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1 Introduction

In LTE, RACH is used for initial access, uplink TA, and UL synchronization for handover. According to recent RAN2 decision, random access procedure is performed when one of the following three events occurs [1]:

-
Initial access from RRC_IDLE;

-
Handover requiring random access procedure;
-
DL data arrival during RRC_CONNECTED requiring random access procedure;

-
E.g. when UL synchronisation status is “non-synchronised”;

-
UL data arrival during RRC_CONNECTED requiring random access procedure;

-
E.g. when UL synchronisation status is “non-synchronised” or there are no dedicated scheduling request channels available.

Furthermore, the random access procedure takes two distinct forms:

-
Contention based (applicable to all four events);

-
Non-contention based (applicable to only handover and DL data arrival).

Normal DL/UL transmission can take place after the random access procedure.
Power control for different use cases has not been discussed in RAN1. In this contribution, we discuss power control options for the above mentioned cases.
2 RACH Power Control
RACH transmit power can be determined by open-loop power control.  There are two ways to configure the RACH transmit power: 

Option 1: Initial RACH transmit power is calculated at the UE based on eNodeB signalled parameters 
Option 2: Initial RACH transmit power is determined at eNodeB and signalled to the UE
Currently [2] specifies that the preamble transmission power (PREAMBLE_TRANSMISSION_POWER) associated RA-RNTI is signalled to the user by higher layers. However, we believe at least path loss compensation needs to be done at the UE. We discuss how preamble transmission power can be determined for different RACH use cases. 
2.1 RACH for Initial Access

Transmit power can be determined at the UE as

RACH_Initial_Tx_Power = min [Pmax, ( ( PL + PRACH_Tx_power_set_point ] 


(Eq. 1)
· PRACH_Tx_power_set_point is the set point determined at the eNodeB taking into account the total received power in the PRACH resource and the desired SINR operating point. Possible margin may be added to the PRACH_Tx_power_set_point to account for implementation and other losses.

· The term PL is the DL path loss estimated at the UE. This may be obtained from the downlink reference signal measurement as (DL_DM_RS_Tx_Power – RSRP). 
· The constant ( is a switch to turn on/off path loss compensation. (=1 means full compensation and (=0 means no compensation. In the latter case, path loss estimation from DL measurement is disabled and eNodeB has full control of RACH initial transmit power setting.

2.2 UL Synchronization in RRC_CONNECTED State
For UL synchronization in RRC_CONNECTED state, transmit power can be determined using the same equation as in Section 2.1. 

Preamble_Initial_Tx_Power = min [Pmax, ( ( PL + PRACH_Tx_power_set_point ]

(Eq. 2)
· The term PL is the DL path loss estimated at the UE as in the case of initial access.

· The parameter PRACH_Tx_power_set_point can be embedded in the system information in SU-1 carried in DBCH. According to TS 36.300, the period of SU-1 is 80 ms [1], which will significantly increase the latency for RACH transmission. To reduce the latency of obtaining the required parameter from SU-1, the PRACH_Tx_power_set_point from the previously decoded system information can be employed. 

· For UL synchronization upon DL data arrival, non-contention based RACH can be used. eNodeB may signal the required parameters to the UE via dedicated DL  signalling along with the available PRACH resource (ie signature). 
2.3 RACH during Handover
During handover, transmit power has to take into account the path loss to the target cell. The transmit power is calculated at the UE from the following equation:

Preamble_Initial_Tx_Power = ( ( PLtarget_cell  + PRACH_Tx_power_set_point 

(Eq. 3)
· The term PLtarget_cell is the DL path loss relative to the target cell estimated at the UE and is obtained from the target cell DL RS measurement as (DL_DM_RS_Tx_Powertarget_cell – RSRPtarget_cell). The target cell is determined from handover procedure.

· PRACH_Tx_power_set_point can be determined at the target cell, taking into account the total received power in the PRACH resource in the target cell and the desired SINR operating point. UE can obtain the set point by decoding the system information from the target cell SU-1, which is transmitted periodically every 80 ms. This will increase handover latency and is not desirable.

· An alternative solution is to use dedicated DL signalling between the serving cell and the UE to signal the Tx power set point. This approach requires signalling between the serving cell and the target cell via the X2 interface. 

· One option is to signal the PRACH_Tx_power_set_point to the target cell. This is based on target cell total received power.

· The total received power in the PRACH resource from the target cell to the serving cell via the X2 interface. 
It is noted that exchange of parameters via X2 and signalling of the parameters to the UE can be done during the handover preparation stage, prior to handover execution. Therefore, this can reduce the handover interruption time.
3 Summary
Table 1 shows the summary of the power control methods for the three RACH use cases, along with the signalling methods, and possible measurements. In all cases, open-loop power control based on eNodeB signalled parameters is preferred. The formula presented in this paper uses simple eNodeB signalled set point, taking into account the total received power in the PRACH resource. Additional switch may be considered to enable or disable UE based path-loss compensation.

Dedicated signalling of required parameters may be considered for RACH in RRC_CONNECTED state, or during handover. This may help reduce the latency in RACH transmission significantly.
In conclusion, we propose to

· Specify the power control formula for PRACH transmission. The formula is described in (Eq.1) in case of initial access and UL synchronization and in (Eq.3) in case of handover
· Define power control parameters (PRACH_Tx_power_set_point and path loss compensation factor) to be signalled on DBCH or dedicated signalling.

· To support non-contention based PRACH operation during handover, define PRACH_Tx_power_set_point  to be sent to the neighbor cells via the X2 interface.

Table 1: Summary of power control methods and parameters for RACH.
	RACH use case
	Power control method
	Signalling method
	Parameter

	All contention based RACH
	Option 1 (UE based)
	DBCH (SU-1)
	· PRACH_Tx_power_set_point

· Path loss compensation factor

	Non-contention based RACH: 

UL synchronization upon DL data arrival in RRC_CONNECTED state
	Option 1 (UE based)
	DBCH (SU-1) or Dedicated signalling
	· PRACH_Tx_power_set_point
· Path loss compensation factor

	Non-contention based RACH during handover
	Option 1 (UE based)
	Dedicated signalling
	· PRACH_Tx_power_set_point (Dedicated signalling to the UE, exchanged via X2 to serving cell)

· Path loss compensation factor
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