3GPP TSG-RAN WG3 Meeting #76
R3-121297
Prague, Czech Republic, May 21-25, 2012

Agenda item:
11.2
Source:
Ericsson
Title:
Analisys and description of a solution for HetNet MRO 
Document for:

Discussion, Approval
1 Introduction

Several HetNet MRO proposals have been discussed during the previous RAN3 meetings and during the RAN3 #75-bis meeting, the different proposals have been captured under seven solutions, and the following way forward has been agreed upon [1]: 

· The decision on the eNB responsible for the failure is to be based on Tstore_ue_cntxt, as in Rel.9 and Rel.10.

· The RLF Report, provided from the UE needs to be updated with additional information.

· The HO REPORT message needs to be updated with additional information that is not available at the eNB responsible for the failure

· The information about failure context, available at the eNB responsible for the failure, is to be retrievable.

In this contribution, as requested in [1], we compare the seven different solutions that are being discussed and their sub variants and propose the best solutions to fulfil the aforementioned way forward and provide a complete end to end MRO solution.

2 Solutions to realize way forward
To recap, these are the different solutions that are currently being discussed [1]:

1)
Propagate UE RLF report in HO REPORT message

2)
Use Token/HO identifier


 a) 
Token/HO identifier sent by the network to the UE or the HO target, and collected back by the network in the UE RLF Report, or retrieved from the UE context

 b)
Token/HO identifier sent by the network to the UE and collected back by the network in the UE RLF Report; the eNB retrieving the RLF Report performs the MRO analysis and based on the outcome informs directly the “guilty” eNB about the problem.

3)
Add CRNTI (and other required information if any) in UE RLF Report (and HO Report) to allow at the eNB matching of stored UE contexts to failure events 

4)     
Add UE History IE to the HO report


a)
Add speed information in the UE History 
5)
Let UE report the root reason for the failure

6)
Add the indication whether the UE is configured with bias or not in UE RLF Report

7)
Use the UE mobility state
In the following sections, we discuss and compare these solutions based on the different requirements identified in the way forward (i.e. RLF report enhancement, HO report enhancements and UE context retrieval). It has to be noted that the requirements identified in [1] cannot all be addressed by choosing one of the solutions in the list above and would need to require support for a number of solutions currently available.
RLF report enhancement
The RLF report provides the information that is readily available at the UE also to the network. By including extra information than the currently standardized one, one can facilitate intelligent MRO decisions by the network. Solutions 5, 6 and 7 fall under this category.
Adding the root failure cause in the RLF report (Solution 5) will help the source eNB to correctly diagnose the failure. For example, it is already supported to include a course range of failure causes in RLF Report for Rel10 UEs (i.e. HOF or RLF). With this information an eNB is able to tell whether the failure was due to HO command not received or whether the failure occurred after HO command was received.

However, only 3 root cause failures can be currently flagged by the UE during connection re-establishment, namely reconfigurationFailure, handoverFailure, and otherFailure. Out of these only two root cause of failure can be flagged in an RLF Report, i.e. RLF or HOF. This means all failures that don’t fall under the reconfiguration or handover failure are reported as other failures. Nonetheless, these other failures can be due to different reasons. For example, currently the following failures are reported as otherFailure in RRCConnectionReestablishment or a RLF in RLF Report:

· Random access problem

· Maximum number of RLC retransmission reached

· Integrity check failure

However, these different failures might need different corrective actions to be opportunely addressed. Hence, it could be important to introduce additional failure causes that correctly pinpoint the problem.

The inclusion of the UE mobility state estimation (Solution 7) will give the source eNB the opportunity to identify if some of the mobility problems are due to a mismatch between the mobility state estimations performed by the UE and the network. For example, the mobility failure could be due to an incorrect estimation by the UE of its mobility state, which could have resulted in inappropriate scaling of some handover parameters such as TTT. As such, it will not be optimal if MRO adjustments are made on the bases of this failure because such adjustments would affect the behaviour of all UEs (even those performing estimations in line with the network expectations). As this is due to a particular (set of) UE’s estimation inaccuracies the network should be aware of how to distinguish this case.
The inclusion of whether the UE is configured with a CRE bias or not (Solution 6) will help the source eNB identify whether the source of the problem was an improper handover setting or too aggressive CRE settings. However, the current agreement is to make use of the UE context information (as mentioned in the agreed upon way forward in Section 1) and the mobility setting in the UE context should already contain this information. Also, measurement reports included in the RLF report can shed light on whether aggressive CRE bias was used or not (for example, by looking at the signal levels of the serving and target cells before the failure occurred).

Considering the above reasons, we propose:

Proposal 1: RAN 3 to adopt solutions 5 (include root failure case) and 7 (use UE mobility state) for enhancing the RLF report.

Proposal 2: RAN 3 to discuss and define additional failure cause values that will help in accurate diagnosis of mobility failures.

HO report enhancement

The HO report propagates failure related information towards the source eNB, which will help in the correct failure diagnosis especially in cases where the failure occurs across three eNBs and the sirst source eNB has to run the MRO evaluation. Thus, it is beneficial to include all the relevant information in the HO report. This is addressed by Solutions 1 and 4.

The inclusion of RLF report in the HO report (Solution 1) will enable the source eNB to have important information such as measurement on last serving cell and neighbour cells (which for example could be used to identify CRE related issues), speed (if the UE included it in the RLF report), time from connection failure (that will provide an indication of how stable the UE permanence in the CRE area is or it could provide indications on speed related failures), that will lead to more accurate MRO diagnosis and corrective actions.

The aim of adding the UE History Information in the HO Report (Solution 4) is to provide the source eNB with information that it can use to estimate the UE’s speed and then infer if the handover failures were due to the UE moving at high speed (for example, if a very fast UE is handed over to a small cell). However, as heavily discussed in RAN2, speed estimation via UE history is very inaccurate, especially in a HetNet setting. Even if the speed was accurate enough, the best time to use it would be for preventive actions (i.e. not to handover high speed UEs to small cells) rather than reactive action (i.e. after the eNB determined that the mobility failure was due to high UE speed). Hence it is suggested that a preventive approach is used instead of speed estimation via UE History Information after a failure occurred. The preventive approach is discussed further in section 3.

Considering the above reasons, we propose:

Proposal 3: RAN 3 to adopt Solution 1 (include RLF report in HO report) for enhancing the HO report.

Context retrieval
The retrieval of UE context will enable the MRO to use additional information associated with the UE, such as UE capability, mobility settings, possibly speed, etc. This information can be very useful in ensuring that a failure due to a particular UE settings will not result in the changing of handover parameters for all UEs. Solutions 2 and 3 address this issue.
By using HO Tokens/Identifiers, Solution 2, tries to use a minimalist approach to the use of UE contexts. That is, instead of storing the whole context, the UE context will be categorized under different mobility classes such as fast moving UE, high offset CRE UE, etc, and this category (Token or ID) is communicated during HO between peer eNBs and later on reported back to be used for corrective decisions. The problem with this approach is it is very coarse. It will be difficult to come up with different comprehensive categorizations. For instance, a certain UE can belong to different categories, making it difficult to associate such UE with one HO Token/Identifier (a high speed UE can be also a high offset CRE UE). On top of that, the HO Token/Identifier is understood only by the node that generated it, and as such inter-vendor operability can not be guaranteed. 
On the other hand, the C-RNTI approach (Solution 3), uses a standardised approach that all eNBs (regardless of their vendors) could understand and also there is no problem of proper categorisation as all the detailed information about the UE’s settings and capabilities are available in the stored UE context. Alternatively, if minimisation of stored information wants to be achieved, the C-RNTI approach could be implemented in a way where the C-RNTI could point simply at a handover class (e.g. similar to the token concept).
Solution 3 may also be extended in a way to allow C-RNTI inclusion in HO signalling. This would allow retrieval of UE context also in the node receiving the HO Command, provided that the C-RNTI is opportunely included in that message.

Considering the above reasons, we propose:

Proposal 4: RAN 3 to adopt Solution 3 (add CRNTI in the RLF/HO report) for UE context retrieval. 

3 Preventive approach
The solutions discussed in Section 2 can all be considered as reactive approaches (i.e. measures will be taken based on already occurred mobility failures so that future failures are minimized). A complementary enhancement to these could be a preventive approach where relevant information is made available either at the source or target eNB before final handover decisions are made. One such information is the UE speed at the time of handover, which could be included in the UE History Information (Solution 4a). 

If the estimated UE speed is included in the UE History, then the target eNB will be able to understand what the approximate speed is for the UE and whether preventive actions need to be taken immediately or not. The UE speed might be estimated by the serving eNB in a number of different ways such as:

· Estimation from past handovers to other cells (also by means of extra neighbour cell information such as cell size, Tx power and location configured via OAM). 

· Estimation via eNB-internal processes. 

· Estimation by means of UE measurements

The speed estimation passed via UE History Information may be also stored in the UE Context in order to support diagnosis of eventual future failures. 

Is shall be noted that such speed estimation needs to be supported even in case of reactive solutions. In fact, if a reactive solution is adopted, failure statistics due to high speed UE failures will be collected. The most likely corrective action MRO could apply is that whenever UEs moving at a speed formerly subject to failures are monitored, then an optimised mobility policy shall be applied. However, this implies that the eNB is going to estimate UE speed before applying the optimised policy. Therefore, estimating speed at the eNB would not add extra complexity to the MRO solution.
Finally, it has to be noted that the conclusions in TR36.839 v0.5.0 capture the following:

The following observations are made from the overall calibration simulations:

1) 
Results indicate that handover performance in HetNet deployments is not as good as in pure macro deployments

2) 
For low mobility UEs (i.e., speed < 30km/hr), no significant problems have been observed in terms of HOF and loss of connectivity (some issues with Short ToS have been identified).
Therefore an eNB-internal speed estimation would not need to return the exact UE speed, but only to assess if the UE is moving at a speed higher than a certain critical value, for example 30 Km/h.

Proposal 5: As a form of preventive action against mobility failures, it is proposed to use Solution 4a (include speed information in the UE History).
4 End to End solution

As explained in section 2, fulfilment of the requirements outlined in [1] would need the endorsement of a number of solutions out of the list given above. In this section, and based on the analysis so far provided, an end to end MRO solution for HetNet is shown, as presented in Figure 1.
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Figure 1: End to end HetNet MRO solution including selected solution proposals currently available

Note: depending on the possible implementation of Solution 3, the C-RNTI may be also forwarded as part of the HO signalling to target eNB and used to retrieve the UE context (or handover class) if included in HO Report (i.e. retrieval of UE context or HO class at eNB2 after message 9)
The message sequence chart in Figure 1 is aimed at providing an overall view of how the solutions selected after the analysis carried out in section 2 and 3 can work together.
Proposal 6: It is proposed that the procedures outlined in Figure 1 are used as baseline for discussions on the exact end to end solution to be endorsed by RAN3.
5 Conclusions

In this contribution, we have analysed and compared the different MRO solutions that are being discussed in RAN3 under the light of the agreed upon way forward and we propose:
Proposal 1: RAN 3 to adopt solutions 5 (include root failure case) and 7 (use UE mobility state) for enhancing the RLF report.

Proposal 2: RAN 3 to discuss and define additional failure cause values that will help in accurate diagnosis of mobility failures.

Proposal 3: RAN 3 to adopt Solution 1 (include RLF report in HO report) for enhancing the HO report.

Proposal 4: RAN 3 to adopt Solution 3 (add CRNTI in the RLF/HO report) for UE context retrieval. 

Proposal 5: As a form of preventive action against mobility failures, it is proposed to use Solution 4a (include speed information in the UE History).

Proposal 6: It is proposed that the procedures outlined in Figure 1 are used as baseline for discussions on the exact end to end solution to be endorsed by RAN3.
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7. RRC: RLF Report (Root Cause of Failure, Mobility State Estimation, C-RNTI)
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