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1. Introduction

In RAN4#23, several contributions were made to the TR 25.889 v1.0.0, “Feasibility Study considering the viable deployment of UTRA in additional and diverse spectrum arrangements”. In two of the considered examples – section 7.1 "DL usage of the new band in 2500 – 2690 MHz in conjunction with the Band I for UTRA FDD" and section 7.4 "UL/DL plus additional DL usage of the new band in 2500 – 2690 MHz in conjunction with the Band I for UTRA FDD" –it is considered to use additional DL carriers as DL capacity extension together with the core band (Band I). In this contribution we investigate some new RRM aspects for these cases. 

This contribution is concerned with the UTRA FDD mode. It is proposed to include the findings in this contribution into the Feasibility Study report [1].

2. Background

In the last 3GPP RAN WG4 meeting Nokia introduced a concept of using the 2500-2690 MHz band as DL extension to the core band. This contribution further discusses the concept highlighting RRM aspects that arise when extra DL carriers are allocated to the existing bands and proposes suitable solutions. 

A new situation in RRM procedures arises with the allocation of DL carriers in the 2500-2690 MHz band as DL extension to the core band. Then, the 1:1 pairing of DL and UL is not anymore the default and UL and DL neighbourship of cells might differ.

3. Radio Resource Management (RRM) aspects with extension DL carriers in 2500 – 2690 MHz

3.1. UL interference scenario

The DL extension carriers in the 2.5 GHz band can be used on a cell-by-cell basis. DL capacity can be enhanced either for the whole layer mirroring the coverage of the associated core band carrier or for some hot spot areas. RRM procedures are applied the same way as in the core band baring in mind that one UL carrier is associated with multiple DL carriers, i.e. one DL carrier in the core band and one or more in the extension band. Balancing of DL load as an example can therefore be achieved by an inter-band handover (UL, DL1 => UL, DL2) while balancing of UL load requires an inter-frequency (UL1, DL1 => UL2, DL2) or inter-system handover.

Intra-frequency measurements within the 2.5 GHz band e.g. for soft handover purposes are performed the same way as in the core band. At the coverage edge, however, a pre-emptive coverage reason handover is needed in order to avoid the risk of extensive UL interference to the intra-frequency neighbour(s) of the associated core cell. Since the coverage edge of the 2.5 GHz cell does not necessarily coincides with the border to the neighbour of the associated core cell as illustrated in the figure below, the pre-emptive coverage reason handover is likely to be required a bit earlier than it would occur by typical coverage triggers e.g. UL/DL power limitation. The area where UL interference can happen is somewhat the core band soft handover (SHO) area that is not mirrored in the 2.5 GHz band (i.e. some of the cells on the core band do not exist on the 2.5 GHz band).

In the following the term "SHO area" will be used to describe this geographical area of potential UL interference although the UE itself is not in SHO. Also, significant interference does not occur yet when the UE is just entering the core band SHO area but only when the core band neighbour becomes the strongest cell in the core band. For simplicity, we still use the term "SHO area" because the area of UL interference geographically strongly correlates with the SHO area in the core band that is un-mirrored in 2.5 GHz.
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3.2. Interference detection and avoidance

With the current 3GPP measurements, the UE in the 2.5 GHz band cannot recognize when it is entering an UL interference area.

One way to solve this issue is to apply tight coverage reason triggers that enable the escape handover before the UE reaches the interference area. This is a valuable option for cells where the un-mirrored core band SHO area is far from the Node B location and thus tighter handover triggers will not extensively reduce the coverage of that cell. 

In case the un-mirrored core band SHO area is relatively close to the Node B location - close in terms of pathloss - that cell would however have significant part of the coverage unused. Also, if it is as close as or even closer than other mirrored SHO areas (left hand side of the 2.5 GHz edge cell in the figure above), the SHO to other 2.5 GHz neighbours would not be possible. Instead an inter-band handover would take place even though not necessary. For those cells, an alternative method is provided by additional core band measurements to detect un-mirrored SHO areas in the associated core band. As UL interference arises only in 2.5 GHz border cells also measurements can be limited to these cells.

In the following measurements in different RRC service states are considered. Although in principle UL interference does not occur in every RRC state, measurements are still recommended in all states to allow a fast transition between the states. This means that also measurements in idle mode are considered to avoid extensive delay during call initiation.

CELL_DCH
To minimize UE inter-band measurements in CELL_DCH state, core band measurements for interference area detection can be split into 2 steps

(a) periodic RSSI measurements of the associated core carrier

(b) event (i.e. need) based inter-band neighbour measurements of the core band neighbours using e.g. compressed mode

While (a) gives an indication of increased other cell interference when comparing it with the 2.5 GHz RSSI value, (b) verifies that the increased RSSI value is due to an un-mirrored core band neighbour. The first light measurement (a) should be on for all UEs all the time in that cell as in principle, SHO areas can be at any distance from the Node B location while the more extensive inter-band measurements (b) are triggered only for UEs close to the interference area. The split of core band measurements into 2 steps reduces UE measurement time, which furthermore reduces necessary compressed mode time. 

Idle mode, CELL_PCH, URA_PCH

To allow camping in all 2.5 GHz cells without the risk of UL interference at RACH transmission, potential interference areas must be detected by inter-band measurements. In order to maintain reasonable activity in paging modes the measurements can be controlled by measurement rules and criteria, which are based on e.g. CPICH Ec/Io level. By comparing the 1:1 co-siting in both bands, the UE notices an un-mirrored SHO area in the core band and autonomously initiates a cell re-selection to the core band.

In cells with distant SHO areas, again tighter cell re-selection triggers are an alternative to the additional UE measurements. Then, cell re-selection will be initiated before the UE can enter the potential interference area.

CELL_FACH
In CELL_FACH state the UE can use the measurement occasions to perform interference area detection in the core band.

Interference avoidance
Interference is effectively avoided by an escape inter-band handover to the core band (pre-emptive coverage handover). In idle mode, CELL_FACH, CELL_PCH, and URA_PCH state, when entering an interference area the UE initiates cell re-selection to the core band to prevent UL interference at RACH transmission.

When camping in the core band, a directed RRC connection setup to the 2.5 GHz band must be avoided from an un-mirrored SHO area.
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Compressed mode (CM) usage

Identifying the core band neighbours during CELL_DCH state requires compressed mode (CM) measurements or a dual-receiver in the terminal. The additional CM UE measurements replace CM measurements performed for the preparation of coverage reason handover. Considering the effect of CM usage on network capacity, which relates directly to the number of mobiles simultaneously in CM, it can be expected that in total the effect is not likely to increase and it can even decrease due to the following facts.

· The interference escaping handover is pre-empting the coverage reason handover. So, additional UE measurements are replacing measurements to prepare coverage reason handovers. In addition, as co-sited DL carriers in the core and extension band are synchronized, CM measurements for inter-band handovers can be made more efficiently i.e. in shorter time by utilizing the synchronization information.

· The main load balancing in this concept can be achieved already at call setup by directing the RRC connection to another carrier. This does not require CM measurements at all. It almost completely substitutes load reason handovers and thus also CM measurements as preparation for load reason handovers.

· Inter-band handovers for any reason (service, load etc.) can utilise the synchronisation of the co-sited DLs. CM usage is required less if necessary at all for inter-band handovers.

4. Conclusions

This contribution has addressed a new interference scenario in DL optimised utilisation of the 2500 – 2690 MHz band. The main findings are:

· UL interference to intra-frequency neighbour cells in the core band can occur in border cells of the 2.5 GHz band.

· In cells where the un-mirrored SHO area is relatively far from the Node B, tight coverage handover triggers can be applied to avoid UL interference.

· In other border cells, UE measurements of the core band are required.

· The time the UE uses for inter-frequency measurements is not likely to increase but rather decrease due to the co-siting and synchronisation of DL carriers.

5. Proposal

It is proposed to add Section 3 of this contribution to Chapter 7.1 and/or Chapter 7.4 of the TR 25.889 v1.0.0, “Feasibility Study considering the viable deployment of UTRA in additional and diverse spectrum arrangements”, under a new sub clause with the heading “Radio Resource Management (RRM) aspects with extension DL carriers in 2500 – 2690 MHz”.

6. References

[1]

TR 25.889 v1.0.0, “Feasibility Study considering the viable deployment of UTRA in additional and diverse spectrum arrangements”. 





























































































































































