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1. Introduction
In previous RAN2 meeting, a problem on RACH transmission failure in case where the UE camps on the cell without having to be in close physical proximity was addressed in [1], [2] and [3].
In this contribution a way forward on this particular issue is described in the following chapter. 
2. Discussion
2.1 Brief summary of CHIBA issue
In RAN2 meeting, we addressed “CHIBA issue” in [1], [2] and [3]. UE may camp on the cell without having to be in close physical proximity under a specific condition. In this case, UE can receive DL signalling message, e.g. SIB, but, the uplink transmitted message, e.g. RACH, seems to be not handled in Node B. UE will keep staying in such cell until UE meets the cell reselection criteria. If the UE tries to transmit the RRC Connection Request, the timer T300 will expire repeatedly. It is very big issue for user.　We found the issue occurred in some areas like lakeside and coastal areas which receive DL signalling from Node B on the other side of the lake or the bay in live network. All of UE potentially encounters the CHIBA issue. But, some of UEs, e.g. Smart meter for smart grid and Vending Machine, which has no mobility cannot make it through the bad condition. Similar problem happens also in countries other than Japan. [4]
2.2 Issue Scenario

2.2.1 The root cause of the issue

The CHIBA issue is caused by the RACH preamble delay. The root cause is neither noise issue nor interference issue. The issue happens in the condition when the actual coverage area of faraway cell is expanded more than designed area by some reasons, e.g. overshoot propagation, diffracted wave due to building or sea-reflected wave. In this case, the UE transmits RACH preamble to the faraway cell, but the RACH window size of the cell is not enough for the UE, the RACH preamble delay issue will happen.
We investigated some scenarios about the issue that happens. The detail of each scenario is described in Annex.1. 

Case1: UE is powered ON same frequency area.
The CHIBA issue happens when UE initiates initial cell reselection due to powered on. UE may select faraway cell because it recognized the cell as the best cell, nevertheless of the near cell belong in same frequency as faraway cell is deployed. It happens when the actual coverage area of faraway cell is expanded more than designed area by some reasons. In this case, the UE transmits RACH preamble to the faraway cell, but the RACH window size of the cell is not enough for the UE, the RACH preamble delay issue will happen.
Case2: UE is powered ON different (Inter) frequency area.
The CHIBA issue happens when UE initiates initial cell reselection due to powered on. UE may select faraway cell because it recognized the cell as the best cell, nevertheless of the near cell belong in different frequency as faraway cell is deployed. In this case, it is depended on the UE implementation that which frequency does UE select. It happens when the actual coverage area of faraway cell is expanded more than designed area by some reasons. The UE transmits RACH preamble to the faraway cell, but the RACH window size of the cell is not enough for the UE, the RACH preamble delay issue will happen,

Case3: Leaving from RRC Connected mode.
The CHIBA issue happens when UE leaves from RRC Connected mode when NW indicates UE to move inter-frequency in RRC Connection Release. UE select suitable cell in the frequency which is indicated by NW. UE may select faraway cell because it recognized the cell as the best cell. In this case, it is depended on the UE implementation that which frequency does UE select. It happens when the actual coverage area of faraway cell is expanded more than designed area by some reasons. The UE transmits RACH preamble to the faraway cell, but the RACH window size of the cell is not enough for the UE, the RACH preamble delay issue will happen. NW can avoid requesting the UE to move to other frequency from the frequency the UE is currently camped on, if it knows the UE may encounter the issue.
Observation 1:
CHIBA issue is caused by RACH Preamble delay in some cases, when the actual area is expanded from the designed area by some reasons.
2.2.2 Differentiate between UTRAN and EUTRAN

There is differentiates between UTRAN and EUTRAN in current specification. It is that EUTRAN has some kinds of preamble format. If the EUTRAN can appropriately select preamble format for each cell considering the fact that the actual coverage area may be expand from designed area, the issue would be avoided. On the other hands, the UTRAN does not have solution like EUTRAN in specification aspect. Therefore, UE is likely to encounter the issue when it camps on the UTRAN cells more frequent than when it camps on EUTRA cells.
Observation 2:
There is differentiates between UTRAN and EUTRAN in specification aspect. If the ETRAN can select preamble format appropriately, the issue would be avoided.
3. Analysis of Solution
3.1 Legacy solution for UTRAN
In this section analyse for the feasibility or legacy solution in UTRAN.
No. U-1: Expanding RACH window size of faraway cell

· outline of function
Expand the RACH receiving window size for the cell that would have the problem.

· Applicable case

Case 1, 2 and 3

· Concerns for feasibility
NW cannot expand the window size beyond certain range, if the cell size has been large enough. In addition, it allocates more resource pre radio connection of faraway cell, so this solution causes a service impact on resource management.
No. U-2: Optimization of neighbour cell list

· Outline of function
Include the faraway cell (Cell_B) in the neighbour cell list of near cell (Cell_A)

· Applicable case

Case 1, 2 and 3

· Concerns for feasibility

There is a physical limit to the number of cells that can be included in the neighbour cell list. If some of Node-B are deployed in high density, there may not be enough room to include the faraway cell in neighbour cell list. The near cell (Cell_A) cannot be included in the list of faraway cell (Cell_B). In addition, UE which camped on cell (cell_B) appropriately may perform cell reselect to the faraway cell (Cell_A), if Cell_B includes Cell_A in neighbour cell list. It may super-induce the issue. So, this solution cannot be used in some of cases, even if it is carefully considered with cell size.
No. U-3: Optimization of cell size (degenerated cell size of faraway cell)
· Outline of function
Adjust the cell size of the faraway cell with varying the tilt angle of antenna of NodeB or other solution.
· Applicable case

Case 1, 2 and 3

· Concerns for feasibility

Some of UEs which camped on the edge of the faraway cell should send message with high power. It causes some UL interference on the site or neighbour cell. NW needs to know the issue will happen in the area or not. So, the solution is not enough to solve the issue.
No. U-4: Don’t indicate Inter-Freq in RRC Connection Release.
· Outline of function
NW avoids indicating inter-freq (F1) redirection in RRC Connection Release to UE, if NW knows any possibility that UE encounters the issue.
· Applicable case

Case 3

· Concerns for feasibility

NW needs to know the UE will happen on the issue. It depends on the UE location.
There are some legacy solutions for solving the issue, especially, the solution No.U-1, U-2 or U-3 are more effective for solving the issue. But the each solution has some concerns. Therefore, the current workaround is insufficient in the problem avoidance with taking into account live network environment.
3.2 Legacy solution for EUTRAN
In this section analyse for the feasibility or legacy solution in EUTRAN.

No. E-1: Optimize preamble format for all cells.
· Outline of function
Use preamble format 1 or 3 for all cells or specific cells.

· Applicable case

Case 1, 2 and 3

· Concerns for feasibility

If NW uses the preamble format 1 (or 3) for all cells, it causes lack of radio resource and Root Sequence Number for each cell. Especially, the cell deployed in urban area, it has a significant impact on system performance. On the other hand, the NW can use the preamble format 1 (or 3) for specific cells that may happen in CHIBA issue. If NW does not know whether UE which camp on the cell meets the CHIBA issue, the radio resource would be wasted. Therefore, the solution has a more potent effect on solving the CHIBA issue, if NW knows the UE fail in CHIBA issue.
No. E-2: Optimization of cell size (degenerated cell size of faraway cell)
· Outline of function
Change the cell size of the faraway cell with varying the angle of antenna of NodeB or other solution.
· Applicable case

Case 1, 2 and 3

· Concerns for feasibility

Some of UEs which camped on the edge of the faraway cell should send message with high power. It causes some UL interference on the site or neighbour cell. NW needs to know the issue will happen in the area or not. So, the solution is not enough to solve the issue.

No. E-3: Don’t indicate Inter-Freq in RRC Connection Release.
· Outline of function
NW avoids indicating to move inter-freq (F1) in RRC Connection Release to UE, if NW knows any possibility that UE happens on the issue.

· Applicable case

Case 3

· Concerns for feasibility

NW needs to know the UE will happen on the issue. It depends on the UE positioning.
There are some legacy solutions for solving the issue with the solution No.E-1 and E-2 are more effective for solving the issue. But the NW cannot know UE failed Random Access. So, the UE may have happen in the CHIBA issue. The current workaround is insufficient in the problem avoidance with taking into account live network environment.
3.3 Comparison of Legacy solution for both RAT
We compare legacy solutions for both RATs in the following table1.
Table1. Comparison of legacy solutions.
	Solution
	Applicability
	Concerns for feasibility

	
	UTRAN
	EUTRAN
	

	Solution1
RACH window size
	A
	A
	-NW cannot expand the window size beyond certain range, if the cell size has been large enough.
-NW needs allocates more resource pre radio connection of the cell.

	Solution2
Optimize Neighbor cell list 
	A
	NA
	- There is a physical limit to the number of cells that can be included in the neighbour cell list.
- It may super-induce the issue.

	Solution3
Optimize cell size (degenerated cell size of faraway cell)
	A
	A
	- It causes some UL interference on the site or neighbour cell. Because, Some of UEs which camped on the edge of the faraway cell should send messages with high power.
- NW needs to know the issue will happen in the area or not.

	Solution4
Optimize Preamble format
	NA
	A
	- If NW uses the preamble format 1 (or 3) for all cells, it causes lack of radio resource and Root Sequence Number for each cell.
- This solution has a more potent effect on solving the CHIBA issue, if NW knows the UE fail in CHIBA issue.

	Solution5
Don’t indicate Inter-Freq in RRC Connection Release.
	A
	A
	- NW needs to know the UE will happen on the issue. It depends on the UE location.


Observation 3:
CHIBA issue can be solved by current solution. These solutions have some concerns for the point of operation or technical. Therefore, the current workaround is insufficient in the problem avoidance for both UTRAN and EUTRAN.
Proposal 1:
RAN2 is kindly asked to confirm that the issue happens in both UTRAN and EUTRAN.
3.3 For new solution
In the above section, we find that currently available solutions are not enough, if we consider live network environment. Based on the above section, UE may encounter the CHIBA issue unfortunately. We think that the following 2 alternatives are effective when the solving the issue.
Alt. 1: Introduce Non-Real time solution
Step1: UE detects the CHIBA issue. And then, UE report the information to NW. (or the solution in which NW detects the CHIBA issue may also be considered.)
Step2: NW applies some of legacy solutions after detection (e.g. like SON solution).
Alt. 2: Introduce Real time solution

UE autonomously gets away from the situation after UE detects the CHIBA issue, if NW allowed/indicated UE to do it.
With respect to Alt.1, it is assume that the UE is very difficult for reporting the information in step 1. Because NW cannot receive RACH message from the UE. The NW needs to take care of the all of RACH including outside of RACH window size for detecting the issue in step1, if NW detects the issue. On the other hands, with the view of Alt.2, UE can consider it has encountered the issue when the UE receives "no response" from NW. It is easier than Alt.1. We described the comparison for each alternative in Table2.
Table2. Comparison of alternatives

	
	Alt. 1: Introduce Non-Real time solution
	Alt. 2: Introduce Real time solution

	NW impact
	Big
	Maybe small

	UE impact
	Big
	Big

	Instantaneous effect
	Late for improve the condition
	Immediately improve the condition

	Extent of the impact for other UE
	Impact on all of UE which camped on the cell.
	No impact

	Extent of the impact for neighbour cells
	Maybe some impact depended on the solution. 
	Some impacts depending on the amount of the UEs encountered the issue.


With respect to the above comparison, Alt.2 has advantage over Alt.1 in the total viewpoint. Alt.2 is more preferred from the operator’s point of view. Especially, the alternative improves the condition immediately. It is needed to introduce a solution for solving the issue. 
Proposal 2:
RAN2 is kindly asked to introduce the solution to solve the CHIBA issue for both UTRAN and EUTRAN.
4. Summary
In this paper we have discussed the RACH transmission failure (CHIBA issue). The followings were observed. 
Observation 1:
CHIBA issue is caused by RACH Preamble delay in some cases, when the actual area is expanded from the designed area by some reasons.
Observation 2:
There is differentiates between UTRAN and EUTRAN in specification aspect. If the ETRAN can select preamble format appropriately, the issue would be avoided.
Observation 3:
CHIBA issue can be solved by current solution. These solutions have some concerns for the point of operation or technical. Therefore, the current workaround is insufficient in the problem avoidance for both UTRAN and EUTRAN.
In conclusion, the followings were proposed. 
Proposal 1:
RAN2 is kindly asked to confirm that the issue happens in both UTRAN and EUTRAN.
Proposal 2:
RAN2 is kindly asked to introduce the solution to solve the CHIBA issue for both UTRAN and EUTRAN.
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Annex.1 Detail of each scenario.

Annex.1-1: In UTRAN case
We investigated some scenarios about the issue that happen in UTRAN. 

Case1: UE is powered ON same frequency area.
· Condition:

· Near cell (cell_A) and faraway cell (cell_B) belong in same frequency. 

· The actual coverage area of cell_B is expanded more than designed area by some reasons, e.g. overshoot propagation, diffracted wave due to building or sea-reflected wave.
· Scenario:

1. UE is powered on. Then, it performs initial cell selection. UE will select suitable cell_B as best cell.

2. UE transmits RACH preamble to the cell_B for location registration, but the RACH window size of cell_B is not enough for the UE. RACH preamble delay issue will happen.

3. UE recognized the cell as the best cell. And cell_B does not include cell_A in the neighbour cell, so the UE keeps on staying the cell_B.

This scenario happens in live network, such as areas like lakeside and coastal areas which receive DL signalling from Node B on the other side of the lake or the bay. It also happens in mountain area.
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Fig.1-1. UTRA case 1_UE is powered on in same frequency area.

Case2: UE is powered ON different (Inter) frequency area.

· Condition:

· Faraway cell (cell_B) belongs in different frequency from near cell (cell_a) and other faraway cell (cell_b).

· The actual coverage area of cell_B is expanded more than designed area by some reasons, e.g. overshoot propagation, diffracted wave due to building or sea-reflected wave.
· Scenario:

1. UE is powered on. Then it performs initial cell selection. UE will select suitable cell_B as best cell. In initial cell selection, selected frequency depends on UE implementation. UE may search all band or search specific band.
2. UE transmits RACH preamble to the cell_B for location registration, but the RACH window size of cell_B is not enough for the UE. RACH preamble delay issue is happen.

3. UE recognized the cell_B as the best cell. And cell_B does not include the cell_A in the neighbour cell of cell_B, so the UE keeps on staying the cell_B.

This scenario happens in live network, such as areas like lakeside and coastal areas which receive DL signalling from Node B on the other side of the lake or the bay. It also happens in mountain area.
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Fig.1-2. UTRA case 2_UE is powered on in different frequency area.

Case3: Leaving from RRC Connected mode.
· Condition:

· Near cell (cell_A) and faraway cell (cell_B) belong in same frequency (F1).

· Near cell (cell_a) and faraway cell (cell_b) belong in same frequency (F0).

· The actual coverage area of cell_B is expanded more than designed area by some reasons, e.g. overshoot propagation, diffracted wave due to building or sea-reflected wave.
· Scenario:

1. UE transmits/receives some data in cell_a. NW indicates UE to move inter-freq (F1) in RRC Connection Release.

2. UE leaves RRC connected mode in cell_a.

3. UE will select suitable cell in the frequency (F1) which is indicated by NW.

4. UE will camp on cell_B as strongest cell. 
5. UE transmits RACH preamble to the cell_B for data communication or other reason, but the RACH window size of cell_B is not enough for the UE. RACH preamble delay issue will happen.

6. UE recognized the cell_B as best cell. And cell_B does not include the cell_A in the neighbour cell of cell_B, so the UE keeps on staying the cell_B.

This scenario happens in live network, such as areas like lakeside and coastal areas which receive DL signalling from Node B on the other side of the lake or the bay. It also happens in mountain area. NW can avoid requesting the UE to move to other frequency from the frequency the UE is currently camped on, if it knows the UE may encounter the issue.
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Fig.1-3. UTRA case 3_Leaving from RRC Connected mode.
Annex.1-2: In EUTRAN case
We investigated some scenarios about the issue that may happen in E-UTRAN. The difference with 3G is that the current specification has solution. NW can select preamble format for each cell.

Case1: UE is powered ON same frequency area.
· Condition:

· Near cell (cell_A) and faraway cell (cell_B) belong in same frequency. 

· The actual coverage area of cell_B is expanded more than designed area by some reasons, e.g. overshoot propagation, diffracted wave due to building or sea-reflected wave. 

· The preamble format of cell_B is format #0 or #2, not preamble format #1 and #3. The distance from the eNodeB_B to the UE is more than 31km.

· Scenario:

1. UE is powered on. Then it performs initial cell selection. UE will select suitable cell_B as best cell.

2. UE transmits RACH preamble to the cell_B for location registration, but the RACH window size of cell_B is not enough for the UE. RACH preamble delay issue will be happen.

3. UE recognized the cell_B as the best cell. And cell_B does not include cell_A in the neighbour cell of cell_B, so the UE keeps on staying the cell_B.
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Fig.2-1 EUTRA case 1_UE is powered on in same frequency area.

This scenario happens in occurred in some areas like lakeside and coastal areas which receive DL signalling from eNode B on the other side of the lake or the bay in live network. It also happens in mountain area.

Case2: UE is powered ON different (Inter) frequency area.

· Condition:

· Faraway cell (cell_B) is belonged in different frequency from near cell (cell_a) and other faraway cell (cell_b).

· The actual area of cell_B is expanded more than designed area by some reasons, e.g. overshoot propagation, diffracted wave due to building or sea-reflected wave.
· The preamble format of cell_B is format #0 or #2, not preamble format #1 and #3. The distance from the eNodeB_B to the UE is more than 31km.

· Scenario:

1. UE is powered on. Then it invokes initial cell selection. UE will select suitable cell_B as the best cell. In initial cell selection, selected frequency depends on UE implementation. UE may search all band or search specific band.
2. UE transmits RACH preamble to the cell_B for location registration, but the RACH window size of cell_B is not enough for the UE. RACH preamble delay issue happens.

3. UE recognized the cell_B as the best cell. And cell_B does not include the cell_A in the neighbour cell of cell_B, so the UE keeps on staying the cell_B.

This scenario happens in live network, such as areas like lakeside and coastal areas which receive DL signalling from eNode B on the other side of the lake or the bay. It also happens in mountain area.
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Fig.2-2 EUTRA case 2_UE turned on in different frequency area.

Case3: Leaving from RRC Connected mode.
· Condition:

· Near cell (cell_A) and faraway cell (cell_B) belongs in same frequency (F1).

· Near cell (cell_a) and faraway cell (cell_b) belongs in same frequency (F0).

· The actual coverage area of cell_B is expanded more than designed area by some reasons, e.g. overshoot propagation, diffracted wave due to building or sea-reflected wave.
· The preamble format of cell_B is format #0 or #2, not preamble format #1 and #3. The distance from the eNodeB_B to the UE is more than 31km.

· Scenario:

1. UE transmits/receives some data in cell_a. NW indicates UE to move inter-freq (F1) in RRC Connection Release.

2. UE leaves RRC connected mode in cell_a.

3. UE will select suitable cell in the frequency (F1) which is indicated by NW.

4. UE will camp on cell_B as strongest cell. 
5. UE transmits RACH preamble to the cell_B for data communication or other reason, but the RACH window size of cell_B is not enough for the UE. RACH preamble delay issue will happen.

6. UE recognized the cell_B as the best cell. And cell_B does not include the cell_A in the neighbour cell of cell_B, so the UE keeps on staying the cell_B.

This scenario happens in live network, such as areas like lakeside and coastal areas which receive DL signalling from eNode B on the other side of the lake or the bay. It also happens in mountain area. NW can avoid requesting the UE to move to other frequency from the frequency the UE is currently camped on, if it knows the UE may encounter the issue.

[image: image6.png]eNodeB_A eNodeB_B

2 F1 «=xx :Designedarea

— -Actual area

:Max coverage of Preamble format 0 or 2

Max coverage of Preamble format 1 or 3




Fig.2-3. EUTRA case 3_Leaving from RRC Connected mode.
If the NW can appropriately select preamble format for each cell considering the fact that the actual coverage area may be expand from designed area, the issue would be avoided.
