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1 Introduction

During the work with Rel-10 the use of ABS and measurement resource restrictions in IDLE mode was briefly studied, but it was decided not to include it for Rel-10 [1]. For Rel-11 the study of IDLE mode operation is included [2].
In this paper we analyze the benefits and drawbacks of including IDLE mode operation in ABS in Rel-11. We come to the conclusion that there are a number of potential issues which should be further studied, but we also think that these potential issues are very complex. Therefore, we think the gains of introducing measurement resource restrictions in IDLE mode must be known, before proceeding to add the required signalling.

2 Discussion

In this paper we address the macro-pico scenario. In this scenario it is understood that the pico uses a cell-individual offset. In CONNECTED mode this has the effect that more UEs will prefer the pico over the macro and more traffic can then be forwarded to the pico node. The area where UEs connect to the pico, but would otherwise connect to the macro if cell-individual offset had not been used is called the CRE (Cell Range Extension) zone. To combat the effects of severe downlink interference from the macro cell for UEs in the CRE zone of the pico cell, ABS is used by the macro cell to create subframes with reduced macro interference. In this paper, it is understood that ABS must be used to ensure service quality, and for simplicity, we assume that CRE/cell-individual offset is always used together with ABS. The UEs employ measurement resource restrictions, which allow the UEs to only include specific subframes when performing certain measurements. The pico eNB may use this information to gain an understanding of the interference situation in ABS and non-ABS subframes respectively. The exact configuration of these restrictions is decided by the eNB.

UEs in IDLE mode do not use measurement resource restrictions in Rel-10. In this section we provide a rough analysis of potential issues of not having measurement resource restrictions in IDLE mode, like in Rel-10, versus the impact of introducing this mechanism in Rel-11. In this document, all potential issues exist in Rel-10 and all potential solutions would exist in Rel-11.

2.1 Cell border
The use of cell-individual offsets and measurement restrictions in CONNECTED mode in the macro-pico scenario effectively moves the cell border closer to the macro cell, making the pico cell larger. Rel-10 UEs in IDLE mode do not use these mechanisms and they will in fact experience a cell border different from the UEs in CONNECTED mode. This can be viewed as illogical.
Potential Issue:
UEs may experience different cell borders in IDLE and CONNECTED mode.

The cost of this issue by itself is probably small, and can be corrected if measurement resource restrictions were broadcasted such that Rel-11 UEs in IDLE mode could receive them.

Potential solution:
Introduce signalling for measurement resource restrictions that can be broadcasted to UEs in IDLE mode.

New broadcast signalling has to be carefully evaluated not to break any legacy functions. There is also a limit for how much signalling can be broadcasted and still keep the signalling effective.
Proposal 1 RAN2 to study the cost of introducing broadcast signalling on the aspects of legacy and efficiency.

2.2 Handovers

Now that we have established the different cell borders, we analyse the consequences of this with respect to handovers. We investigate what happens as the IDLE mode Rel-10 UE connects to the network and transfers to CONNECTED mode. It is important to remember that we only focus on UEs in the CRE zone. The described issue is not believed to appear for UEs outside of the CRE zone.
The UE, which is associated to the macro eNB (MeNB), will connect to the macro eNB. The MeNB will configure the UE to use cell-individual offset and measurement resource restrictions. This leads the UE to detect the pico eNB (PeNB) as the strongest cell and it will perform a subsequent handover. When the UE disconnects from the PeNB and returns to IDLE it will not have measurement restrictions configured and it will therefore perform a cell re-selection and return to the MeNB. When the UE connects again, the whole procedure will repeat. Suppose the UE is a fixed MTC device located in the pico cell edge and there will be frequent handovers. Also, frequent cell reselections may interfere negatively on paging performance. This would speak in favour of using measurement resource restrictions in IDLE mode.
Potential issue:
UEs not using measurement restrictions in IDLE mode may be forced into a loop of handovers and cell reselections, even if the UE is stationary, as the UE connects to the network. We call this the handover loop issue.
On the other hand, this immediate handover may not cost so much from a RAN perspective, but frequent handovers also loads the core network. One of the costs is data forwarding from the source to the target eNB, and as the UE is in the beginning of a data transfer, maybe there is not so much data to forward, keeping the cost down. Also, if the number of UEs in the CRE zone is small, the prize of the extra handovers might be acceptable. However, with a large cell-individual offset, the number of users in the CRE zone increases.

If measurement resource restrictions were introduced, the UE would not be associated with the MeNB in IDLE mode, and would therefore not perform a handover when transferring to CONNECTED mode.

However, it is important to keep in mind that there are mechanisms in Rel-10 to prevent this potential issue. First of all, the network decides upon handovers, which means the network could reject a handover request from UE. Secondly, the timer setting for active-to-idle can be set long, to prevent the UE from entering IDLE mode, keeping it CONNECTED. Smartphones are known for having bursty traffic patterns which causes a lot of signalling. One way to reduce the signalling load is to set the active-to-idle timer to 61 seconds as the default polling interval in many applications is 60 seconds. 

On the other hand, from a power consumption point of view, keeping the UE longer than necessary in CONNECTED mode may not be the most efficient configuration. All in all this potential issue is very complex as there are many parameters included.
Proposal 2 RAN2 to study the impact of this potential handover loop issue on power consumption, paging performance, and signalling load under realistic assumptions on traffic models, number of UEs in the CRE zone, and active-to-idle timer settings.
2.3 Paging

Paging is a fundamental mechanism in LTE that more or less always must work. We assume that if a UE in the CRE zone is paged during a non-ABS subframe, that paging is lost. So, for paging to work a UE in the CRE zone must be paged during ABS, as the downlink interference is reduced, which increases the success of the paging procedure. However, which subframe and paging occasion is used to page a UE is decided by the IMSI of the UE, as this distributes the load of the paging messages over the paging occasions. This means that currently it is not possible for the pico eNB to page only UEs in the CRE zone during ABS.
It is possible to set up the paging such that the macro eNB and pico eNB page their respective UEs in every other paging frame. This reduces the paging capacity of the system. After a successful page, the UE will perform the RACH procedure. It is important to send the response of the RACH request during an ABS; otherwise the UE may not be able to read it.

Proposal 3 RAN2 to study the impact of UEs in the CRE zone on paging capacity and RACH procedure.

3 Conclusion

In section 2 we made a number of observations regarding the effects of using ABS and CRE with UEs in IDLE mode. We think these issues should be studied, but we also think that this brief analysis shows the complexity. Therefore, we think the gains of introducing measurement resource restrictions in IDLE mode must be known, before proceeding to add the required signalling.
Proposal 1
RAN2 to study the cost of introducing broadcast signalling on the aspects of legacy and efficiency.
Proposal 2
RAN2 to study the impact of this potential handover loop issue on power consumption, paging performance, and signalling load under realistic assumptions on traffic models, number of UEs in the CRE zone, and active-to-idle timer settings.
Proposal 3
RAN2 to study the impact of UEs in the CRE zone on paging capacity and RACH procedure.
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