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Discussion and decision
1 Introduction

This paper discusses the measurement of home & private eNBs, focussing on the AS- related aspects. One of the main aspects considered is how to avoid unnecessary measurements, both in idle and connected.

2 Discussion
2.1 Scenarios

For home/ private eNBs the following scenarios have been suggested:

1)       Same carrier as operator (macro) cells;

2)       Different operator carrier

3)       Unlicensed band

Our assumption is that the UE should always be on the best cell on the frequency, since otherwise the UE could cause excessive interference towards the cells that are better from a radio link quality perspective. Hence it seems difficult to support scenario 1). Correspondingly, in this document we focus on the case in which a different frequency is used for home/ private cells.
2.2 Mobility measurements & control
2.2.1 Idle mode mobility
Avoiding measurements
Operators have expressed a desire to avoid measurements of home/ private cells the UE is not allowed to access anyhow. As mentioned before, our assumption is that the UE should always be on the best cell on the frequency. This implies that the UE has to measure all cells on a frequency and that the only remaining possibility is to avoid measurements of the frequency used for home/ private eNBs altogether.

So, in our understanding, the main questions is how to ensure the UE measures the frequency used for home/ private eNBs only when needed. Since this information is UE-specific, something is needed in addition to the broadcasted neighbouring cell information. The solutions need to include two elements:

· Configuration of the frequency used for home/ private cells

· This could either be broadcast, provided via dedicated signalling or configured on the SIM

· The frequency has to be broadcast assuming that specific cell reselection parameters are needed, biassing the frequency used for home/ private cells. This option is simple (just requiring a flag in the neighbouring frequency list), assuming there is no need to support more than one frequency
· Configuring when to measure the home/ private frequency

· Measurement should be activated when the UE is ‘near’ the home/ private eNB.

· The ‘nearness’ detection could either be performed by the UE- or by the network

· In the network based approach, ‘near’ is assumed to correspond with TA boundaries because (TA update) signalling is needed to communicate the network decision. An example of the network based approach is that the UE starts measuring when the network has included the ‘home/ private TA’  to the UEs multi- TA list

· UE- based mechanism could be more location- specific e.g. based on geographical coordinates. Such a mechanim can be considered as a UE implementation option (for improming battery lifetime)
Note
Operators may not always want to avoid the TA update when moving between public and home/ private cell. When not using this, the MME will not (dynamically) add the home TA to the UEs multi- TA list. An alternative network trigger option could be use use a dynamic whitelist i.e. when entering the overlapping TA the MME adds the ‘home TA’ to the UEs ‘whitelist’. This could be accomodated by the regular TA update accept e.g. with an additional flag indicating that the assigned home TA is not to be added to the multi- TA list but to the ‘whitelist’.
Instead of broadcasting the home/ private frequency, it may be possible to store the home/ private frequency (and possibly some other information e.g. the SCH-based identity) in the UE/ SIM. This option is possible only if common cell re-selection parameters (the bias/ offset) can be configured (also stored in the UE/ SIM) .

In summary our conclusions/ proposals are as follows:

1. To introduce a ‘home/ private’ flag in the neighbouring frequency list and

2. To use the network based approach as baseline e.g. the UE starts measuring when the network has included the ‘home/ private TA’  to the UEs multi- TA list
Measurement cell identification

The cell re-selection decisions are based on a number of subsequent measurements. It is important that the UE can be sure that the subsequent measurements concern the same cell. The measurements are based on the DL Reference Symbols (RS). It seems that both the scrambling code and hopping pattern, if applicable, of the DL RS depend on the SCH-based identity. Assuming that there are no means to prevent that adjacent home eNBs are time synchronised, in our understanding, this implies that for measurements to be succesful the SCH-based identity needs to be locally unique. The introduction of an additional identity on the BCH does not help to solve this problem and is hence not considered further.

As part of the self configuration, the home/ private eNB could perform a scan and allocate an ‘unused cell identity’. Alternatively, the eNB could or contact a coordinating entity in the network. It may be complex to design a reliable solution, but it seems difficult to avoid this kind of approach
In summary our conclusions/ proposals are as follows:

3. In order to measure neighbouring cells, the SCH-based identity needs to be locally unique i.e. from a measurement perspective, it is not useful to provide an additional ‘cell identity’ on the BCH

Access verification

The UE only need to verify accessibility for the best cell on the frequency. However, there may be many home eNBs near the user’s home eNB. Especially if the ‘nearness’ criteria is quite coarse, the UE may need to validate a large number of home eNBs.

To avoid that the UE has to acquire SU-1 for all these home eNBs, one could consider transmitting the PLMN identity, TA identity and the cell identity on BCH. This corresponds with an additional 54- 58b. The consequence would be that the BCH payload size for the home/ private eNB would be quite different: 78b or 60b (without PLMN identity) instead of 24b for a regular cell. As a result, the standard would have to support two different BCH configuration and/ or an optinonal S-BCH.

In summary our conclusions/ proposals are as follows:

4. For access verfication by idle mode UEs there seems insufficient justification to transmit PLMN identity, TA identity and the cell identity on BCH
 
Measurement of frequency used primarily by inaccessible cells, further details

When the measurements on the home/ private frequency are activated in a somewhat larger area like the overlapping macro TA, the UE will in most cases not detect the home/ private eNB. It seems desirable to avoid that the UE continously needs to check the frequency. In UTRA, the UE would consider the frequency as barred for 300s when the best cell is inaccessible. Also in this case, it seems appropriate to allow the UE to temporarily refrain from measuring. A mechanism based on re-selections seems inappropriate, because the size of the overlapping macro cells can be much bigger than the size of home/ private cells. Hence, a timer based mechanism similar to UTRA seems appropriate.
In order not to exclude location- specific UE implementation options, the best way forward seems to just specify a performance requirement i.e. when within the coverage area, the UE shall be able to detect a home/ private eNB within e.g. 300s.
The above implies that for home/ private cell, the cell re-selection process is specified somewhat differently compared to the cell re-selection for regular public cells.
In summary our conclusions/ proposals are as follows:

5. For a frequency used only for home eNBs, the UE action upon detecting that the best cell is inaccessible is specified indirectly i.e. by specifying a performance requirement e.g. that the UE shall detect a home eNB e.g. within 300s

Cell re-selection parameters

Operators have indicated they would like to stimulate UEs belonging to the AUG to re-select the home/ private cell. In case a specific frequency is used for home/ private cells, it will be sufficient to configure cell re-selection parameters biassing this frequency i.e. there is not need for specific procedures. As mentioned before, the alternative to store cell re-selection parameters in the UE/ SIM applies only if common cell re-selection parameters (the bias/ offset) are used.
In summary our conclusions/ proposals are as follows:

6. No special facilities are needed to stimulate UEs to re-select a home cell (covered by normal cell re-selection parameters)

2.2.2 Connected mode mobility
Avoiding measurements, nearness detection
In connected mode it is also desirable to activate the measurement of the frequency used for home/ private cells only when the UE is ‘near’ its home/ private eNB. The ‘nearness’ could be ‘coarse’ i.e. that measurements are activated whenever the network has included the ‘home/ private TA’  to the UEs multi- TA list. Alternatively, the ‘nearness’ could be finer e.g. based on overlapping cell identities or geographical coordinates.

Our assumption is that activation of the measurement of the frequency used for home/ private is network controlled. Due to this network control, UE implementation options are difficult to support. One possibility would be that the eNB explicitly grants the UE the option to restrict the measurement to a smaller area. So, altogether we see the following main options:

· The MME notifies the eNB if that the UE is near its home/ private TA (coarse nearness)

· The eNB activates measurements of the frequency used for home eNBs

· The eNB allows the UE not to perform these measurements when the UE, based on some UE implementation, knows it is not in the coverage area of the home eNB
· The UE notifies the eNB that it is near its home eNB (fine nearness)
· The eNB activates measurements of the frequency used for home eNBs

It is assumed that, to limit idle mode signalling, the MME should be able to detect that the UE is near its home/ private TA. Hence, this part of the first option can be regarded as the baseline solution. Furthermore, the first option has the advantage that further power saving options can be left to UE implementation.

Regardless of the granularity of the ‘nearness’ information, it is the MME that stores this information and informs the eNB that the UE enters connected mode in the vicinity of the home/ private eNB. The ‘nearness information’ is assumed to be forwarded upon handover.

Note
Preferably, the MME should preferably store the location information in an access network agnostic manner e.g. in the form of geographical coordinates or in the form of adjacent TA identities. Such formats are suitable for forwarding upon handover also.

The details of the ‘nearness’ information are assumed to be outside the scope of RAN2. A finer granularity does not seem needed if the UE is allowed to reduce the area in which the measurements are performed.
In summary our conclusions/ proposals are as follows:

7. The MME notifies the eNB if that the UE is near its home/ private TA (coarse nearness). The ‘nearness information’ is forwarded upon handover
8. The eNB allows the UE not to perform measurements on the ‘home frequency’ when the UE, based on some UE implementation, knows it is not in the coverage area of the home eNB (fine nearness)
Access verification

In UTRA, the UE may report a detected intra-frequency cell when in CELL_DCH by means of the cell’s scrambling code (that needs to be locally unique). In this case, the UE verifies the PLMN identity while UTRA verifies if the TA is forbidden for the concerned UE. 
It is desirable to avoid the reporting of a large number of inaccessible home eNBs. This can be achieved in two ways:

· By restricting the measurement to an area very close to the home eNB

· By only reporting cells the UE is allowed to access
As discussed in the previous, the first option could be left completely up to UE implementation. The second option has some standards impact since it requires the definition of new events:

· Best cell on the frequency is accessible i.e. the TA is not forbidden

· Best cell on the frequency is inaccessible i.e. the TA is forbidden
As mentioned before, with the second option it may be beneficial to provide the PLMN identity, TA identity and the cell identity on BCH. Assuming that this this information need not be read frequently (e.g. when the SCH-identity is stored in the UE), this does not seem justified considering the additional signalling overhead and the complexity of an additional BCH configuration.
Note
Our assumption is that for connected mode the UE need not perform the other ‘accessibility checks’ i.e. whether the cell is reserved for operator use. It is assumed that the E-UTRAN will handle this functionality
In summary our conclusions/ proposals are as follows:

9. The UE shall only report cells it is allowed to access i.e. the UE shall verify the accessibility (the TA)

· New measurement events may need to be defined for this purpose

· Also for this case, it does not seem justified to provide the PLMN identity, TA identity and the cell identity on BCH

3 Conclusion & recommendation
In this contribution we have discussed the use of home/ private eNBs. Based on our analysis we have identified the following proposals that RAN2 is requested to consider:

Measurements, idle mode

1. To introduce a ‘home/ private’ flag in the neighbouring frequency list

2. The UE measures the home/ private frequency only when the network provides a trigger e.g. when it has added the ‘home/ private TA’  to the UEs multi- TA list
3. In order to measure neighbouring cells, the SCH-based identity needs to be locally unique i.e. from a measurement perspective, it is not useful to provide an additional ‘cell identity’ on the BCH

4. For access verfication by idle mode UEs there seems insufficient justification to transmit PLMN identity, TA identity and the cell identity on BCH
5. Only a performance requirement is specified for re-selection to the home/ private cell i.e. when within the coverage area, the UE shall be able to detect a home/ private eNB within e.g. 300s
· This allows the UE to refrain from continuously measuring the home/ private frequency when in the TA overlapping with the home/ private cell. Alternatively, the UE can use location- specific UE implementation options
6. No special facilities are need to stimulate UEs to re-select a home cell (covered by normal cell re-selection parameters)

Measurements, connected mode

7. The MME notifies the eNB if that the UE is near its home/ private TA (coarse nearness). The ‘nearness information’ is forwarded upon handover

8. The eNB allows the UE not to perform measurements on the ‘home frequency’ when the UE, based on some UE implementation, knows it is not in the coverage area of the home eNB (fine nearness)

9. The UE shall only report cells it is allowed to access i.e. the UE shall verify the accessibility (the TA)

· New measurement events may need to be defined for this purpose

· Also for this case, it does not seem justified to provide the PLMN identity, TA identity and the cell identity on BCHThe PLMN identity, TA identity and the cell identity should be provided on BCH
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