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Discussion and Decision

1. Introduction
LTE Rel-10 includes the possibility to configure RRM measurement restrictions for connected mode UEs in order to have good mobility support for co-channel HetNet scenarios with eICIC enabled. However, RAN2 decided to defer the discussion of idle mode RRM measurement restrictions to Rel-11. In this contribution we discuss the potential relevance of including such enhancements.
2. Motivation for idle mode RRM measurement restrictions
In order to discuss the potential benefits of having RRM measurement restrictions for idle mode also, let us consider the example pictured in Fig. 1. Here we consider a co-channel macro+pico scenario with eICIC enabled, allowing UEs to be served on the pico eNBs in the extended coverage area by using range extension. Thus, the pictured UE in the range extension area in Fig. 1 in connected mode would typically be served by the pico, and this pico-UE would be configured to only perform RRM measurements on serving pico when the macro neighbour transmits ABS. However, when the pico-UE enters idle mode, it would no longer apply RRM measurement restrictions, and would therefore also not be able to operate with large RE values for the pico. This would essentially mean that the UE in the pico extended coverage area would camp on the macro cell.
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Fig. 1: Simpe illustration of co-channel macro+pico scnearion with UE positioned in the extended coverage area of the pico.
Given the considered example here with the UE in the extended pico coverage area, the following transitions would be experienced:
· UE in idle mode would camp on the macro. Shortly after switching to connected mode in the macro cell (and being configured with neighbour RRM measurement restrictions), the UE would be handed over to the pico.

· UE in connected mode would be served on the pico. Shortly after swiching to idle mode in the pico cell, the UE would perform cell reselection to instead camp on the macro (due to lack of idle mode RRM measurement restriction information).

Thus, with the simple example presented here, Rel-10 UEs would tend to experience unnecessary cell reselections / handovers, as there is no full consistency between idle and connected mode RRM measurement restriction signalling. However, the impact on system performance from not having idle mode RRM measurement restrictions will naturally need to be futher discussed before concluding if introducing idle mode RRM measurements using measurement restrictions are needed in Rel-11.
3. Need for idle mode RRM measurement restrictions
In the following, we therefore further discuss the potenetial relevance of the improvements outlined previously. As discussed for the example in Fig. 1, introducing the idle mode serving pico cell RRM measurement restrictions would only have value for pico-UEs that are located in the pico extended coverage area. The size of the pico extended coverage area is therefore one of the factors influencing the potential usefulness of introducting such enhancements. Also, the trade-off between signalling load/complexity and mobility between macro and pico after state transitions is another factor to consider. A number of simple Monte-Carlo co-channel simulations with 2 and 4 picos per macro cell area (according to the scenario definition in 3GPP TR 36.814) have therefore been conducted. Here simulations with 0 dB RE and 14 dB RE have been conducted. The simulations with 14 dB RE correspond approximately to the RE offset that is often found from RAN1 simulations to be optimal for cases with eICIC enabled. The presented results in Fig. 2 show the cumulative distribution function (cdf) of the distance between pico-connected UEs and their serving cell. Looking at the median level (50%-ile), the distance is on the order of 35 meters and 65 meters for 0 dB and 14 dB RE, respectively. As it is assumed that the picos have omni directional antennas, those distances can be mapped to coverage area of 38485 and 13273 square meters, respectively (assuming circular coverage area). Thus, the coverage extended pico area is much higher than the basic pico coverage area with 0 dB RE. Hence, that figure gives a first indication of the size of area where idle mode RRM measurements could potentially have benefits.
[image: image2.png]CDF

uniform; P =46dBm, P
macro
1

pico~20dBM. 10MHz BW @ 26Hz frequency

09
08
07
06
05
04
03
——4pico, RE=00B
02 s —— 4 pico, RE=14dB
01 - ==2 pico, RE=0dB
- ==2pico, RE=14dB
% 50 700 750 200 250

Distance(m)




Fig. 2 Cumulative distribution functions of distance between pico-connected UEs and their serving cell. Simulation assumptions are according to 3GPP TR 36.814
Assuming a UE in the extended pico coverage area as pictured in Fig. 1, it needs to be further discussed how severe the additional cell reselections or handovers is on performance. The case where a connected mode pico-UE is switching to idle mode, causing cell reselection to macro if no idle mode RRM measurement restrictions is supported, is probably not a big problem. At least it can not be argued that such transitions will influence negatively on the system performance, say the experienced throughput and hence not discussed further in this paper. The second case where idle mode macro-UEs switch to connected mode is probably the most relevant case to consider. Here the UE will start its call on macro, followed by handover to pico after the network has configured the UE with neighbour cell RRM measurement restrictions and RE bias for picos. With support of idle mode RRM measurements using measurement restrictions, the UE would have started its call directly on the pico. Hence, for this particular case, the potential gain of having idle mode RRM measurement restrictions is one saved handover per UE per call establishment. It is subject to further debate if saving handovers is sufficient justification to consider potential standardization of idle mode RRM measurement restrictions. The potential gain would mainly relate to reduced handover signalling, and probably have no / marginal effects on the overall user throughput. On the other hand the cost of signalling support for providing the UE with idle mode RRM measurement restriction, assuming the obvious choice of use of broadcast signalling, involve increased size of broadcast system information block(s), corresponding system information scheduling, additional consumption of broadcast bandwidth. In our opinion, since the macro eNB is in control of when the measurement restrictions are configured in the UE, it is possible through intelligent eICIC implementation in the eNB to control when the UE is given the chance to handover to a pico cell and therefore avoid uncessary handover to pico cells immediately upon call establishment on the macro cell. It is therefore proposed to take a more practical approach for discussing whether idle mode RRM measurement restriction signalling are worth pursuing, without triggering new time-consuming systems simulation campaigns.
4. Conclusion
In this contribution we have discussed the need for configuration of RRM measurement restrictions for idle mode Rel-11 UEs. We have used the co-channel deployment scenario of macro and pico with eICIC enabled as an example use case. The potential benefits of having introduced idle mode RRM measurement restrictions is basically fewer cell reselections and/or handovers for UEs that are located in the so-called pico node range extended area while experiencing state transitions between idle and connected mode, or vice versa. Having such additional cell reselections and handovers are not expected to have any significant influence on the experienced end-user throughput performance, so the potential performance benfit would mainly be having less signalling as a result of less handovers. The potential performace benefits of having Rel-11 idle mode RRM measurement restrictions would need to be compared against the required standardization effort and implications of having such enhancemens supported. However, through proper eICIC implementation in the eNB it is possible to control the mobility between macro and pico cells. In conclusion, we do not see the need for introducing idle mode UE RRM measurement restrictions.
