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Power level when accessing BTS 
1 Introduction
The Random access channel is used by the mobile station to request a channel from the network to exchange information, location updating or starting a connection. A simple solution has been chosen in that the used output power for this fairly short burst is the maximum available of the MS to ensure that the burst reaches the appropriate base station. This means that the MS will use full power also when it is close to the BTS to which it tries to connect. This may cause a number of unnecessary drawbacks:

· Strong bursts will appear at the BTS receiver causing blocking

· Interference in the cell is unnecessarily increased

· Interference to other systems in adjacent frequency bands is unnecessarily increased 
· Performance of the BTS receiver may be reduced, especially if the BTS is equipped with a wideband receiver that occasionally is shared by two operators  

The purpose of this paper is to show that even simple means would reduce such disadvantages without jeopardizing the capability to create the wanted connection.

This contribution was presented for discussion at GERAN#41. In this updated version some simulation results are added showing the received power distribution when RACH and UL power are considered.  
2 Analysis of different operational modes in MS
Some basic statements summarize the characteristics relevant for this discussion:

· According to TS 45.008 the MS shall be able to measure the signal strength from BTSs in the range of -110 to -48 dBm. 

· MS is allowed to try to access a BTS only when a complete set of System Information (SI) has been decoded and stored. This means that the MS first need to synchronize in time and frequency to the BTS, and then read the SI. 

· The MS normally tries to access the BTS with the strongest BCCH signal strength that is suitable according to the subscription and the network.

· The MS has knowledge about the signal strength (within some uncertainty) from the BTS it is going to access.

· In idle mode the MS shall store and maintain average signal strength for all monitored frequencies.
· If the BTS output power is known in addition, path loss may be estimated. 
· Parameter values for connection, including BTS power, are sent to the MS by SDCCH after random access.

These conclusions are used for a simplified analysis of the different events or mode changes for an MS in GSM.

At switch-on

The MS searches for a BTS to camp on by sweeping the relevant spectrum or using the selected frequency list for BCCH. Choosing the strongest one to camp on implies that MS has measured the signal strength to some uncertainty. RACH is used to request a SDCCH channel for location update. Thus, the MS has at least a reasonable estimate of the signal strength before sending the RACH. Also for the responding SDCCH the estimated signal strength is available, in case no power command is included.

In idle mode

In idle mode the MS shall continue to monitor all BCCH carriers in the BA-list. Thus the MS knows the signal strength also of the neighbour cells. Check for confirmation of the BSIC of each neighbour is performed regularly in this mode. The MS is trying to access for location update, response to paging or initiating a connection (CS or PS). Also in this case the MS has a reasonable estimate of the signal strength before accessing with RACH. 

Reselection during packet transfer

In Normal MS control mode (NC0), the MS basically reselect as in idle mode but use RACH to send request for channel to the new cell candidate to connect to. The MS has a reasonable estimate of the signal strength before accessing the new cell as it needs to read the SI information before accessing in most cases. 
If NACC procedures are applied, the MS will send a Packet Cell Change Notification (PCCN) to inform the network that the reselection criteria are fulfilled and that it is CCN mode. Thus the MS has the required signal strength information of the target cell candidate. When the network decided to perform the cell change, the power to be used by the MS at access to the new cell is provided in the relevant PCCC or PCCO message. In NC1 and NC2 the network has the possibility to control the access power, based on the reported RSSI and power used.
Handover in CS or DTM

In this case network has the complete control over the power used during any access. 
In all cases we also need to consider relevant margins for normal variation due to fading, shadowing when turning around a corner, going into elevators or indoors etc.

3 Discussion

3.1 Normal operation case

In all cases listed above the MS has knowledge of the signal strength from the BTS (RLA_C/P) it is trying to access. Although not saying that the list above includes all possible mode changes or events, we may state that the MS has a reasonably good chance of estimating the “path loss”. According to 45.008 this knowledge is used during selection/reselection procedure to a first estimate of path loss by subtracting the RXLEV_ACCESS_MIN from RLA (C1 criteria). 
In addition for reselection the C2 criteria is used


C2 = C1 + CELL_RESELECT_OFFSET ‑ TEMPORARY_OFFSET * H(PENALTY_TIME ‑ T) 

where

H(x) = 0 for serving cell, for non-serving cell when x<0 or if PENALTY_TIME = 11111
H(x) = 1 for non‑serving cells when x :0 

Setting a higher or lower value for C2 will encourage or discourage respectively to reselect to a specific cell among a number of suitable cells. The default value of C2 is equal to C1.
The criteria above do not give the true path loss as the BTS power may not be known at first access. However, in this case we are not looking for an accurate measure of path loss, but rather a way of limiting the power at access in the cases when the estimated path loss is found to be within certain ranges. 

The maximum signal strength that any MS is required to measure is a RLA of – 48 dBm. By assuming a high output power fed into the BTS antenna Pbts, the maximum path loss that will result in -48 dBm at the MS can be calculated. In the uplink direction this corresponds to an input level at the BTS according to the following expression

 Sin = Pms – [Pbts –(-48)] dBm

 For GSM frequency bands below 1 GHz we can assume Pms= 33 dBm and Pbts= 45 dBm, which corresponds to Sin= -60 dBm on the average. For frequency bands above 1 GHz, assuming Pms= 30 dBm and Pbts= 45 dBm, this corresponds to Sin= -63 dBm. Taking local variations like sudden shadowing by e.g. moving objects, MS moving around the corner or indoors, into elevators, into account, there still will be more than 20-25 dB margin to the sensitivity level for the BTS even if a shadowing variation of 20 dB is assumed. If the MS power is reduced with less than the half of that sensitivity margin, i.e. maximum 12 dB at low bands and 10 dB at high band, the remaining margin would be sufficient for all normal cases.

3.2 Abnormal case 

In abnormal cases and emergency calls the MS 
a) Shall measure the received signal strength of all RF channels within its operating band and search for BCCH carrier which fulfils C1>0 and is not barred. This applies when the MS is not yet camping on a cell. Thus the RLA-value is available before access attempt.
b) When camped on a cell the MS, the MS shall reselect to one of the cells of the PLMN cells the MS was camping on. In this case the MS has knowledge of the RLA-value for the reselection candidate.
In all cases the same principles as in normal case can be applied as the RLA-value is available before access attempt. 
3.3 Unsuccessful access

If the first access attempt fails, the MS may repeat the RACH/PRACH. There are a number of possible causes for access failure, e.g. 

1 rejection due to forbidden access for that MS

2 rejection due to no available signalling resource
3 collision with access burst from other MSs trying to access the same cell

4 no answer at all due to other reasons like propagation issues or momentary interference

In the first two cases the MS receives an answer and can choose to either repeat access attempt or attempt to access another cell. If repetition to the same cell is chosen, there is no need to change the access power. In the last two cases the MS doesn’t know the cause of failure. This could be temporary or not. In this it is proposed to stay on the restricted power for up to two repetitions. If still no response is received the remaining access bursts may use 4 dB higher output power.
4 Simulations
Similar scenarios and propagation models as used in MCBTS simulations have been applied. Two types of networks have been studied: Urban macro-cell and small urban macro-cell with the following propagation model and network parameters:

	Network type
	Urban macrocell
	Small urban macrocell

	Propagation model
	Walfish-Ikegami / Okumura-Hata (sigma=8), with LOS-model from COST 259.
	COST 231 Walfish-Ikegami incl. LOS-model, described in TS 25.996 

	Cell radius
	600 m
	150 m

	Site-to-site distance
	1800 m
	450 m

	Cell range
	1200 m
	300 m

	Site type
	3-sector
	3-sector

	Antenna gain
	18 dBi
	11 dBi

	Min. MS-BTS distance
	30 m
	10 m

	Site height
	17 m
	12.5 m

	Average roof height
	12 m
	12 m

	BTS power
	39 dBm
	31 dBm


3D antenna model is used to model the minimum coupling loss.

The access-rate for RACH is assumed to be 20 RACH per cell and second.

So far Circuit-switched traffic with associated control channels and RACH bursts been simulated. A frequency load of 5% (4 carriers hopping over 27 channels) is implemented with and without mobile uplink power regulation activated. The distributions of received burst power are shown below in figure 1 and 2:
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	Figure 1. Distribution of received UL power, no power control
	Figure 2. Distribution of received UL power, with power control


It is clearly seen that the maximum received power is reduced by UL power control. This type of power control takes into consideration that the output power reduction may only be performed in a stepwise fashion. This reduction of high input power is of course only valid for mobiles belonging to the same network as the base stations.

The distribution without power control could be seen as an indication on high power caused by another operator within the same area and frequency band.

From figure 1 and 2 it is seen that for small urban cell scenario the percentage of bursts exceeding -25 dBm is reduced from 2.5% to 0.6% of the total number of bursts when power control is applied.

The distribution of RACH power has been recorded as well. In figure 3 and 4 it is seen that power regulation has no impact on RACH power.
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	Figure 3. Distribution of RACH power, no UL power control
	Figure 4. Distribution of RACH power, with UL power control


For the RACH bursts about 1% of the bursts exceeds – 25 dBm in the small urban cell scenario. This is valid for mobiles belonging to the same system. In addition we need to take into account a similar number of access bursts from other operations using frequencies within the same frequency band. All bursts exceeding -25 dBm may cause increased noise floor, according to TS 45.005 5 dB or more. This will have negative impact on performance in some areas. Probably the impact would be higher if EGPRS/EGPRS2 services are considered.
5 Conclusions 
The estimated path loss can be used to simply identify the path loss to fall into certain range. In the simplest case 2 or 3 limits could be used (“high/medium/low” or “higher/lower”). When the RLA is within a certain range the power for the access is reduced by a defined degree. By this simple method the potential noise floor increase could be avoided to a large extent.
6 Proposal

To avoid any impact on network strategies or the risk for reducing connecting performance in all normal cases, it is proposed to use the simplest implementation with only 2 levels: 
· If the RLA-value at the access attempt is above a certain value, e.g. -48 dBm or higher the power used for RACH is limited to be less than maximum of the MS capability reduced by 12 dB. The received signal strength in uplink will still be more than 20 dB above sensitivity.
· If the RLA-value is below this value, full power or the applicable value in the cell is allowed to be used.

· If RACH is not successful, it may be repeated according to existing procedures using the power as described above, but with the modification that if the first RACH and two following repetitions results in no response, the RACH the power may be increased by 4 dB for the next remaining attempts, until maximum allowed access attempts in the cell is reached.

· The principle above for RACH shall also apply to PRACH.

· The procedure described above apply to all RACH/PRACH bursts including access bursts for TA/TAI adjustment

· This feature should be mandatory for Rel-8 and later mobiles. In addition this could be optional for earlier releases. 
· Same principle could be used to limit the maximum power used for SDCCH, SACCH and FACCH if the optional power control command message is not included in the downlink message. 
The benefits of this approach is that we will 

· decrease the risk for blocking significantly

· the BTS receiver will operate at its best reception performance input signal level

· the interference to systems in adjacent that may use different access technology, will be minimized

· the momentary interference in the network will decrease

The proposal is included in the CR in reference [1]. In addition an indication in MS RAC of supporting this feature may be considered, although it is not yet proposed. 
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