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1.
Introduction

Currently there are a number of UTRAN physical layer measurements specified in the UMTS FDD standards [1-4] for support of various radio resource management (RRM) functions, including radio bearer control (RBC), radio admission control (RAC), connection mobility control (CMC) etc, as well as support of various UE positioning methods. However, the exact usages of these Node B measurements are not, and need not be, specified in the standards. In this paper, we list the Node B measurements currently specified in the UMTS FDD standards and some of their possible usages for support of RRM and UE positioning, and discuss if these measurements (or similar ones) could also be useful for support of RRM and UE positioning in LTE.

In the current eUTRAN architecture, there is no logical node equivalent to the RNC in UTRAN (which is the destination of the Node B measurements), and the RRM functions are performed in the eNode B in a distributed manner. Since it is not necessary to standardize the measurements solely made and used internally in the eNode B, we will focus here on the eNode B measurements that could be shared between the eNode B’s to facilitate their coordination on various RRM functions like inter-cell interference coordination (ICIC), load balancing (LB), and hand-over (HO) decision etc, as well as those that could be sent to the UE for support of position determination.

2.
Discussions

In the followings, we list the Node B measurements currently specified in the UMTS FDD standards, discuss their possible usages in UMTS FDD, and consider their potential usages in LTE.

2.1
Received total wide band power

This measurement may be used for load control (admission control, congestion control), and for initial power setting of uplink physical channels. For these algorithms it is essential to know the uplink noise rise, i.e. the changes in wide band power.

Since LTE uplink is based on SC-FDMA and packet scheduling, this wide band power measurement may no longer give a clear indication of the uplink load. Hence we may need to think about other measurements / metrics which are especially suited for LTE to provide the uplink load information.

2.2
SIR

This measurement may be used for inner loop power control, performance optimisation in soft handover, e.g. makes sure that the same SIR target is used by all Node B’s, and the power setting of the PRACH message part. 

It is not required to standardize this measurement for LTE because soft handover is not supported and power control is performed within the eNode B.

2.3
SIRerror
This measurement may be used for outer loop power control.

It is not required to standardize this measurement for LTE because power control is performed within the eNode B.

2.4
Transmitted carrier power

This measurement provides an indication of the available power remaining in the Node B, and may be used for DL load control (admission control, congestion control).

Since LTE downlink is based on OFDM and packet scheduling, this total power measurement may no longer give a clear indication of the downlink load. Hence we may need to think about other measurements / metrics which are especially suited for LTE to provide the downlink load information.

2.5
Transmitted code power

This measurement provides an indication of the power currently used for a specific downlink channel, and may be used for RBC (e.g. to adjust the data rate of the UE), and assist CRNC in making RAC decisions.

This is a CMDA specific measurement, but a similar measurement (e.g. Transmitted resource block power) or other metrics could be defined for LTE to facilitate ICIC and HO decision, according to the downlink power usage on each resource block or UE connection.

2.6
Transport channel BER

This measurement may be used for outer loop power control.

It is not required to standardize this measurement for LTE because power control is performed within the eNode B. Also with HARQ in LTE, this measurement may no longer give a clear indication of the uplink transmission quality.

2.7
Physical channel BER

This measurement may be used for outer loop power control when no data is present on the DPDCH.

It is not required to standardize this measurement for LTE because power control is performed within the eNode B.

2.8
Round trip time

This measurement may be used for UE positioning in calculating the propagation delay from the Node B to the UE.

For LTE, this measurement could be sent from the eNode B to the UE to serve similar purposes.

2.9
UTRAN GPS Timing of Cell Frames for UE positioning

This measurement may be used by the UE for very efficient GPS signal detection using a narrow search window around the GPS code offset and carrier frequency Doppler correction sent to the UE.

For LTE, this measurement could be sent from the eNode B to the UE to serve similar purposes.

2.10
PRACH Propagation delay

This measurement may be used to set initial transmission timing of downlink physical channels, and to speed up the physical layer synchronisation procedure, i.e. to position the receiver window for faster detection of the uplink physical channels.

It is not required to standardize this measurement for LTE because synchronization is performed within the eNode B.

2.11
Acknowledged PRACH preambles

This measurement may be used for determining the persistency value for PRACH. The persistency value is used for the RACH load control / UL interference reduction.
It is not required to standardize this measurement for LTE because RACH load control is performed within the eNode B.

2.12
SFN-SFN observed time difference

This measurement is needed for real time difference (RTD) estimation. If assistance data on the RTD between the beginning of frames from a reference and a neighbouring cell could be conveyed to the UE, the search window could be significantly narrowed and the UE search for cells made quicker.

For LTE, a similar measurement (e.g. based on downlink reference signal timing of the two cells) could be sent from the eNode B to the UE to serve similar purposes. Note that this measurement is not required within a cluster of synchronous cells.
2.13
Transmitted carrier power of all codes not used for HS-PDSCH, HS-SCCH, E-AGCH, E-RGCH or E-HICH transmission

This measurement may be used to assist CRNC in making RAC decisions to set up the dedicated resources (DCH), and to flexibly adjust the amount of HSDPA resources in a cell (as a long-term provisioning action).

This measurement is not needed in LTE where only shared (but not dedicated) transport channels are supported. Also this CDMA specific power measurement may not give a clear indication of the downlink load in LTE using OFDM.

2.14
DL Transmission Branch Load

This measurement is used for the Node B to report to the RNC the internal power limitations (e.g. power amplifier) with respect to each transmission branch. This information could be used for optimizing call and congestion control.

It is not required to standardize this measurement for LTE because call and congestion control are performed within the eNode B.

2.15
Received scheduled E-DCH power share

This measurement may be used in the CRNC to allow a better balancing between uplink noise due to E-DCH transmissions scheduled by the Node B and uplink noise due to other uplink transmissions under control of the RNC.

This measurement is not needed in LTE where only shared (but not dedicated) transport channels are supported. Also this power measurement may not give a clear indication of the uplink load in LTE using SC-FDMA.

3.
Conclusions

We have listed in this paper the Node B measurements currently specified in the UMTS FDD standards, discussed their possible usages in the UMTS FDD, and considered their potential usages in the LTE. As discussed above, the following eNode B measurements could be further considered for use in LTE:

· Transmitted resource block power

· Round trip time

· eUTRAN GPS Timing of Cell Frames for UE positioning

· SFN-SFN observed time difference
Moreover, the existing Node B measurements are optimized for CDMA, and thus may not be equally applicable to LTE using OFDM / SC-FDMA (e.g. total power measurements may not give a clear indication of the system load). Hence we should also consider other eNode B measurements / metrics that are especially suited for LTE to support the various RRM (like inter-eNode B HO decision and ICIC) and UE positioning functions.
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