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1
Introduction
R9 cell reselection enhancements were discussed during RAN4 #52-bis meeting [1-7], and it was basically agreed that RSRQ should be utilized for the evaluation of Sintrasearch/Snonintrasearch to reduce UE power consumption in idle mode. It was, however, found that there were still some open issues and further studies would be needed to finalize the details of R9 cell reselection behaviors. The open issues and some interested parties’ veiws were summarized in [8]. 
In this contribution, we provide system simulation results and discuss how we should specify R9 cell reselection behaviors in the specifications.  
2
Discussions
2.1
Simulation methods
As discussed so far, cell reselection using RSRQ is the most important point in R9 cell reselection enhancements. The rationale of using RSRQ is that it could discover serious interference problems caused by non-allowed CSG cells and hot spot cells. One concern for RSRQ-based cell reselection is that it might cause unnecessary ping-pong behaviors because RSRQ would dynamically fluctuate due to cell load and inter-cell interference. In the evaluation of Out-of-service area, for example, RSRQ might cause ping-pong behaviors between in-service and out-of-service.
Therefore, it is quite important to verify how much such ping-pong behaviors would happen due to RSRQ or not, and whether such ping-pong behaviors could be mitigated by some means, such as hysteresis and something like time-to-trigger. In our studies, we measured the number of events, in which measurement values (RSRP/RSRQ) go down to lower than 5 percentile and 50 percentile values (thresholds) in order to evaluate such ping-pong behaviors. We also measured sojourn time in the state where the measurement values are lower than the thresholds in the evaluations. If the sojourn time is very small, i.e. 1.28 s or 2.56 s, it is considered that it is a ping-pong behavior, and if it is large, e.g. larger than 10 s, it is considered that it is an appropriate behavior due to mobility. It is noted that the 5 percentile and 50 percentile values are correspoinding to Out-of-service area/Threshserving, low/Threshx, high and Sintrasearch/Snonintrasearch, respectively.
In this contriubution, we present the simulaiton results based on three scenarios. One is only macro cell scenario, and the others are mixed carrier indoor cell scenarios, in which the indoor cell is an open cell (2nd scenario) and a non-allowed CSG cell (3rd scenario). In such mixed carrier indoor cell deployments, RSRQ would play a bigger role because there are much more interference problems than in only macro cell scenario. In the simulations, two different load conditions were used, 100% utilization and varing load with average 50% resource utilization
Other simulation parameters are listed in Annex A. In the simulations, there is 140 UEs and it was simulated one time for 3000 seconds. Statistics are gathered for all the UEs in the simulations. UE in each trial placed at random positions in the network and it moves at random directions with a fixed speed throughout the simulations. RSRP/RSRQ measurements are done every DRX cycle and the result is averaged with the last previous measurement. The filtering procedure is common through all simulations. UE always makes neighbor cell measurements, i.e. the measurement rule for Sintrasearch/Snonintrasearch is disabled.
2.2
Simulation results

Figures 1, 2 and 3 present the number of events, in which measurement values (RSRP/RSRQ) go down to lower than 5 percentile and 50 percentile values (thresholds) for the three scenarios, macro only, macro + indoor (open), macro + indoor (non-allowed CSG cell), respectively.
Findings from the results are summarized below:

· In almost all cases, the number of events for RSRQ is larger than those for RSRP. It clearly indicates that RSRQ would increase the number of ping-pong behaviors, compared to RSRP.

· It is noted that such behaviors could not be observed for the 5 percentile thresholds in Figure 3, because the macro cell downlink was heavily interfered by non-allowed CSG cella and the 5 percentile values for RSRQ are too small, i.e. -18.7 dB and -21.7 dB for 50% and 100% load, respectively.

· For 5 percentile threshold (corresponding to low Ior/Ioc regions), the number of events for 50%-load RSRQ is comparable to those for 100%-load RSRQ. It means that RSRQ would not depend on load conditions in the low geometry regions. 

· For 50 percentile threshold (corresponding to middle Ior/Ioc regions), the number of events for 50%-load RSRQ is larger than those for 100%-load RSRQ. It means that RSRQ would depend on load conditions in the middle geometry regions. 

· It implies that if the absolute threshold for RSRQ is set to relatively high, ping-pong behaviors between above and below the threshold would be increased, especially in not full load conditions.
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Figure 1 Macro cell only
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Figure 2 Macro cell + Indoor cell (open)
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Figure 3 Macro cell + Indoor cell (non-allowed CSG cell)

2.3
Analysis on Open issues
In this section, we provide our analysis on the open issues summarized in [8]. 

What kind of SIR-based metric should be used?
Technically speaking, wideband CQI or PDCCH BLER would be a better metric than RSRQ, because it is not affected by the serving cell load conditions, i.e. the former could reflect the actual radio link quality more accurately than the latter. In idle mode, however, simplicity would be more important, i.e. it should be avoided to unnecessarily increase UE complexity in idle mode. 
Furthermore, RSRQ would be almost the same as Ior/Ioc (Geometry factor) in the cell edge regions as shown in Figure 4 (discussed later). Since radio link quality measurements would be mainly required in low Ior/Ioc region, where inter-cell interference would be dominant, it could be easily concluded that RSRQ would be sufficient for the radio link quality measurements in R9 cell reselection enhancements.

Therefore, it is proposed that RSRQ should be used for the radio quality measurements in R9 cell reselection enhancements.

Proposal 1: RSRQ should be used for the radio quality measurements.

How to verify Sintrasearch and Snonintrasearch
In RAN4 #52-bis, it was agreed that RSRQ would be useful for the evaluation of Sintrasearch/Snonintrasearch, but it could not be concluded whether “only RSRQ” or “both RSRP and RSRQ” should be used in the evalutions. In the latter behavior, if RSRP is lower than Sintrasearch/Snonintrasearch OR RSRQ is lower than Sintrasearch/Snonintrasearch, then UE should make neighbor cell measurements. We propose that both RSRP and RSRQ should be used for the evaluation of Sintrasearch/Snonintrasearch. The rationale of our proposal is provided as follows:

In general, the threshold value (Sintrasearch/Snonintrasearch) should be optmized to meet the two requirements below:

Requirement 1: In case UE is located in the vicinity of the cell (high geometry region), RSRQ should be higher than the threshold value, i.e. UE doesn’t have to make neighbor cell measurements. 

Requirement 2: In high speed scenarios, UE should avoid cell reselection failure due to the delay of starting neighbor cell measurements. 

As discussed below, however, it would be quite difficult to meet the two requirements at the same time by only RSRQ. Figure 4 presents RSRQ vs. Ior/Ioc curves for different load condionts in the serving cell. RSRQ depends on the serving cell load conditions in the vicinity of the cell, and depends on the inter-cell interference/thremal noise in the cell edge regions, according to its definition. To meet the first requirement (Requirement 1), the threshold value should be set to lower than -12 dB so that UE in the vicinity of the serving cell doesn’t have to make neighbor cell measurements even in the 100% load condition. In case of low load condition, however, RSRQ of -12 dB would correspond to Ior/Ioc of -1 dB, and it might be so low that UE at high speed could not make cell reselection appropriately. 
If both RSRP and RSRQ are used for the evaluations of Sintrasearch/Snonintrasearch, RSRP threshold would be optimised for mobility behavior and RSRQ threshold could be optimised for sever interference problems (emergency cases), i.e. the RSRQ threshold could be set to relatively lower values, e.g. -14 dB, where RSRQ would not be affected by the serving cell load conditions. 
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Figure 4
It is also noted that the “both RSRP and RSRQ” approach could minimize ping-pong behaviors due to fluctuating RSRQ, because neighbor cell measurements would be triggerd mainly by RSRP in normal inter-cell interference conditions and by RSRQ only in the emergency cases, in which non-allowed CSG cell or hot spot cells severely interfer the macro cell downlink.
Proposal 2: Both RSRP and RSRQ should be used for the evaluation of Sintrasearch/Snonintrasearch.

How to verify Threshx, high, Threshx, low and Threshserving, low 
Obviously, RSRQ would be needed for the evaluation of Threshserving, low and Threshx, high. Figure 5 illustrates that UE in the macro cell (Higher priority) is interfered by the hot spot cell (Lower priority), in which the frequency bands of the two cells overlap with each other. In this scenario, UE could not avoid such interference problems if RSRP is used for the evaluation of Threshserving, low and the measured RSRP value is higher than Threshserving, low. If RSRQ is used, UE could easily detect such interferers and make cell reselections to other layers appropriately. 

Furthermore, UE in the lower priority layer would enter the higher priority layer if the measurement results in the higher priority layer are higher than Threshx, high. It implies that RSRQ would also be needed for the evaluation of Thresx, high for almost the same reason as Threshserving, low, i.e. RSRQ could avoid cell reselections to severely interfered cells.
If the hot spot cell were non-allowed CSG cell, the same problems would happen. It is noted that the non-allowed CSG cell would never be the best because it is not an intra-frequency cell. It implies that the solution of “Barring when it is the best (after the evaluation of Sintrasearch/Sintersearch)” could not be used for handling of non-allowed CSG cell. 
[image: image5.emf]Channel BW (Lower 

priority): 10MHz

Channel BW (Higher priority): 5 MHz

Location

Frequency

5 MHz

10 MHz


Figure 5
One main concern for RSRQ is that it might cause unnecessary ping-pong behaviors. Figures 1, 2 and 3 clearly indicate that priority-based cell reselection using RSRQ might increase the number of ping-pongs. However, if network operators could set the threshold values (Threshserving, low/Threshx, high) appropriately, in which sufficient hysteresis would be taken into account, such ping-pong behaviors could be minimized. Figure 6 presents CDF of the difference between two consecutive measurement results for RSRQ. It implies that if the Threshx, high value is 4 dB higher than the Threshserving, low value, approximately 80% of the ping-pong behaviors could be avoided.
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Figure 6
Therefore, we propose that RSRQ should be used for the evaluation of Threshserving, low/Threshx, high/Threshx, low. It is felt that the “both RSRP and RSRQ” approach would not be needed, because there are no clear reasons. One of RSRP and RSRQ should be selected by network operators for the evaluation of Threshserving, low/Threshx, high/Threshx, low.
Proposal 3: RSRQ should be used as a metric for the evaluation of Threshserving, low/Threshx, high/Threshx, low.
Proposal 4: One of RSRP and RSRQ should be selected by network operators for the evaluation of Threshserving, low/Threshx, high/Threshx, low.
How to verify Out-of-service area
The definition of “out-of-service area” in TS 36.133 is quoted below [9], although the word “out-of-service area” would be removed from the specifications [10]:

If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10 s, the UE shall initiate cell selection procedures for the selected PLMN as defined in [1].

After this 10 s period a UE in RRC_IDLE state is considered to be "out of service area" and shall perform actions according to [1].
Since UE has large time hysteresis of 10 seconds for the evalution of Out-of-service area, we believe that ping-pong behaviors due to RSRQ would not happen. In other words, if RSRQ is lower than the threshold value of Out-of-service area, i.e. Qqualmin, for 10 seconds, it should be “out-of-service area.” Therefore, it is proposed that out-of-service area could be detected by RSRQ without any drawbacks. It would be natural to use both RSRP and RSRQ similarly to WCDMA, because RSRP is always needed for the evaluation of Out-of-service area.

Proposal 5: Both RSRP and RSRQ should be used for the evaluation of Out-of-service area.
How to handle non-allowed CSG cell
As discussed above, the solution of “Barring when it is the best (after the evaluation of Sintrasearch/Sintersearch)” could not be used for handling of non-allowed CSG cell, in case that non-allowed CSG cell is not an intra-frequency cell. On one hand, if RSRQ is used for the evaluations for Out-of-service area and Threshserving, low, UE could easily detect the interference problems and make cell reselections to other layers if needed. Therefore, it is proposed that no particular behaviors for handling of non-allowed CSG cell should be specified. 
Proposal 6: No particular behaviors for handling of non-allowed CSG cell should be specified.
Ranking of cells
In this section, we focus on inter-frequency reselections with equal priority, because there would be no difference between RSRP and RSRQ in intra-frequency cell reselections. As discussed above, RSRQ would fluctuate more dynamically than RSRP, and as a result it would increase ping-pong behaviors. Since such behaviors were clearly observed even in the comparison with the absolute thresholds, it is supposed that much more ping-pong behaviors would happen in the comparison between two RSRQ values for the serving cell and the neighbor cell. Similarly to Threshserving, low, Threshx, high, Threshx, low, however, such ping-pong problems could be mitigated by Qhyst and Treselection. Therefore, it is proposed that RSRQ should be used for cell ranking as well. Similarly to Threshserving, low/Threshx, high/Threshx, low, it is also proposed that one of RSRP and RSRQ should be selected by network operators for cell ranking. 
Proposal 7: RSRQ should be used as a metric for cell ranking.
Proposal 8: One of RSRP and RSRQ should be selected by network operators for cell ranking.

3
Conclusions
In this contribution, we presented system simulation results for R9 cell reselection enhancements. Based on the simulation results, we discussed how the R9 cell reselection enhancements should be specified in the specifications. Our proposals are listed below:

Proposal 1: RSRQ should be used for the radio link quality measurements.
Proposal 2: Both RSRP and RSRQ should be used for the evaluation of Sintrasearch/Snonintrasearch.

Proposal 3: RSRQ should be used as a metric for the evaluation of Threshserving, low/Threshx, high/Threshx, low.
Proposal 4: One of RSRP and RSRQ should be selected by network operators for the evaluation of Threshserving, low/Threshx, high/Threshx, low.

Proposal 5: Both RSRP and RSRQ should be used for the evaluation of Out-of-service area.
Proposal 6: No particular behaviors for handling of non-allowed CSG cell should be specified.
Proposal 7: RSRQ should be used as a metric for cell ranking.
Proposal 8: One of RSRP and RSRQ should be selected by network operators for cell ranking.
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Annex A. System Simulation Assumptions
Simulation parameters are listed in Table A.1. Detailed parameters for indoor cells are listed in Table A.2.
Table A.1

	Parameters
	Value

	Cellular layout (Macro cell)
	Hexagonal grid, 19 cell sites, 3 cells/cell site

	Inter-site distance
	500 [m]

	Minimum distance between UE and Macro cell site
	35 m

	Antenna pattern (Macro cell)
	70-degree sectored beam

	Shadowing (correlation between cells/sectors)
	Standard deviation = 8 dB (0.5 / 1.0)

	Channel bandwidth
	5 MHz

	Carrier frequency
	2 GHz

	BS transmit power (Macro cell)
	43 dBm

	Penetration loss (for only macro cell scenarios)
	20 dB

	Traffic model
	50% (varing with average 50%), 100%

	Propagation condition 
	Typical Urban

	UE Speed
	3 km/h

	Receiver diversity
	2RX MRC

	Qhyst
	3 dB

	Treselection
	0 [ms]

	DRX cycle length
	1.28 [s]

	RSRP measurement bandwidth
	6 RBs (1.08 MHz)

	RSRP Measurement Period
	1.28 [s] (every DRX cycle)

	Sliding Window (for averaging RSRP Measurements)
	Linear averaging with the last result only

	Simulation time
	3000 [sec] per each trial * 140 UEs


Table A.2
	Parameters
	Value

	Cellular layout (Indoor cell)
	· Randomly placed in macro coverage
· 20 cells for 1 macro sector (60 cells for 1 macro cell site)

· Indoor cell coverage is assumed to be a circle (radius: 12 m) to simplify the simulations

· One wall is assumed in the boundary of macro cell and indoor cell.

	Minimum distance between UE and Indoor cell site
	0.2 m

	Antenna pattern (Indoor cell)
	Omni

	Channel bandwidth
	5 MHz

	BS transmit power (Indoor cell)
	20 dBm

	Penetration loss
	15 dB for 1 wall

	Macro cell pathloss calculation (located out of Indoor)
	128.1+37.6 log10 (Distance)

	Macro cell pathloss calculation (located out of Indoor)
	128.1+37.6 log10 (Distance) + 15 dB

	Indoor cell pathloss calculation (located in Indoor)
	38.4+20 log10 (Distance)

	Indoor cell pathloss calculation (located in Indoor)
	38.4+20 log10 (Distance) + 15 dB

	Indoor cell pathloss calculation (Located in other Indoor)
	38.4+20 log10 (Distance) + 30 dB 

(# two walls)


