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1 Introduction

This document elaborates on the problem of aggressive RACH. 
2 Discussion

The described issue: At very high load, in a small cell network that may be imperfectly planned, UEs transmit 100’s of RACH preambles, ending in Access Failure, and causing significant UL interference. 
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Figure 1, RACH procedure, from TS 36.300
“Intended” system behaviours
· In general for LTE performance evaluations in RAN2, it has been assumed that eNB responds to RACH immediately and that UE can react to the response. The comparably simple LTE RACH procedure is not optimal for long access times where intermittent radio conditions causes problems. In general it is also assumed that PRACH resource have high capacity, but that assumption is based on UEs making few RACH preamble attempts in a procedure.
· At very high preamble load, a) such that the eNB cannot properly detect RACH preambles, or b) such that the eNB cannot service all RACH attempts, but can detect that many UEs are attempting RACH it has been assumed that RACH backoff triggered by backoff indication in Msg2 can be used. 
· At very high system load, a) such that the eNB cannot service all load, and b) such that access mechanisms and reject mechanisms load reduces the capacity in the system, the eNB can apply Access Class Barring. 

· UEs that cannot access a cell due to radio conditions should consider such cell to be non-suitable. A UE that is out of coverage is not allowed to cause UL interference.
Potential Issue 1: At very high load when, in the normal case, UEs are assumed to need several RACH preamble transmission attempts with power ramping to succeed and the interference will be very high also in the normal case, it may be difficult to find a suitable detection criteria at the eNB for when to apply RACH backoff.
· We assume that the issue 1 may be a serious issue.  

Potential Issue 2: At very high load, in order to trigger load based Access Class Barring, first eNB need to reliably detect RACH preamble overload (see issue 1), thus it may also be difficult to find a suitable detection criteria at the eNB for when to apply Access Class Barring.

· We assume that the issue 2 may be a serious issue.
Potential Issue 3: At very high load, the “real” coverage of UEs for different transmissions may vary over time, as interference changes. Furthermore, the interference limited coverage may not be balanced for the UL and the DL. This may lead to that intermittently, some subpopulation of UEs have problems accessing the system, intermittently being out of coverage, while they still regard the cell they camp on as being suitable. 

· We assume that the issue 3 may be a serious issue in a non well planned and tested environment

UEs that experience issue 3 probably also experience that they lose service from time to time, and may sometimes successfully connect to the network.

Conclusion 1: There are indeed potential issues in the currently intended system behaviours for the described problem scenario.
The solutions
The current load handling solutions of a) eNB Reject, b) RACH backoff, c) ACB, are all based on network detection and network taking action. These solutions have the problems that the network need to detect the conditions to act upon which may be difficult (issues 1&2) or impossible (issue 3). Furthermore, if the problems are related to a subpopulation of the UEs, there is the issue that RACH backoff and ACB affect all UEs. 
A UE real time solution may not resolve all problems, but it may anyway limit the UL interference caused by UEs that cannot access the system, e.g. a subpopulation of the UEs. The complexity of such solution could be low and based on existing solutions, e.g. making the Access Procedure more similar to UTRA access procedure, apply current RACH backoff based on UE internal trigger etc.
Conclusion 2: A UE real time solution could reduce UL interference in the described scenario, regardless where in the access procedure the root problem manifests, with low complexity.

Still, in a high interference situation where cells overlap, it may be interesting for the network to understand which UEs that have access and connection problems due to interference, and employ interference mitigation schemes to help such UEs. 
Conclusion 3: SON approaches are also interesting for the described scenario. 

3 Conclusions

Potential Issue 1: At very high load when, in the normal case, UEs are assumed to need several RACH preamble transmission attempts with power ramping to succeed and the interference will be very high also in the normal case, it may be difficult to find a suitable detection criteria at the eNB for when to apply RACH backoff.

Potential Issue 2: At very high load, in order to trigger load based Access Class Barring, first eNB need to reliably detect RACH preamble overload (see issue 1), thus it may also be difficult to find a suitable detection criteria at the eNB for when to apply Access Class Barring.

Potential Issue 3: At very high load, the “real” coverage of UEs for different transmissions may vary over time, as interference changes. Furthermore, the interference limited coverage may not be balanced for the UL and the DL. This may lead to that intermittently, some subpopulation of UEs have problems accessing the system, intermittently being out of coverage, while they still regard the cell they camp on as being suitable. 

Conclusion 1: There are indeed potential issues in the currently intended system behaviours for the described problem scenario.

Conclusion 2: A UE real time solution could reduce UL interference in the described scenario, regardless where in the access procedure the root problem manifests, with low complexity.

Conclusion 3: SON approaches are also interesting for the described scenario. 
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