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1.  Introduction
In RAN1#51bis, RAN1 received an LS from RAN2 [1] on RACH optimisation use case. The objective of the use case is copied below, which is to optimise RACH configurations, including:

· RACH resource unit allocation (e.g., the number of PRACHs configured in the cell);

· RACH preamble split (among dedicated, random-high, random-low);

· RACH persistence level and backoff control parameters;
· RACH transmission power control.
To support this use case, RAN WG2 agreed to standardise the “number of received RACH preambles” to be measured at eNB. However, it is thought that this measurement is insufficient to cover all the objectives, especially, to optimise RACH transmission power control settings (e.g., the initial PRACH transmission power setting and power ramping step setting). As such, this paper proposes the received power measurements on PRACH resources.

2. Discussion
2.1  PRACH power control optimisation

It is currently assumed that three parameters are required to control the UE transmission power on PRACH: the target received power, reference signal transmission power, and the power ramping step. Although such details are yet unclear, it is assumed that the three parameters will be broadcast to apply open loop power control, i.e., the UE determines the transmission power based on the estimated path loss and the target received power. The path loss can be estimated from the measured RSRP and the reference signal transmission power (which is broadcast from the serving cell). It should be noted that for efficient power control, the current interference value needs to be taken into account. This can be achieved either by broadcasting a target received power value which takes into account the current interference, or by broadcasting the measured interference value along with the target SIR. From overhead reduction perspective, the former approach seems to be viable, i.e., the target received power being broadcast should reflect the current interference. If the UE does not receive the RA response within due time, the UE retransmits the RA preamble at a higher power, which is determined by the power ramping step. This can be formulated as,
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where n is the number of retransmissions and I is the current interference power. The values TargetRxPower, RsTxPower, and Step are broadcast.

Regarding PRACH power control optimisation, the matter of interest is how to optimise the TargetRxPower value and the power ramping step. It is assumed that the power ramping step is typically unchanged during system operation, but fixed when the system is initially deployed, based on some simulation results or initial test trials. As such, the focal aim is to adjust the TargetRxPower value properly such that PRACH access is fast and efficient.

As in any optimisation, some sort of performance measurement is indispensable. For the use case to optimise TargetRxPower, three inputs can be considered:
· M1:  The number of preamble retransmissions the UE took to succeed the access procedure, to be reported from the UE;

· M2:  The number of contention detected before the UE took to succeed the access procedure, to be reported from the UE;
· M3:  The interference power (or total received power) on PRACH resources, to be measured at the eNB.
Whether each measurement can be useful or not is discussed in detail below.

2.2   M1: The number of preamble retransmissions

If TargetRxPower was set too low, the UE will take more preamble retransmissions to succeed. While the eNB cannot count any missed detection, the UE can simply count the number of retranmissions and report this to the eNB. A large number of retransmisions being reported gives an indication that the TargetRxPower setting was perhaps too low. On the other hand, if a very low number of retransmissions was reported from many UEs, this gives an indication that the TargetRxPower was perhaps too high. As such, having the UE report the number of preamble retransmissions can be a useful measurement.
This can be defined as the number of preamble retransmissions the UE took before receiving an RA response. Although the RA response can be intended for someone else who accessed on the same preamble (i.e., contention), such definition seems adequate given that the contention probability should always be kept sufficiently low by configuring enough PRACH resources. One drawback of this measurement is that it needs to be reported from the UE, incurring signalling overhead. Nevertheless, as this is not urgent, it can be reported after the UE has successfully established a connection, i.e., as an RRC measurement report. In practice, such reports should be accummulated to make a reliable decision to change the TargetRxPower value, and the accumulated result (i.e., the average value) should be reported to the central OAM entity. As such, it seems that this input can be useful to tune the TargetRxPower value on a rather slow cycle, or more specifically, to optimise the value of TargetSIR. Moreover, it can be useful to optimise the amount of PRACH resources, as it also gives some indication about PRACH load.
2.3   M2: The number of detected contention
RACH contention can occur as a result of under preparing PRACH resources. However, it can occur also if TargetRxPower was set too low, as this will increase the RACH traffic in total. As such, RACH contention can be an indication that the amount of PRACH resources is insufficient or TargetRxPower is too low. The eNB cannot detect any contention, but the UE can, based on reception of a contention resolution message (by finding someone else’s UE ID inside). Then, the UE can also report any contention after it has successfully established a connection. However, under (sub)optimal configuration, occurrence of contention should be rare, and contention should be prevented by configuring sufficient PRACH resources. As such, it is questionable whether contention measurements at the UE have a real use in practice. It should also be noted that the UE would only be able to detect contention if it succeeds in decoding the contention resolution message (and finds someone else’s UE ID inside). Considering that the UE might as well miss the contention resolution message, the UE cannot distinguish perfectly whether the preamble was under contention or its transmission power was insufficient to be detected by the eNB. Therefore, reporting of contention seems unnecessary.
2.4  M3: The interference power (or total received power) on PRACH resources

Lastly, the interference power (or the total received power) on PRACH resources can be used to control TargetRxPower. Typically, TargetSIR is determined based on some simulation results or initial test trials. Nevertheless, the TargetRxPower value broadcast to control the PRACH transmission power should consider the current interference level into account. In a preferred implementation, the eNB should measure the interference value and dynamically adjust TargetRxPower being broadcast. For this process to be reliable and efficient, the interference measurements must provide certain accuracy. It can be argued that M1 (the number of preamble retransmissions reported from the UE) can be used to adjust TargetRxPower. However, as previously explained, as the M1 reports need to be accummulated for reliable control, the use of M1 would be insufficient to adapt to fast changes in interference. As such, the interference measurements at the eNB is indispensable.
Whether the actual interference should be measured or just the total received power on the PRACH resources can be discussed. Although the actual interference measurement is more desirable, it seems difficult to define what exactly is interference on PRACH, given the partly orthogonal property of PRACH preamble sequences, depending on the configuration and cell size. Alternatively, the total received power on PRACH resources can be measured, which will be considerably simpler. As such, it is proposed that RAN1 discusses the feasibility of the interference measurement, and adopt whichever the one agreeable between the interference measurement and the received power measurement.

Since PRACH is used for various purposes, i.e., initial access, handover, and UL synchronisation resuming, the PRACH transmission power control performance is vitally important in LTE. A poorly performing eNB can create severe interference problems on the neighbouring cells. If the network is synchronised (e.g., to support MBSFN), the PRACH resources are likely to be aligned between the neighbouring cells. Then, a poorly performing eNB can create severe interference problems on PRACH at the neighbouring cells. To avoid such problems in a multi-vendor environment, performance requirements must be specified. Hence, for the agreed measurement, performance requirements should be defined in RAN4.
Whether the TargetRxPower broadcast is made adaptive to the current interference situation or made static is up to eNB implementation. If the parameter is made to be static, this will be configured by OAM. Even if the parameter is made to be adaptive, the default value or the range of control should be configured by OAM. It is also necessary to monitor at OAM that neither of the cells are experiencing significant interference on PRACH, when network configurations, e.g., antenna tilting in a cell, are changed. Therefore, the measured interference or the total received power on PRACH resources should be reported to the central OAM entity. As such, an LS shall be sent to RAN3 and SA5, so that this measurement can be conveyed to the central OAM.
3. Conclusions
In response to the LS received from RAN2 [1], the useful measurements for the RACH optimisation use case from RAN1 perspective have been discussed. The followings are proposed:
· The interference power (or the total received power) measurement on PRACH resources (M3) should be defined. For this measurement, performance requirements should be defined in RAN4. Moreover, this measurement should be reported to the central OAM entity to optimise the PRACH transmission power control parameters.
· The need for the UE to report the number of preamble retransmissions (M1) should be considered.

The measurement template on M3 above is attached for communications with other WGs. An LS shall be sent to RAN3 and SA5, if agreeable, so that the necessary containers can be defined for the OAM interface. Also, an LS shall be sent to ask RAN4 to define the performance requirements.
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