3GPP TSG RAN WG2 Meeting #83bis
     R2-133439
07.10. to 11.10.2013, Ljubljana, Slovenia
Agenda Item:

7.1.1.2
Source: 
Huawei, HiSilicon
Title: 
Solution to improve the observability of UE based MSE
Document for:
Discussion and Decision
1 Introduction
On the last meeting, it was agreed to continue evaluating UE based solutions for HetNet mobility enhancement. And it is obvious that many UE based solutions on the table (e.g. the proposals in [1]

 REF _Ref367538902 \n \h 
[2]

 REF _Ref367538904 \n \h 
[3]

 REF _Ref367538907 \n \h 
[4]

 REF _Ref367538908 \n \h 
[5]

 REF _Ref367538910 \n \h 
[6]

 REF _Ref367538911 \n \h 
[7]) have dependency on UE based MSE of R11. 

However, some concerns on UE based MSE were also expressed in the online discussion of the last meeting as following [8]:

Ericsson thinks that NW based solutions have the benefit that the behaviour is predictable and that the NW can detect easier the cause of failures if it knows which parameters were used. NSN wonders whether this implies that we might not use the existing MSE based scaling of parameters since it makes the UE behaviour less predictable and observable. Ericsson has indeed some concerns about this observability and thinks that it may get worse if more parameters are scaled by the UE.  
And it can be seen that these concerns actually point to a problem existing in UE based MSE. The contribution reviews the mechanism of R11 UE based MSE, analyzes the problem related to those concerns on UE based MSE, and provides a solution to solve the problem.
2 Discussion
2.1 R11 UE based MSE
In R11 UE based MSE [9], the network pre-configures some parameters to a UE, and these parameters include two time periods (i.e. t-Evaluation and t-HystNormal), two handover counter thresholds (i.e. n-CellChangeMedium and n-CellChangeHigh), and two scaling factors (i.e. sf-Medium and sf-High). 

Then the UE counts handovers in one of the time period in order to judge whether the total number of handovers in the period exceeds one of the handover counter thresholds, and in order to decide a mobility state (i.e. normal, medium or high) depending on the judging result. 
Finally based on the decided mobility state the UE chooses one of scaling factors to scale TimeToTrigger and uses the scaled TimeToTrigger in afterwards measurement reporting. For instance, if the UE decides it own mobility state as high, then the UE will use the scaling factor sf-High to scale TimeToTrigger down, and this will speed up the reporting of its measurement, win more time for the handover preparation, and thus increase the success rate of handover.

2.2 Problem in R11 UE based MSE
Since the mobility state is decided and maintained by the UE itself, it is impossible for the network to deduce what the UE decided mobility state is at a specific time point. This will not cause any problem at most of time since the network does not need to know that and the mobility state is only used by the UE. 

However, when a mobility failure (i.e. RLF or handover failure) happens it becomes necessary for the network to get to know the UE decided mobility state. This is because the network must know the exact TimeToTrigger used by the UE just before the failure in order to check out the possible cause of the failure, and since UE will use different TimeToTrigger based on the mobility state decide by itself, if the network wants to know what exact TimeToTrigger the UE takes into use, it must get to know what exact mobility state the UE decides for itself.

Below is an example to further describe why it is necessary for the network to get to know the mobility state decide by UE when mobility failure happens. 
A fast moving UE 1 decides itself in high mobility state and a slow moving UE 2 decides itself in normal mobility state, therefore UE 1 uses the sf-High to scale down the TimeToTrigger and takes the scaled TimeToTrigger into use, and UE 2 does not make any scaling on the TimeToTrigger and directly takes the original TimeToTrigger into use. 

Unfortunately, both UEs encounters mobility failure afterwards, and the failure of UE 1 is handover too late and the failure of UE 2 is handover too early. The definition of handover too late and handover too early can be found in [10]. Because the network does not know the mobility states separately decided by the two UEs, the failures can make the network quiet confused since it seems that the failure of UE 1 is caused by a too big TimeToTrigger and calls for a new smaller TimeToTrigger, but the failure of UE 2 is caused by a too small TimeToTrigger and calls for a new bigger TimeToTrigger. 

On the contrary, if the network knows the two UEs’ mobility states, then it can deduce that the failures may result from a too small TimeToTrigger and a too big sf-High. And by adjusting the TimeToTrigger to be bigger and the sf-High to be smaller, the network can reduce the possibility that two kinds of failure happen again.

Observation: The network needs to know the mobility state decided by UE based MSE when mobility failure happens.

2.3 Solution to solve the problem

There is one thought that the network can deduce the mobility state decide by UE through the UE history information, which is transferred on the X2 interface between eNBs. However, this does not work for the following reasons: 

· In UE based MSE, the network only configures to the UE the time periods (i.e. t-Evaluation and t-HystNormal) used to estimate mobility state, but does not specify how the UE to implement these time periods and all of this is left to UE implementation. For example, the UE can use some timers to implement the time periods and recount handover number only after the timers expire and restart. And the UE can also use some sliding windows to implement the time periods, in other words, the lengths of the sliding windows equal to the lengths of the time periods and the UE may slide the windows after each handover. Different implementations may cause different estimated mobility state even they all operate on a same segment of the UE handover history, and the network cannot know the mobility state estimated by the UE since it does not know how the UE estimates it.

· The mobility state decided by UE based MSE of course depends on the handover history of the UE. The length of handover history that the UE maintains and operates MSE on is also implementation specific. From the UE history information in the network, only partial handover history can be gotten since the length of UE history information is limited to 16 handovers and the record of latest handover will kick out the record of oldest one if the list is full. Therefore the network and the UE may have a different view on the handover history of the UE, and this prevents the network from knowing the mobility state decide by the UE.

· The mobility state decided by UE based MSE depends also on the values of control parameters (i.e. t-Evaluation, t-HystNormal, n-CellChangeMedium and n-CellChangeHigh) preconfigured by the network. In a handover, the source eNB will transfer all the parameter to the target eNB, but not as the part of the UE history information. Therefore the current serving eNB of the UE may know the control parameters configured by the previous serving eNB, but it cannot know the parameters configured by the previous previous serving eNB. Lacking of the information, the current serving eNB has difficulty in deducing the mobility stated decide by the UE.

A more straightforward solution is letting the UE report the mobility state used when the mobility failure is happening. And the UE can store the mobility state if mobility failure happens, and reports it to the network when it gets connected again with the network. The mobility state is just like the information included in RLF report which is already specified for SON and is also used by the network to debug failures, thus it can be regarded as one part of the RLF report and be sent in the UEInformationResponse message together with other existing information in the RLF report. And since only three mobility states need to be distinguished, two new bits are already enough.

Proposal: UE reports the mobility state used when mobility failure happens as one part of RLF report in UEInformationResponse message.
3 Conclusion
This contribution analyzes one problem of R11 UE based MSE, and gives a solution to solve the problem. This solution improves UE based MSE of R11, and more important it also brings benefits to any other UE based solutions which have dependency on UE based MSE.
Proposal: UE reports the mobility state used when mobility failure happens as one part of RLF report in UEInformationResponse message.
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