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1.  Introduction
In RAN1#51bis, RAN1 received an LS from RAN3 [1] on self-tuning of cell reselection/handover parameters for load balancing. In the LS, RAN3 asked RAN1 to define appropriate L1 measurements to support this functionality. This paper discusses such measurements and proposes to define some L1 measurements at eNB.
2. Discussion
In the LS from RAN3 [1], RAN3 asked RAN1 to define the appropriate measurements that capture the current loading on the radio interface from L1 perspective. For the UL, two measurements can be thought of:
· M1:  The total received power;

· M2:  The physical resource block usage on UL.

Similarly for the DL, two measurements can be thought of:

· M3:  The relative total transmission power (relative to the rated power);

· M4:  The physical resource block usage on DL.

Each measurement item is discussed in the sequel.
2.1  M1: The total received power

Definition:  This is the total received power in the system bandwidth including thermal noise and is measured per cell.

The total received power on the UL gives an indication about the traffic loading of the cell on UL. Because of the orthogonal property of the LTE UL and AMC, it can be argued that the total received power does not reflect exactly how congested a cell is as in a CDMA system, but only a rough value. Moreover, this measure does not distinguish between other cell interference and the received power from the serving UEs. Nevertheless, if the total received power is excessively high, this gives an indication that either the cell is suffering significant interference from neighbours, or the cell is serving already some good traffic. In either case, it is likely that the cell cannot serve much more traffic. By comparing these values between the neighbouring cells, the network can figure out roughly which cells are rather congested or not.
An eNB will be equipped with a power amplifier, which has certain input ranges. If the received power exceeds this limited range, it can damage the amplifier or cause performance degradation. As such, the received power level must be monitored, and the traffic is controlled such that the received power falls within the desired range.

Although each eNB can control its own traffic, it has no means to control traffic in other eNBs. Therefore, it is necessary that this measurement is exchanged between the neighbouring eNBs over the X2 interface, so that the neighbouring eNBs can control traffic in a cooperative manner.

For reliable and stable operation of load balancing control, especially in a multi-vendor environment, performance requirements for this measurement should be defined in RAN4.

2.2  M2: The physical resource block usage on UL

Definition:  This is the ratio (percentage) of the used RBs over the available UL RBs over a certain time interval, and is measured per cell. Any non-scheduled transmissions and retransmissions should also be counted as used.

Due to the scheduling principles of LTE, the RB usage provides a good indication of the current traffic load in a cell. For GBR (guaranteed bit rate) traffic (or realtime traffic), the RB usage provides exactly how congested a cell is. However, it can be argued that for non-GBR traffic (or best effort traffic), a single user can take up many RBs if the cell is scarcely loaded, and consequently, this measure does not provide precisely the congestion level. Nevertheless, hypothetically, the amount of data a user wishes to transfer in total can be assumed independent of the throughput being provided. This would imply that the data can be transferred in a shorter time, if the cell is scarcely loaded, but does not impact significantly on the amount of RBs the same user consumes. As such, it can be assumed that this measure also provides the congestion level also for non-GBR traffic to a certain extent. Due to the different traffic behaviours, it would be meaningful to measure the RB usage for GBR and non-GBR traffic, separately.
2.3 M3: The relative total transmission power
Definition:  This is the ratio between the total transmitted power (over the system bandwidth) and the rated maximum transmission power of the eNB.

Similar observations apply as for the total received power on the UL. A high transmission power is an indication that the cell is loaded, although AMC implies that it is not a direct and precise indication of load but rather a rough measure. Nevertheless, by comparing the total transmission powers between the neighbouring cells, the network can figure out roughly which cells are rather congested or not. This measurement has already been captured in TS 25.214.
For reliable and stable operation of load balancing control, especially in a multi-vendor environment, performance requirements for this measurement should be defined in RAN4.
2.4  M4: The physical resource block usage on DL

Definition:  This is the ratio (percentage) of the used RBs over the available DL RBs over a certain time interval, and is measured per cell. Any non-scheduled transmissions and retransmissions should also be counted as used.

Similar observations apply as for the UL RB usage. The RB usage should be measured separately for GBR and non-GBR traffic, and exchanged between the neighbouring eNBs for load balancing control.
2.5  Periodicity of load information exchange
The RAN3 LS [1] indicated that the intention of the use case is to adjust cell reselection or handover control parameters according to the traffic loading of neighbouring cells. As this will require RRC signalling, it is expected that such control is done in a rather slow fashion, that is, not per TTI or in a millisecond order. The traffic loading highly depends on the traffic behaviour, and is out of hands of RAN1. It is felt sufficient that such control is done at a periodicity in the order of several tens of seconds to minutes, or even at a slower rate depending on the expected traffic fluctuation. The decision shall be made in RAN3 or other appropriate WGs.

3. Conclusions
In response to the LS received from RAN3 [1], this paper discussed the viable L1 measurements to be performed by the eNB. To support the load balancing functionality proposed by RAN3, the following measurements are proposed.
· M1:  The total received power;

· M2:  The physical resource block usage on UL.

· M3:  The relative total transmission power (relative to the rated power);

· M4:  The physical resource block usage on DL.

These measurements shall be transferred over the X2 interface between the neighbouring eNBs at a periodicity of several seconds to minutes (the periodicity should be studied in other relevant WGs, e.g., RAN3). For M1 and M3, performance requirements should be specified in RAN4.
An LS shall be sent to RAN3, RAN4, RAN2 and SA5 so that the necessary actions can be taken in the relevant WGs.
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