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Discussion 

1. Introduction
In this contribution we provide system simulation results for RSRQ measurement bandwidth. Based on the results, we provide some considerations of the appropriate way forward and next steps.
2. Discussion
Dynamic system simulations were performed, following the assumptions in [1] to investigate measurements with different RSRQ measurement bandwidth. The cases studied are a subset of the range of possible simulations, as highlighted below (in total 2x2x3x3 = 36 simulation cases)
· The 20MHz/10MHz+10MHz was not yet studied

· Only outbound handovers from the central site (and intersite handovers) were considered. UEs are dropped uniformly in the central 3 cells (green cells in figure 1). Once the UEs performed handover to the interfering layer (white cells in figure 1) the call was terminated.

· 30km/h UE velocity was considered. 3km/h and 120km/h are not yet studied

· Two different network bandwidth topologies are considered. A 10MHz/(5+5MHz) network as described in [1] and a network where 10MHz system bandwidth is used by all cells. (x2)

· Two different RSRQ measurement bandwidths are considered; 6RB and 50RB. (x2)

· Cell load (finite buffer): Low (10%), Medium (50%), High (100%) (x3)
· RSRQ A2 thresholds: -12, -14, -16 dB (x3)

· Statistics:
· RLF statistics (normalized with UE per Second metric as in 36.837)
· Average CQI before handover (from A3 and HO Command events)
· Qout statistics (number of Qout events per UE per second)
· Handover statistics (handover success rates)

[image: image1]
Figure 1 : Topology of baseline network for study
Results for radio link failures are presented in figure 1. When the A2 threshold is set to a high value e.g., -12dBm so that inter-frequency handover is initiated early, there are no RLFs, except in the highest loading case. In this case, the number of radio link failures does not depend strongly on the network configuration (10/10 or 10/5+5) or the RSRQ measurement bandwidth. When lower A2 threshold is used, corresponding to starting measurements later, some radio link failures start to be seen at lower network loadings as expected. Particularly for the 6RB measurement BW and 10/5+5 network, some RLFs are seen for 10% load. For the higher A2 thresholds no RLFs are seen; one explanation for this maybe that the serving cell and intrasite neighbour load is already sufficient to trigger inter-frequency measurements. In these simulations, the serving cell will generate power on the central 6RBs as the UE is always served by a 10MHz cell.
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	Figure 1a: RLF statistics, A2 threshold=-12dB
	Figure 1b: RLF statistics, A2 threshold=-14dB
	Figure 1b: RLF statistics, A2 threshold=-16dB

	
	
	


Since the number of radio link failures is relatively low in many cases, Qout events were studied as these may give an early indication of potential radio link problems. Again for 100% loading there is not much difference in Qout event per UE per second for any of the network and measurement options, but for -14dB and -16dB there is a clear tendency for more Qout events to occur when 6RB is used along with a 10/5+5 network. Another interesting aspect which can be seen is that if the RSRQ threshold is set to a small value, low loading UEs suffer since handovers get postponed. This is general trend occur independently of measurement bandwidth, although 6RB measurements in a 10/5+5 network, 10% background traffic load and -16dB A2 threshold is clearly the worst case. It should be remarked that none of the Qout event rates per UE per second are especially high, 0.017 Qout events per UE per second means on average one Qout event is occurring every ~59 seconds. 
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	Figure 2a: Qout events per UE per second, A2 threshold=-12dB
	Figure 2b: Qout events per UE per second, A2 threshold=-14dB
	Figure 2c: Qout events per UE per second, A2 threshold=-16dB




In figure 3a-c we examine CQI statistics and the average CQI is evaluated from the time just before the handover is triggered. Again, the results show that if a low A2 threshold is used, then UEs will suffer most in low loading conditions because handover is delayed. Otherwise, the results show that 6RB measurements result in a worse CQI than 50RB measurements for the 5+5 interfering layer deployment just prior to handover. On the other hand, the results for 10MHz interfering layer are sometimes better for 6RB RSRQ than for 50RB RSRQ.
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	Figure 3a: Average CQI before handover, A2 threshold=-12dB
	Figure 3b: Average CQI before handover, A2 threshold=-14dB
	Figure 3c: Average CQI before handover, A2 threshold=-16dB


Finally, in figure 4a-c we look at handover success ratio. Most handovers are successful regardless of the simulation parameters, except when low A2 threshold is used, background load is low, and 6RB measurements are used on a 10/5+5 network. In this case, handover success ratio becomes less than 90%. Again this seems to be because the handovers are excessively delayed by the low background loading and A2 threshold.
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	Figure 5a: Handover success ratio, A2 threshold=-12dB
	Figure 5b: Handover success ratio, A2 threshold=-14dB
	Figure 5c: Handover success ratio, A2 threshold=-16dB


3. Consideration of results

Firstly, it is interesting to note that the results do not appear to show a showstopper problem, even when 6RB RSRQ measurement bandwidth is used. It is true that if a low A2 threshold such as -16dB is used then problems will tend to be seen in low background loading cases, and the issues are exacerbated by the narrower RSRQ bandwidth, which further delays the handover. However, it must be said that there are already indications of problems in these cases regardless of the RSRQ measurement bandwidth. For other cases (higher loading or higher RSRQ threshold), we did not see particular problems with 6RB RSRQ measurements in the simulation results, and it would be interesting to look at other company results to see how strongly motivated changes are. This would have a bearing on whether a release 8 essential correction (for a showstopper problem) needs to be considered for this scenario, or for example the topic could be handled under TEI11.. Variable background loading already appears to limit the possibility to use the lowest RSRQ thresholds (e.g., to minimise the usage of measurement gaps) although in these cases, 6RB measurement bandwidth can delay the handover still further.
Now we consider possible improvements which may be considered for specifications, without considering the urgency and the applicable release. Clearly, the UE has knowledge of the bandwidth of the serving cell, so it seems feasible to make requirements for serving cell RSRQ to be measured over the full bandwidth of the serving cell as has previously been proposed in RAN4. However, we have concerns that this approach will lead to ping pong handovers if the cell starts to be measured as a neighbour cell with 6RB bandwidth after the successful handover. In previous semi-analytic results [2] we have seen an asymptotic limit of -2.45dB between RSRQ measured over 6RB and RSRQ measured over 50RB. In these simulations the call is ended as soon as the UE arrives on a 5+5MHz cell, so the results have not considered the inbound handover from a region served by 5+5MHz and such ping pongs have not been studied. However, considering typical handover margins, the RSRQ difference between 6RB and 50RB measurements accounts for most of the available handover margin and hysteresis would be compromised.
Hence we think that if serving cell measurements are changed then it is necessary to change the bandwidth of neighbour cell measurements as well. The main issue which needs to be addressed is how to make the UE aware of the bandwidths being used in neighbour cells. Additionally, if a neighbour cell is operating with 10MHz bandwidth, and the UE is connected to a 5MHz serving cell, it may be too demanding to require the neighbour measurement to be performed with 10MHz bandwidth. For instance, 25RB measurement bandwidth may well be sufficient, rather than increasing the measurement bandwidth to 50RB in inter-frequency measurement gaps/DRX measurements. At this stage we do not consider possible solutions in detail; however one principle which could be considered is that if wider bandwidth neighbour measurements are introduced as a requirement, the UE still has some flexibility to choose measurement bandwidth provided that it is significantly greater than 6RBs. This would mean that measurement bandwidth could be limited e.g., to be not more than the 25RB serving cell, giving, for example, power saving benefits. This was partially motivated by the study for WCDMA+WCDMA neighbours (a more severe case) in [3] where the tentative results indicate that the main important aspect is to avoid 6RB measurements. Figure 6 is reproduced from this contribution [3] and compares the RSRQ for different WCDMA interference levels and RSRQ bandwidths.
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Figure 6: 10 MHz LTE vs. 5 + 5 MHz UTRAN Scenario
4. Conclusions

In this contribution we provide some system simulation results for RSRQ measurement bandwidth according to agreed RAN4 assumptions [2]. In the results, some issues are seen with usage of 6RB RSRQ measurements for handovers from 10Mhz to 5/5Mhz regions. However, the cases where problems are most seen are when network loading is low (10% background load) and a low RSRQ threshold is used. In these cases, the handover is somewhat delayed by the parameterisation and low load, and an RSRQ measurement which does not fully capture interference appears to exacerbate the delays. However, it should be noted that the impact of background load in RSRQ is at least as significant (regardless of the measurement bandwidth).

We also discuss possible ways forward. Although it would be premature to conclude without seeing results from other companies our initial view is that showstopper problems which would motivate a release 8 change have not been seen in the results presented. On the other hand, there may be merit in making improvements to encourage consistency of RSRQ reporting in the future. For serving cell it is relatively straightforward to envisage that measurement requirements could be modified such that the serving cell is measured over its full system bandwidth, which is known to the UE. The outstanding problem is how to indicate the bandwidth to be used for neighbour cell measurements. Our view here is that if wider bandwidth RSRQ measurements are defined for the serving cell, they should also be enabled for neighbour cells, and some signalling indication of the bandwidth to use would be needed, as the UE does not know the bandwidth of neighbour cells. At the same time, there may be merit in considering that some implementation flexibility should remain, for instance it may not prove necessary to measure a 10MHz or 20MHz neighbour cell with its full system bandwidth. Although we do not have an exact proposal, 15 or 25RB measurements may well be sufficient, with the important aspect being to avoid 6RB measurements. 
5. References
[1] R4-121025, “System Simulation assumptions for RSRQ BW”, Renesas, NTT Docomo
[2] R4-120531, “Preliminary Results from RSRQ BW studies”, Renesas Mobile Europe Ltd.

[3] R4-115960, “Analysis and considerations on RSRQ measurement bandwidth”, Renesas Mobile Europe Ltd.
