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1. Introduction 

The idle state mobility enhancement for Rel 9 was discussed in RAN4 #52bis [1,2,3,4]. In [1], five performance criteria were proposed for comparing different technical proposals. In [5], the open issues and views were summarized to facilitate consensus building within the group. In this contribution, we discuss the pros and cons of different options and propose the preferred options.
2. Discussion
A set of criteria were proposed in [1] for idle state performance evaluation: paging outage probability, probability of high priority frequency unavailability, number of unnecessary searches, number of inter-frequency reselections and complexity. In the rest of this section, we discuss the open issues associated with various schemes and their performances.

2.1. Measurement trigger

Consider a shared frequency deployment, where a mix of macro and CSG cells are deployed on a high priority frequency. We also assume there exists a lower priority frequency where another LTE or inter-RAT system is collocated with the macro cells. A summary of three cell reselection algorithms is shown in Table 1 [2]. Note that solution “S1.RSRQ” denotes a solution where both the measurement trigger and reselection trigger are based on absolute RSRQ threshold. Additional baring (deprioritization) time was used to prevent frequent inter-frequency reselection. Solution “S3.RSRP+Delta” denotes a solution where the measurement trigger is based on RSRP and the reselection trigger is based on RSRP ranking. When a CSG cell RSRP is Delta dB higher than the RSRP, the frequency is bared for 300 seconds. 
Table 1 shows that the baseline Rel 8 solution suffers from significant paging outage. RSRQ based measurement and reselection algorithm offers robust paging performance, low high priority frequency outage, moderate number of reselection, no unnecessary search (battery saving) and low complexity. On the other hand, the RSRP+Delta solution could provide similar paging realiability at the cost of increased HPF unavailability and large number of unnecessary search.  The fundamental issue with RSRP based measurement is that this metric does not reflect DL SINR in heterogeneous deployments with nodes of different Tx power. In order to trigger measurement, a high RSRP threshold is required, which leads to high battery consumption due to unnecessary search. In addition, RSRP does not capture the interference load variation, which triggers unnecessary search when an interfering CSG cell is idle.
Proposal 1: RSRP based measurement trigger should not be used as the only measurement trigger. SINR based measurement trigger is necessary for heterogeneous deployments.
Table 1 Evaluation of solutions for non-allowed CSG cell handling with 100% intra cell loading
	
	Paging outage
	HPF outage / unavailability
	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% CSG 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.

2.2. SINR metric

Additional performance evaluation is necessary to compare the RSRQ based and the wideband CQI based SINR metric. It should be noted that in the idle state the paging reliability is a key performance metric, which could be satisfied at relatively low SINR. The required SINR is similar to the RLF thresholds Qout and Q​in, which are on the order -11 to -6 dB. At low SINR, the RSRQ is insensitive to intra-cell loading since RSSI is insensitive to intra-cell loading. Hence RSRQ is expected to perform reasonably well compared to the wideband CQI.
Simulations in [6] show that RSRQ based cell reselection algorithm has excellent performance with time varying intra-cell loading. Effectively the performance is identical to the non-time varying case, since the impact of intra-cell loading is < 1 dB at low SINR. Simulations of wideband CQI based approach yield very similar performance as the RSRQ based approach, with slightly smaller HPF unavailability. 
The slight benefit of wideband CQI based triggers comes at the cost of complexity and major implementation change. In order to measure wideband CQI, a UE is required to performance channel and interference estimation. In order to generate RSRP and RSRQ measurements, a UE is only required to measure reference signal power and OFDM symbol power, which is a much simpler operation. The feasibility of implementing wideband CQI for non-serving cell in idle mode would require further studies. In the case of serving cell, the channel and interference estimation operation is required to decode PDCCH at paging occasions, but it is not required for channel measurements.
Proposal 2: Wideband CQI provides marginal performance benefit compared to RSRQ at a higher complexity. RSRQ should be used as the SINR metric for measurement and reselection.
2.3. Thresh,x and Out-of-service criteria

RSRQ in conjunction with RSRP could be used for Threshx,high, Threshx,low, and Threshserving,low measurements. Simulations have shown that RSRQ based reselection provides robust inter-frequency reselection performance under CSG deployments [2, 6]. 
If RSRP is used for Thresh,x parameters, UE will reselect and register with a high RSRP frequency that could be potentially in outage. This creates unnecessary reselection and registration load. CSG ranking based solution also has the issue that it only works for co-channel
Out-of-service definition should be updated with RSRQ. A UE could have high RSRP and yet undergo DL paging outage similar to RLF in the connected states. RSRQ could be used in the out-of-service definition in order to reflect the true UE performance.
When Thresh,x parameters based on RSRQ are introduced into the cell reselection procedures, these parameters have to be signaled to the UE. For E-UTRAN, this should be done by modifying the SIBs that carry the parameters, through ASN.1 extension mechanisms. For UTRAN and GERAN, it may not be desirable to modify the SIBs, and hence a default value of RSRQ level for Thresh,x parameters should be used.
Proposal 3: RSRQ should be included in Threshx, high, Threshx, low Threshserving,low and out-of-service criteria. For UTRAN and GERAN, a default value of RSRQ level for Thresh,x parameters should be used.
3. Conclusions

In this contribution, we evaluated multiple enhancements for Rel 9 idle state mobility. Based on quantitative and qualitative analysis, following proposals are made:

Proposal 1: RSRP based measurement trigger should not be used as the only measurement trigger. SINR based measurement trigger is necessary for heterogeneous deployments.
Proposal 2: Wideband CQI provides marginal performance benefit compared to RSRQ at cost of a higher complexity. RSRQ should be used as the SINR metric for measurement and reselection.

Proposal 3: Proposal 3: RSRQ should be included in Threshx, high, Threshx, low, Threshserving,low,  and out-of-service criteria. For UTRAN and GERAN, a default value of RSRQ level for Thresh,x parameters should be used.
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