with the RSRQ technique since the same threshold is used for search and suitability. 
In summary, under full loading the RSRQ solution provides slightly better paging outage with 16% less HPF outage, comparable reselection statistics, while the RSRP+Delta solution leads to more than 30% of UEs performing unnecessary search for more than 50% of the DRX wakeups.
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Figure 6 Distribution of number of reslections for the RSRQ solution (S1) in the CSG full loading  scenario
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Figure 7 Distribution of number of reslections for the RSRP + Delta solution (S3) in the CSG full loading  scenario
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Figure 8 Distribution of unnecessary search ratio (γ) for the RSRP + Delta solution (S3) in the CSG full loading  scenario
HeNB 10% activity

The following results assume only 10% of HeNB are actively transmitting PDSCH for HeNBs while the macro eNBs are fully loaded. 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. The CRS interference from inactive HeNBs are modelled with a probabilistic model under the assumption of asynchronous network. The impact on RSSI measurement and PDCCH decoding are modelled accordingly.

Figure 9 shows the paging outage (α) and HPF unavailability (β) CDF for the RSRQ solution (S3) with 300 second frequency deprioritization. It is shown that with an RSRQ threshold of -24 dB, 97% of MUEs could achieve paging outage α <10%, and 74% of MUE could achieve HPF outage β < 10%.

Figure 10 shows the paging outage (α) and HPF unavailability (β) CDF for the RSRP+Delta solution (S3) with 300 second barring. It is shown that with an RSRP threshold of -105 dBm, 96% of MUEs could achieve paging outage α <10%, and 39% of MUE could achieve HPF outage β < 10%. The HPF outage statistics are identical to the full loading case since RSRP based solution does not take loading into account.
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Figure 9 Distribution of paging outage (α) and HPF outage (β) for the RSRQ solution (S1) in the 10% CSG loading  scenario
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Figure 10 Distribution of paging outage (α) and HPF outage (β) for the RSRP + Delta solution (S3) in the 10% CSG loading  scenario

Figure 11 and 12 show the CDF of number of reselections with RSRQ and RSRQP+Delta solutions. It is shown that with a RSRQ threshold of -24 dB, 74% of UEs have 0 reselection and 20% of UEs have 3 or more reselections in 32 minutes. It was also shown that with an RSRP threshold setting of -105 dBm, 39% of UEs have 0 reselection and 21% of UEs have 3 or more reselection in 32 minutes.

Figure 13 shows the CDF of the unnecessary search ratio γ for RSRP+Delta solution. It is noted that 15% of UEs have γ=1 and 30% of UEs have more than γ > 0.5. Note that the unnecessary reselection ratio γ is 0 with the RSRQ technique since the same threshold is used for search and suitability. 

In summary, under 10% loading the RSRQ solution provides slightly better paging outage with 35% less HPF outage and fewer reselections, while the RSRP+Delta solution leads to more than 30% of UEs performing unnecessary search for more than 50% of the DRX wakeups. It should also be noted that the performance of RSRQ solution improves significantly as HeNB activity decreases, while RSRP+Delta solution does not benefit from HeNB load reduction due to static suitability and intra-search thresholds.
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Figure 11 Distribution of number of reslections for the RSRQ solution (S1) in the 10% CSG loading scenario
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Figure 12 Distribution of number of reslections for the RSRP + Delta solution (S3) in the 10% CSG loading scenario
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Figure 13 Distribution of unnecessary search ratio (γ) for the RSRP + Delta solution (S3) in the 10% CSG loading  scenario
Sensitivity to barring/deprioritization time

A 300 seconds timer is assumed for frequency barring/deprioritization in the performance evaluation provided above. In Figure 14, the paging outage and HPF outage statistics for RSRQ solution with -24 dB setting and 100% HeNB activity are compared for different timer duration. It is noted that a smaller timer such as 100 seconds, could save 5% of UEs from reaching the 10% HPF outage point compared to that of the 300 second timer. On the other than, 100 seconds timer also leads to about 2% more UEs with 10% paging outage.
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Figure 14 Distribution of paging outage (α) and HPF outage (β) for the RSRQ solution (S1) in the 100% CSG loading  scenario
5. Conclusions

In this contribution we provided performance analysis for non-allowed CSG cell solutions. We evaluated macro only, 100% HeNB loading and 10% HeNB loading scenarios. The HeNB 10% loading 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. The performance results for the candidate schemes could be summarized in Table 2.

Table 2 Evaluation of solutions for non-allowed CSG cell handling
	
	Paging outage
	HPF outage / unavialbility
	Number of reselection
	Unnecessary search
	Complexity

	Rel 8
	Significant outage with HeNB deployment
	Same as paging outage
	Small
	None
	Low

	S1. RSRQ
	Could ensure 96% coverage* with proper threshold setting 
	55% and 74% coverage* at 100% and 10% loading, respectively
	Moderate, proportional to HeNB loading
	None
	Low

	S3. RSRP + Delta
	Could ensure 95% coverage* with proper threshold setting 
	39% of coverage* regardless of loading
	Moderate, constant regardless of loading
	30% of UEs search for > 50% of wakeups.
	Low


* Coverage defined as < 10% outage.
Note that the partial loading studies in this contribution do not include bursty traffic performance. Simulations of time varying traffic were shown in [5], where similar but less comprehensive results were obtained. Based on the analysis above, we recommend the group o adopt the following proposal in Rel 9:

Proposal 1: Use RSRQ for Sintrasearch
Proposal 2: Use RSRQ for suitability criterion

Proposal 3: Frequency deprioritization for 100 to 300 seconds based on RSRQ
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