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1 Introduction

In email discussion [83bis#10] as well as in RAN2#84 meeting, Chiba and aggressive RACH issues have been discussed. In our understanding, Chiba issue relates to the special deployments where the UE is camped on a faraway cell. The signal strength to the cell is good due special characteristics of the deployment (like sea-reflected signal or certain antenna tilt) but the UL preamble cannot be received correctly by the eNB due to long propagation delay. On the other hand, aggressive RACH issue occurs more in the scenario where the pathloss to the cell is low or interference high resulting unsuccessful RACH attempts. These attempts are continued over many seconds as long as a corresponding timer (T300, T310 etc) expires. 
Even both Chiba issue and Aggressive RACH result excessive load and interference due to repeated random Access attempts, we believe that the issues are separate and optimal solution can be different. In this contribution we focus on Chiba issue.

In email discussion [83bis#10], many companies indicated that Chiba issue can occur and RAN2 should introduce a solution to the problem. However, views on the solutions varied from the UE centric to network centric solution.  

2 Discussion

2.1 Chiba issue

As discussed in the introduction, the Chiba issue relates to the scenario where the UE is camped on the cell that is far away. In this case, both UL and DL signal strength can be good but because the propagation delay is long, the eNB cannot detect the preamble correctly as the preamble arrives outside the suitable time window. Especially, in this scenario, “aliasing problem” can occur where the eNB detects something but interpret the preamble index incorrectly as a different one as compared to the preamble sent by the UE.
The reason for aliasing problem relates to the mechanism how the preamble sequences are generated. According to [36.211], multiple random access preambles are generated from one or several Zadoff-Chu sequences. The set of 64 preamble sequences in a cell is found by including the available cyclic shifts from each Zadoff-Chu sequence and adding more Zadoff-Chu sequences as needed. The number of cyclic shifts in a Zadoff-Chu sequence depends on 
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 and whether unrestricted or restricted sets of cyclic shifts are used.

The figure below shows the detected delay in the PRACH receiver after matched filtering with the root Zadoff-Chu sequence, for unrestricted sets of cyclic shifts and 
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If the round trip delay is larger than 
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, the detected delay will fall into another preamble sequence. For example the figure illustrates when preamble sequence 0 is transmitted but due to aliasing is detected as preamble sequence
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. The eNB will send random access response, however the UE will not respond with Msg3 since the preamble identifier is wrong.
2.2 Existing solutions

The Chiba issues can be solved to some extend by existing means. 

First solution is to apply proper network planning in such a way that the problematic scenarios are avoided. This can be done by tilting antennas etc. However, always this is not cost effective solution as the cell size maybe reduced unnecessarily for the areas where the problem does not occur.

Another solution is to change the PRACH preamble format to the extended one (preamble format 1 and 3). If this is done, then aliasing problem should be solved in most of the deployments. However, extended preamble format may not be used on all networks and cells as this comes with the cost of radio resources.  
To conclude, there are existing solutions, but it is not always easy to know when those solutions should be used. 
2.3 New solutions

In RAN2, also new solution directions have been discussed. Those can be divided to the UE based solutions and network based solutions. UE based solution can be considered to be real-time solutions whereas network based solutions are non-real time. 
2.3.1 UE based solutions

Here the idea is that the UE solves the problem situation when it cannot connect to the best cell. In email discussion [83bis#10], the following solutions were discussed among all:
Solution alternative 1: 

· Chiba issue is addressed in UTRAN and EUTRAN by applying an offset in dB to the current/failed cell in cell selection/reselection criteria.
· The offset is applied in UTRAN and EUTRAN when UE detects connection establishment failure one or more times in RRC – number of times is configured by NW.
· Offset is cleared upon cell reselection, either to a 3rd cell or to the original cell (using offset) for both UTRAN and EUTRAN. Altertively, the offset is removed after expiry of a timer.
Solution alternative 2: 
· When Chiba issue is detected by the UE, the cell barred instead of using offset. Additionally it has been proposed that the offset is scaled depending on certain conditions.

In addition in R2-132661, the solution where the UE detects Chiba problem based on the failed RAR messages was discussed. So if the UE finds that the cell is not congested (e.g. based on lack of back of indicators) and still RAR fails, it can conclude that it suffers from the Chiba issue.
There are few problems in the above solutions:

· It is difficult to tune the offset parameters so the optimal cell selection is achieved for all UEs

· The RRC Connection failure can be due to many issues, not only Chiba. So if the connection failure is due to congestion, introducing an offset will mean that a massive number of UE will reselect the second best cell which is then congested. To avoid this, broadcasted offset would need to be dynamically tuned which also consumes network resources.

· RRC Connection failure can also be due to temporal uplink coverage and interference issues (not Chiba like problems). Then selecting the second best cell is not necessarily desirable. 
2.3.2 Network based solutions
Here the idea is that network tunes its parameters (such as preamble format) based on the UE assistant information. The solution is not real time as it takes time before the UE can connect to some cell and report the problem. It should be noted that in the case a static device is suffering from the problem, some other UE typically visit the same area and can later report about issues. Only exceptions are devices which are in places that are not reachable at all but these situations should not be common. Network based mechanisms do not need continuous actions from the network and the UE side but can be considered as long term solutions. We consider that this is simpler and more cost efficient than the UE based solutions.
Proposal 1 Introduce a network based solution to detect Chiba issue

As discussed e.g. in [2], one solution would be to used MDT or RACH failure reporting to detect the Chiba problem. Currently, in RRC, there exist rach-Report and ConnEstFailReport. Those could be used to find out RRC connection failures or RACH failures. This helps then the operator to locate problem and tune the network parameters correctly. 

The current RACH report has the following format:
UEInformationResponse-r9-IEs ::=

SEQUENCE {


rach-Report-r9






SEQUENCE {



numberOfPreamblesSent-r9



NumberOfPreamblesSent-r11,



contentionDetected-r9




BOOLEAN

}















OPTIONAL,


rlf-Report-r9






RLF-Report-r9


OPTIONAL,


nonCriticalExtension




UEInformationResponse-v930-IEs



OPTIONAL

}

On the other hand, the connection establishment failure report has the following format;

ConnEstFailReport-r11 ::= 



SEQUENCE {


failedCellId-r11




CellGlobalIdEUTRA,


locationInfo-r11




LocationInfo-r10



OPTIONAL,


measResultFailedCell-r11



SEQUENCE {



rsrpResult-r11






RSRP-Range,



rsrqResult-r11






RSRQ-Range



OPTIONAL


},


measResultNeighCells-r11



SEQUENCE {



measResultListEUTRA-r11



MeasResultList2EUTRA-r9


OPTIONAL,



measResultListUTRA-r11



MeasResultList2UTRA-r9


OPTIONAL,



measResultListGERAN-r11



MeasResultListGERAN



OPTIONAL,



measResultsCDMA2000-r11



MeasResultList2CDMA2000-r9

OPTIONAL


}
OPTIONAL,


numberOfPreamblesSent-r11


NumberOfPreamblesSent-r11,


contentionDetected-r11



BOOLEAN,

maxTxPowerReached-r11



BOOLEAN,


timeSinceFailure-r11



TimeSinceFailure-r11,


measResultListEUTRA-v1130


MeasResultList2EUTRA-v9e0

OPTIONAL,


...

}

The problem is how Chiba issue can be separated from other problem scenarios. With the current mechanisms, in principle, the UL coverage problem can be separated from the congestion problem: 

· Coverage problem occurs when the number of sent preambles was high, but congestion was not detected 

· Congestion problem occurs when the number of preambles sent was high and the congestion was detected, i.e., the UE received the RAR but not the contention resolution message. 

However, Chiba issue cannot be separated from UL coverage problems (poor pathloss, high interference). This bring challenges as the solution to the problem might be different. Chiba issue can be solved by the different preamble format whereas other UL coverage problems may need other actions.

As discussed in Section 2.1, in the Chiba issue, aliasing problem occurs where the eNB detect the preamble incorrectly and replies then with the wrong preamble index. One way to detect this problem would be to count the number of RAR reception failures due to not matching preamble identifier. This occurs if at least one RAR is received in the RA Response window but none of them contain a preamble identifier that matches the one sent by the UE.

So there could be following examples how the network detects the Chiba problem:

Case 1:

1.            Number of preambles sent = 100

2.            Number of RAR reception failures due to not matching preamble identifier = 0

3.            Contention detected = false
-> Low loaded cell with no aliasing problem

Case 2:

1.            Number of preambles sent = 100

2.            Number of RAR reception failures due to not matching preamble identifier = 100

3.            Contention detected = false
-> Low loaded cell with aliasing problem

Case 3:

1.            Number of preambles sent =100

2.            Number of RAR reception failures due to not matching preamble identifier = 70
3.            Contention detected = true
-> High loaded cell with no aliasing problems

Optionally the counter for the number of RAR reception failures due to not matching preamble identifier should only include RAR where the preamble identifier corresponds to the same root Zadoff-Chu sequence send by the UE. In other words, the counter should be incremented if at least one RAR is received within the RAR window with a preamble identifier corresponding to the same root Zadoff-Chu sequence as sent by the UE but none of them contains the correct preamble identifier. This will make it easier to detect the problem even at higher load.

As a conclusion, we consider that introducing a new parameter for either rach-Report or ConnEstFailReport would be helpful to detect Chiba issue. As the latter one is sent after unsuccessful connection establishment, it fits better to Chiba scenario.  
Proposal 2 Introduce a parameter for measurements (e.g. in ConnEstFailReport) for  the number of RAR reception failures where at least one RAR was received but no matching preamble identifier was found
3 Conclusion
In this contribution we have the following proposals:
Proposal 3 Introduce a network based solution to detect Chiba issue
Proposal 4 Introduce a parameter for measurements (e.g. in ConnEstFailReport) for  the number of RAR reception failures where at least one RAR was received but no matching preamble identifier was found
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