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1
Introduction
Improving overall mobility robustness in Hetnet via improving the recovery of RLF is one of the objectives in the Rel-12 “HetNet Mobility Enhancements for LTE” work item [1]:

•
Improvements to help with recovery from RLF to help improve the overall mobility robustness of HetNet LTE networks. 

A previous paper [5] proposes enhancements to RRC Connection Re-establishment and concludes that the success rate can be improved by the network preparing the strongest cell for re-establishment but only that it requires more frequent measurement reports than once per handover. The previous paper shows that by applying periodic reporting at 500ms interval the rate of re-establishment errors can be brought down to 10% from the 20% that which is achieved when preparing the last visited macro cell.

This topic was discussed in RAN2#83bis, but no clear conclusion was reached. In this paper, we consider how to progress the work in RAN2, given that the deadline for the WI is approaching fast (see [1]).
2
Proposals for Re-establishment in RAN2#83bis 
When considering the proposals in RAN2#83bis, it can be seen that there are two main solutions (with three different flavours) being discussed:

1. Network-assisted solution(s): Providing assistance information for UE connection re-establishment to improve the odds of selecting a prepared cell. The UE can use this information to assist cell selection done for connection re-establishment.
Two main flavours of network assistance have been considered:
a. Indicating list of prepared cells to the UE

b. Indicating list of preferred frequencies

2. UE-based solution: Early T310 termination to make the UE start re-establishment faster than current specifications imply 
We think that any proposal should be aiming at improved mobility performance, as per the SI conclusions. Simulation results have been provided in the past meetings for the network-assisted re-establishment and early T310 termination. The network-assisted method has been shown to provide better mobility performance (in [6]) but (as acknowledged in previous meeting) the results for early T310 termination have not been fully conclusive. To progress the work, we think RAN2 should consider the full solution and prioritize schemes for which performance has been evaluated.

Proposal 1: RAN2 should prioritize re-establishment enhancements whose performance has already been evaluated (during the SI or WI phase).
3.1
Assistance information for UE for re-establishment procedure
The common thread in all of the contributions [6], [7], [8], [9], [10], [11] is that network could assist the UE by informing which cell has been prepared or which frequencies would be best for finding a suitable target for re-establishment, i.e. the UE would use this knowledge for re-establishment. 

According to the current standard a UE that experiences one of the possible reasons for RRC connection re-establishment, e.g. radio link failure or handover failure, will initiate the reestablishment, which includes performing a cell selection followed by the transmission of RRCConnectionReestablishmentRequest to the selected cell. The success of the reestablishment depends on the network having performed handover preparation on the cell that is now targeted for re-establishment. If the cell is prepared, the re-establishment will succeed, unless if there are other reasons for failure (e.g. signalling errors). 
The current standard allows for the network to prepare multiple cells, but since the UE cannot know what cells are prepared, and since the network cannot accurately predict what cell the UE will eventually select for reestablishment, the preparation of multiple cells may be the only way within the current standard that the network can increase the likelihood of the UE initiating reestablishment towards a prepared cell. However, as the UE is not aware of which cells have been prepared this information cannot be used by the UE during the RRC connection re-establishment procedure and can therefore only rely on cell selection procedure to find the best cell.
3.1.1

Indicating list of prepared cells to the UE

In order to help the UE to speed up possible re-connection in the selected cell in order to shorten the outage time for user it is also possible to combine network assistance and existing cell selection or RRC connection re-establishment procedure. The proposed improvement in [6] is to allow the network to inform the UE of the list of cells that have been prepared to assist the UE in the RRC connection re-establishment. 
One approach is to use the list of prepared cell(s) such that based on whether the selected cell is on the list of prepared cells the UE would perform connection re-stablishment (when the cell is on the list UE initiates RRC connection re-establishment) or RRC connection establishment (when the cell is not the list). This would enable skipping the RRC connection re-establishment procedure in those cases where it is known that the cell is not prepared. Similar approach can likely be used also with carrier, i.e. UE is indicated that all cells in a carrier are prepared.
The results in [6] show that already by indicating a single prepared cell to the UE, the performance is considerably improved, if the UE always initiates re-establishment towards this cell, when this is a suitable cell, as compared to the cases where the UE is not informed of the prepared cell. The simulation results show that preparing a single cell and informing the UE of the prepared cell provides better performance than when preparing up to 5 cells of which the UE is not aware of.
In previous contributions we have assumed that when selecting a cell indicated as prepared the UE only verifies that it is still a suitable cell. This allows for selecting a cell that is much worse than the strongest cell, which can be harmful especially in uplink. For this reason, we think it would be good to have network control when the UE is allowed to select non-strongest cell: The network could indicate that the RSRP of the prepared cell must not be lower than a threshold than the strongest detected cell for UE.
This solution requires the following changes:
· A means for the network to signal to the UE the list of cells that have been prepared. The lifespan of a signalled list of prepared cells is until the UE establishes connection in another cell by handover or re-establishment, or the UE enters RRC IDLE.
· An optional change of UE behaviour: If the following conditions apply for a cell signalled to the UE in the prepared cell list: 
1) The considered cell is a suitable cell
2) RSRP(considered cell) + Threshold > RSRP(strongest cell).

If both of these conditions are fulfilled, UE can initiate RRC connection re-establishment towards a cell in signalled prepared cell list. If the cell is not in the prepared cell list, the UE can initiate RRC connection establishment towards the selected cell.
We note that the proposals in [6] for signalling a list of prepared cells is based on support of the current option of preparing multiple cells, although simulation results indicate that there is little need for preparing multiple cells. The re-establishment success rate when preparing a single cell and informing the UE is, assuming that the UE applies this information, as good as when preparing 5 cells without informing the UE, as noted above.  However, since preparing multiple cells is allowed already now, we think it would be good to allow such information to be passed to the UE.
Observation 1: To achieve an increased likelihood of RRC connection re-establishment success, the UE may apply the knowledge of the signalled list prepared cells to select one of the prepared cells.

Proposal 2: RAN2 should adopt signalling of a list of prepared cells to the UE as a re-establishment improvement for Hetnet mobility WI.
3.1.2

Indicating list of preferred frequencies to the UE
In [7], the following is mentioned of the proposal to modify UE behaviour of where to initiate cell search by indicating which frequencies are to be prioritized to be used for initiating UE cell search for re-establishment purposes:

So we consider a network assisted cell selection at reestablishment could be beneficial from both UE and network point of views. The network can provide the assistance information for cell selection by indicating:
-
The list of carrier frequencies the UE should perform the cell search (possibly in priority order)

-
The list of carrier frequencies the UE should avoid searching (to avoid the frequencies which do not have coverage for the UE)

-
Indication of whether the UE should try directly searching for other RATs, and in this case which RAT/frequency the UE should start cell selection 

This information is provided to the UE after the initial connection setup when UE enters a cell and can be updated during the connection in the same cell or when the UE enters a new cell via handover or connection reestablishment. When the UE goes to idle, the normal cell selection behaviour will apply instead. 

In a sense, the cell search procedure is modified here with additional frequency priorities, i.e. indicating where the UE should prioritize its searches. The principle seems similar to dedicated frequency priorities, except that the information is provided already in RRC_CONNECTED. 

We note that no performance results of this scheme have been shown so far in RAN2. 

3.1.3
Commonalities between the previous approaches 
The difference between the proposal in 3.1.1 and 3.1.2 is that the proposal in 3.1.1 indicates the cell list (or carrier) to use duringfor RRC connection re-establishment, whereas the proposal in 3.1.2 indicates a frequency list where the cell search should or should not be prioritized. Since both approaches try to accomplish a similar thing (i.e. improve the odds of UE selecting a prepared cell) it would likely be possible to combine both approaches.

Observation 2: Combining approaches in sections 3.1.1 and 3.1.2 would mean NW can indicated both prepared cell list as well as frequency priorities to UE for RRC connection re-establishment purposes.
3.2
Early T310 termination 

In the chairman’s minutes, the following conclusions were made concerning the early T310 termination:

=>
A too short T310 value seems to increase the false alarm rate

=>
A too long T310 value may increase the outage time

-
Chairman thinks that the feature is not very complicated. So, maybe the bar for introducing it is not too high. 

-
QC thinks we could consider that the target cell is always prepared or can prepare itself by context fetch. 

=>
Can be discussed further based on the observations and discussions

=>
Should consider how many changes would be required in implementations (and specifications)
The benefit of this solution would be to allow UE to initiate re-establishment faster, i.e. indicate to UE that it can start re-establishment in certain conditions. As has been noted previously, this could be possible by parameterising T310 differently, but the cost of doing that could be increased RLF declarations in real networks. 

Finally, it seems that the performance benefits of this solution are tied to having the target cell prepared, and in that sense, this solution is complementary to the solutions in section 3.1. 
Observation 3: The mobility robustness gains of the early T310 termination are tied to assumption of the re-establishment cell being always prepared.

Proposal 3: RAN2 to consider T310 termination if it can be ensured that the re-establishment cell is always prepared.

3.3
Way forward with Re-establishment enhancements 

Considering the alternatives presented in previous sections, we see that both the network-based and UE-based solutions could be considered: The approaches considered in sections 3.1 would enable the solution in section 3.2.
Proposal 4: RAN2 should consider adopting both signalling of carrier assistance and list of prepared cells for improving the UE outage time in case of RLF.

Proposal 5: If proposal 4 is agreed, RAN2 should consider if T310 termination could be adopted to further improve re-establishment speed.

4
Conclusion
In conclusion, we made the following observation regarding the solutions considered in RAN2:

Observation 1: To achieve an increased likelihood of RRC connection re-establishment success, the UE may apply the knowledge of the signalled list prepared cells to select one of the prepared cells (when feasible).

Observation 2: Combining approaches in sections 3.1.1 and 3.1.2 would mean NW can indicated both prepared cell list as well as frequency priorities to UE for RRC connection re-establishment purposes.
Observation 3: The mobility robustness gains of the early T310 termination are tied to assumption of the re-establishment cell being always prepared.

Based on these, as per the SI conclusions, we think that any solution should improve the mobility performance in Hetnet. Out of the proposals considered here, the network-assisted re-establishment has been shown to provide better mobility performance (in [6]). Therefore, we propose that RAN2 adopts at least that for improving Hetnet mobility performance. 

Proposal 1: RAN2 should only consider re-establishment enhancements whose performance has been evaluated during the SI or WI phase.

Proposal 2: RAN2 should adopt signalling of a list of prepared cells to the UE as a re-establishment improvement for Hetnet mobility WI.

Proposal 3: RAN2 to consider T310 termination if it can be ensured that the re-establishment cell is always prepared.

Proposal 4: RAN2 should consider adopting both signalling of carrier assistance and list of prepared cells for improving the UE outage time in case of RLF.

Proposal 5: If proposal 4 is agreed, RAN2 should consider if T310 termination could be adopted to further improve re-establishment speed.
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