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1 Introduction
During RAN2#83Bis meeting, the following was agreed [1]:

	Agreements
1a
The UE reports an indicator of availability of visited cell history

1b
The UE reports the mobility state estimated by MSE if MSE was configured

2
The network may retrieve the visited cell history upon receiving the indication (1a)

3
The visited cell history comprises cells visited while the UE was IDLE

FFS whether the visited cell history comprises cells visited while the UE was CONNECTED

4
The visited cell history comprises time of stay and physical cell IDs of the visited cells 

FFS what the granularity of the time information is

FFS how many cells the history information should cover and whether the NW can request the number it would like to be reported. 


In this contribution we present our views on when, how and what information should be reported. These details would be useful to start stage-3 work.   

2 Background  
There are several use cases in which network decision making can be assisted if the UE provides the mobility information during RRC connection establishment. These use cases include but not limited to: avoiding offload of fast moving UEs to pico cell in HetNet environment, configuration of RRC Inactivity timer/ DRX configuration based on mobility, estimation of mobility state at the network, fast synchronisation of mobility state estimate between UE and network. There is common understanding in RAN2 that the above use cases can be addressed with the mobility information and hence RAN2 agreed to provide this information in two steps (1a and 1b). However, some discussion on when, how and what information should be reported would be useful to start stage-3 work.   
3 Discussion
The mobility state parameters are currently signalled in SIB-3 for RRC_Idle MSE and in measurement configuration for RRC_Connected MSE. These parameters belong to an optional information element (IE) such that the UE performs the MSE and related actions only when the network configures the parameters. According to agreement 1b, UE provides the MSE performed during idle mode if the network has configured the mobility state parameters. As the RRC Connection Request message is size critical it is not reasonable to include the MSE in this message. Currently the MSE is classified as normal (slow), medium and high (fast). There would be no change to the MSE classification even if the MSE is enhanced based on weighted counting which is been discussed under UE based solution for mobility robustness. Whether it is Rel-8 MSE or enhanced MSE (e-MSE), it would incur just two bits signalling overhead so it makes sense to report MSE in the RRC Connection Setup Complete message. According to agreement 1a, UE also indicates the availability of visited cell history information. Since this is just 1 bit, it can also be included in the RRC Connection Setup Complete message along with the MSE.
Proposal#1: Coming from idle mode, UE provides the MSE if the network has configured the mobility state parameters and indication of availability of cell re-selection history information in RRC Connection Setup Complete message.

It is common understanding that in HetNet environment the MSE will be erroneous in a known direction. It will never indicate normal (slow) if it was actually fast moving UE. If the reported MSE is normal (slow), network may trust the UE and there may be not need to request the cell re-selection history information. During eMTC discussion it was common RAN2 understanding that for radio signalling overhead, for stationary or slow moving UEs the most efficient solution is to keep the UE in connected mode [2]. Hence, this use case requires a mobility state estimate classified as stationary or normal (slow), which can be adequately addressed by the reported MSE. During the SDDTE evaluation, several companies proposed to provide UE assistance information indicating that the UE is stationary in the context of "Core Network assisted eNB parameters tuning for small data transfer" SDDTE solution. The intention of the proposal was to address the configuration of RRC Inactivity timer/ DRX configuration based on mobility. However, due to lack of time the usefulness and feasibility was not discussed extensively and left FFS as indicated in the reply LS to SA2 [3]. The two bit MSE field has a spare code-point which could be potentially used to indicate that the UE is stationary. However, this could be discussed further during the potential work item on MTCe.  

Observation#1: The spare code-point from the two bit MSE field could be potentially used for indicating that the UE is stationary.  

When the UE reports medium or high then:

i) for the use case of avoiding offload of fast moving UEs to pico cell in HetNet environment,

ii) or for the use case of not keeping the UE in connected mode in context of SDDTE
an accurate MSE estimate is needed. In such a scenario the network may retrieve the cell re-selection history if the UE includes the availability indication in RRC Connection Setup Complete. The network may then retrieve the history information using the UEInformation procedure carried over SRB1 as proposed in [4]. Regarding the issue when should the UE provide the idle mode cell re-selection history information, the RRCConnectionReconfiguration message contains the measurement configuration for handover evaluation as well as the DRB configuration. Therefore, it seems most logical if the UEInformation procedure is performed before the RRCConnectionReconfiguration message and after the RRCConnectionSetupComplete message as proposed in [4], [5].  

Proposal#2: The UEInformation procedure for retrieval of idle mode cell history re-selection can be carried over SRB1 and performed before the RRCConnectionReconfiguration message and after the RRCConnectionSetupComplete message.
Regarding the open issue of how many cells the history information should be reported, it has been shown in [4] with 8 cells reported the network can make a reliable estimate of mobility state in both macro only as well as HetNet environment. However, the analysis is based a simple mathematical model assuming circular cells and no change in UE speed. In real deployments cells are not circular and UE actual speed keeps on changing. As proposed in [5], the network requests the number of cells to be reported depending on deployment scenario and network intelligence which provides both flexibility and reduction in signalling overhead. 
Proposal#3: The number of cells to be reported for idle mode cell re-selection history can be requested in the UEInformationRequest message.   

The design of the history information can be similar to the UEHistoryInformation which is used in S1 and X2, consisting of cell IDs and dwell times in those cells as proposed in [6]. The physical cell ID is 9 bits. Regarding the open issue on dwell time granularity both [6] and [7] propose 1s resolution. In case of UEHistoryInformation the dwell time is 12 bits which would result in time of stay ranging 1 to 4096s almost more than an hour. As argued above network would request the history information only when the UE reports MSE as “medium” or “high” since it would be inaccurate in HetNet environment. In general UE speed in the range of 30 Km/hr to 60 Km/hr is considered medium and any speed above 60 Km/hr is considered high. Following table shows the time of stay of the UE for 30 Km/hr, 60 Km/hr and 90 Km/hr for different site-to-site. The UE trajectory along the site-to-site distance is the maximum distance the UE crosses when cell re-selection would occur. Any other linear trajectory would result in a small time of stay in each cell during cell re-selection. In reality the UE trajectory is not linear in most cases and a time of stay four times of 240s i.e 960s which corresponds to 30 Km/hr and 2000m site-to-site distance should be sufficient to represent the maximum dwell time. With 1s resolution this would then result in 10 bit representation corresponding to range of 1 to 1024s i.e more than 15 minutes. Therefore each cell with 9 bits cell ID and 10 bits dwell time would result in 19 bits overhead. For 8 cells history information the overhead would be 152 bits compared to 168 bits with 12 bit representation of dwell time. This is approximately 10% saving in signalling cost. 
	         Site-to-Site      

            distance      

UE speed
	100m
	500 m
	1000 m
	2000 m

	
	Time of Stay (s)

	30 Km/hr (8.33 m/s)
	12
	60
	120
	240

	60 Km/hr (16.66 m/s)
	6
	30
	60
	120

	90 Km/hr (25 m/s)
	4
	20
	40
	80


Proposal#4: The idle mode cell re-selection history information consists of a list of cell IDs and dwell time in each cell. The dwell time can have a granularity of 1s represented with 10 bits covering the time of stay span up to 1024 s.
In RAN2#83bis meeting only the retrieval of idle mode visited cell history information was agreed. Whether the visited cell history should also cover the connected mode is FFS. When the UE will stay in idle mode for considerable longer period of time the idle mode cell re-selection history information is sufficient. However, for a UE doing frequent idle to connected transition, the network would have to rely on MSE. However, it can be argued that slow moving UE may not experience frequent idle to connected transition based on the RAN2 discussion on SDDTE for signalling overhead reduction. On the other hand if the UE reports “medium” or “high” MSE it should be sufficient for the network to deduce that the UE is not slow moving. This would be sufficient for the use case of avoiding offload of fast moving UEs to pico cell. However, if the use case is related to configuration of RRC idle timer or DRX value then a more accurate estimate would be needed. There have been discussions during SDDTE evaluation that eNB can provide assistance information to be cached at MME while going from connected to idle. The network estimated cached MSE can be useful for handling the scenario where UE undergoes frequent idle to connected transition. As a UE vendor to reduce UE complexity we would prefer only the idle mode cell re-selection history information to be reported during RRC connection establishment.
Observation#2: There seems less motivation to provide the visited cell history information while the UE was connected. Also, there are other alternatives to decide the mobility state when the UE undergoes frequent idle to connected transitions.
Proposal#5: The visited cell history comprises cells visited while the UE was IDLE seems sufficient.

4 Conclusions
We conclude the contribution with the following observations and proposals
Observation#1: The spare code-point from the two bit MSE field could be potentially used for indicating that the UE is stationary.  

Observation#2: There seems less motivation to provide the visited cell history information while the UE was connected. Also, there are other alternatives to decide the mobility state when the UE undergoes frequent idle to connected transitions.
Proposal#1: Coming from idle mode, UE provides the MSE if the network has configured the mobility state parameters and indication of availability of cell re-selection history information in RRC Connection Setup Complete message.

Proposal#2: The UEInformation procedure for retrieval of idle mode cell history re-selection can be carried over SRB1 and performed before the RRCConnectionReconfiguration message and after the RRCConnectionSetupComplete message.

Proposal#3: The number of cells to be reported for idle mode cell re-selection history can be requested in the UEInformationRequest message.   

Proposal#4: The idle mode cell re-selection history information consists of a list of cell IDs and dwell time in each cell. The dwell time can have a granularity of 1s represented with 10 bits covering the time of stay span up to 1024 s.
Proposal#5: The visited cell history comprises cells visited while the UE was IDLE seems sufficient.
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