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On power level for RACH
1 Introduction
The discussion about reduction of the power level for RACH has been ongoing for many meetings now, where the sourcing companies proposal is described in [1], along with justification in [2]. 
This paper summarizes the discussions and adds further justification for the introduction of this feature.

The main issues where companies disagree are the following:

· It has not been agreed that the possible impact to legacy/or and future networks would be adverse, if not introduced.

· It has not been agreed that the impact to legacy traffic is acceptable due to this feature
· It has not been agreed on target release.

· It has not been agreed on the need for signalling.

2 Consequences if not introduced
As has previously been stated, there are a number of drawbacks with full power on the the RACH.

· Strong bursts will appear at the BTS receiver causing blocking or intermodulation

· Interference in the network is unnecessarily increased

· Interference to other RATs in adjacent frequency blocks in the same frequency band 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 using the same or different access technology.  

It was also noted from network statistics that the signal strength of the RACH bursts is exceeding -47 dBm in 6,7%, -43 dBm in 2,7%, -38 dBm in 0,7% and -33 dBm in 0,1% of the total number of RACH bursts [1] with the highest signal level recorded at -29 dBm (occurring with very low probability).

The blocking levels at 6 dB desensitization specified for UTRA and E-UTRA are shown in Table 1.

Table 1. Blocking requirements for UTRA/E-UTRA

	RAT
	Blocking level [dBm]
	Blocking signal
	Allowed desensitization

	UTRA
	-47 
	GMSK modulation
	6 dB

	E-UTRA
	-49
	2 resource blocks (360 kHz)
	6 dB


Thus, both RATs have defined a narrow band blocking scenario (with the UTRA blocker using GSM carrier and modulation) at which the reference sensitivity is accepted to be degraded up to 6 dB, The difference to measured power of RACH bursts are 14 and 16 dB, comparing with RACH levels of -33 dBm, and 18 and 20 dB to the highest recorded value, for UTRA and E-UTRA respectively, which is a large difference, especially when considering that the sensitivity is already degraded 6 dB at the blocking level. 
Investigation on system impact from strong GSM blocking signals have been investigated in Draft ECC Report 162 (currently out on public enquiry). In the report it is noted that “Indeed, some manufacturers are capable to provide base stations for which the blocking requirements are 10 dB better than the 3GPP specifications.”. But, even though the blocking profile may be better in real implementations, the degradation should still be noticeable. It is further noted from the report: “In addition to ECC Report 096, Annex 2 of this Report deals with the impact of improving the blocking requirement of UMTS base stations. Even with such improved blocking profile, the GSM-R UL still causes a severe desensitisation of UMTS base stations.“

3 Impact to legacy networks

Two important issues are:

3.1 RACH degradation due to interference

Updated simulation results are presented in [3]. The main difference to previous contributions is a realistic receiver model and RLA_C estimation in MS. Simulations results show very small degradations which can mainly be attributed to the improved receiver model. The results are summarized in Table 2 where the Access Failure Rate on the RACH channel is depicted. Only the most commonly expected parameter of RACH retransmissions (2, 4 and 7), load and receiver type (BTS MRC) has been extracted. For more details on the simulation methodology and a more extensive set of results, please see [3].
Table 2. Simulation results from [3]

	
	MRC

	Max re-trans.
	User arrivals intensity

	Legacy
	4-8 dB
	8-12 dB

	2
	5
	0.09 %
	0.09 %
	0.10 %

	
	10
	0.11 %
	0.11 %
	0.11 %

	
	20
	0.15 %
	0.16 %
	0.17 %

	4
	5
	0.05 %
	0.05 %
	0.05 %

	
	10
	0.05 %
	0.05 %
	0.05 %

	
	20
	0.05 %
	0.05 %
	0.05 %

	7
	5
	0.03 %
	0.03 %
	0.03 %

	
	10
	0.03 %
	0.03 %
	0.03 %

	
	20
	0.03 %
	0.03 %
	0.03 %


3.2 RACH degradation due to sensitivity

The probability for a BTS to receive an access burst below sensitivity due to RACH power limitation has previously been discussed in [1].

Another way of looking at the same property is: 

· Based on simulations the BTS RACH reception could be assumed to be practically error-free (<0.01%) at C/N>17 for MRC receivers. This means that when assuming a receiver noise level of -113 dBm, any carrier level above -96 dBm would be practically error-free. Note that the effect of uplink Rayleigh fading is incorporated in these statements.

· The current proposal is that the MS shall reduce access power when having a RLA_C corresponding to -48 dBm. If the MS estimates RLA_C to be too high, due to few samples, it may erroneously reduce the access power. As can be seen in figure 1, the MS may overestimate the received average power by up to 4 dB due to downlink Rayleigh fading.
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Figure 1. Rayleigh fading statistics.
· Therefore, the most pessimistic situation with regards to downlink Rayleigh fading is when a MS measures -48 dBm on the downlink but has is overestimated this value by 4 dB and should typically rather measure it close to -52 dBm. BTS output power of 43 dBm gives a total gain of -95 dB. An MS output power of 33 dBm reduced by 12 dB due to power limitation [1] would then be received at -74 dBm, assuming the same average path loss in uplink and downlink. 

· The worst case is thus -74 dBm and it has been noted that the typical receivers have no (<0.01%) errors for values above -96 dBm. Hence there exists a 22 dB margin that can be reduced by 3 dB further or more when taking into account locations or situations where the average path loss is not the same in uplink and downlink. The margin may be increased when considering a lower noise figure than 8 dB.
4 Target release

Due to the misalignment to MSR/UTRA/E-UTRA blocking requirements, this change is considered essential and should be applied to the earliest possible release, i.e. Release 8. 

5 Signaling
As all operators/RATs in the same GSM frequency band may be subjected to blocking interference from GSM mobiles, it is preferred that the feature is made mandatory for both network and MS, without signaling. 

There may be regional requirements on location based emergency services that would require the MS to disable this feature when making emergency calls. While one option would be to signal the activation of the feature to accommodate these requirements, the other option would be to always disable the feature for emergency calls.

6 References
[1]
GP-110211 “CR 45.008-0364 rev 8 Power level for RACH (Rel-8)”, TSG GERAN #49, source Ericsson, ST-Ericson
[2]
GP-101837 “Power level when accessing BTS”, TSG GERAN #48, source Ericsson.

[3]
GP-110210 “RACH collision simulations”, TSG GERAN #49, source Ericsson, ST-Ericsson












































































1(4)
2(4)

