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1 Introduction

In the papers presented at the past meetings, e.g. in [1], and recently in [2] and [3] it is argued that the current method to start and stop measurement is not optimal and therefore requires enhancement. The problem is supposed to be related to the management of the measurement reporting: it is up to the requesting eNB to define a measurement block that is defined by the required measurements and the cells that are to be included in the report. Once such a block is defined and accepted by the reporting eNB, it shall not be modified. It may only be stopped completely, no new measurements can be added, either. Another block may be defined in parallel or after the stopped reporting. And this mechanism is challenged as problematic: it is claimed that the block should be modifiable (or, to be precise, some cells and/or measurements should be possible to be removed from already ongoing reporting or added thereto). This is justified with the claim that network environment has significantly changed since the feature was introduced: new types of cells have been introduced (small cells, HetNet deployments) as well as dynamic deployments has been enabled.
In this paper we analyse the problem and in particular the challenges related to the new deployment types.
2 Discussion
2.1 History

The Resource Status Reporting Initialisation procedure was introduced at the pre-Rel.8 discussions. However, it was significantly modified during the Rel.8 work and it was then that the mechanism of reporting blocks has been originally introduced. The idea that the reporting shall be identified with measurement IDs was introduced with a broadly co-signed CR at RAN3 #63 [4]. That CR inherited the original statement that “stop” request shall terminate reporting, but it was only until RAN3 #70 that this was clarified that the “stop” shall terminate all the cell measurements, without considering the parameters given in the request [5]. These CRs were proposed by the same companies that now questions the solution and motivated.
It is also important to mention that at RAN3 #63 an alternative CR that addressed the same discussion on measurement management proposed the usage of measurement IDs to identify the reporting blocks [6]. That CR proposed a structure where the cells and measurements to include in the reporting could be defined only in case the request had “start” option – in case of “stop” only the measurement ID could be given.
Observation 1: The idea that measurements should be started as blocks that once admitted, can only be stopped but not modified, has been introduced at very early stages of LTE development and it was the effect of a consensus among many companies.
2.2 Measurement management in currently enabled deployments
The problem of different cell types may seem somewhat artificial. Different cell layers, which are the key idea of HetNet deployments, are well known since early times of cellular technologies. Therefore, the companies designing such mechanism for measurement management must have considered cases where a macro eNB has many neighbours consisting of smaller cells. And this seems perfectly manageable with the existing signaling: an eNB may divide neighbor cells into those that must provide measurements (the first tier of neighbours) and to request all of them with one Measurement ID, while cells that are needed only temporarily may be scheduled with separate IDs. The latter applies in particular to eICIC-capable cells, where cell range extension may dynamically change the interference coupling (as also observed in [2]): since mutual relations are known (it has been argued recently that no enhancement to the eICIC invoke is needed), such dynamically coupled cells should simply be scheduled with separate measurement ID. This would cause little signaling overhead, as compared to all the X2AP traffic. 

In [2] and [3] it seems to be assumed that all the neighbours and all the reports are requested with a single ID and therefore any changes require stopping all and restarting all with a different characteristics. This is in fact an example of a very simplified implementation and is not exploiting the capabilities of the solution agreed with a broad support in Rel.8. The idea of the IDs was exactly to split the requests into smaller blocks, each accommodating cells and measurements that are logically used together. For example, reporting RSRP, TNL load level and ABS usage are very unlikely to be needed with the same reporting frequency and should rather be scheduled separately. Scheduling all of the measurements together wastes much more X2AP signaling capacity than can be saved with the proposed enhancements. However, it has to be remembered that even with such suboptimal usage of the reporting, it is still possible to use “brute force” approach, where unsuitable measurement block is stopped and restarted with different characteristics. 

Observation 2: HetNet deployments, including cell range extension feature, are easily manageable with the existing signaling, if the measurement IDs are used as intended. 
Another new challenge is a dynamic deployment, where cells may be deactivated temporarily (or, alternatively, temporarily activated). The first solution enabling this, i.e. energy saving, was introduced in Rel.9, so after the principles of the reporting mechanism had been defined (even though it was known when the interpretation of the “stop” request was clarified at RAN3 #70). Therefore it may possibly be considered as a new feature and indeed it is justifiable to review the current reporting procedure in the light of the dynamic deployments.
In case of ES, it is assumed a cell is switched off temporarily. The neighbour does not know which cells may be subject of such switch off, so it cannot preventively assign them a separate measurement ID. The problem is rather moderate, however: cells are assumed to be mainly active and switched off only during low load periods. Therefore, possible reporting from an inactive neighbour cell creates rather minor overhead as compared to all measurements that an eNB must deal with. Moreover, after first deactivation of such a cell, it can be recognized as ES-capable cell and then be assigned a separate measurement ID.
A similar, but bigger issue is related to the AAS-based deployments. There, possibly many cells are formally created, but may actually be rarely active. However, there the situation is facilitated with the deployment states that signalled: an eNB may correlate the measurement IDs with the signalled states and switch the measurements whenever its neighbour signals new configuration. Even the fact that the number of measurement IDs (4096) is less than the max number of possible deployment states at a neighbour eNB (16256) is not limiting here: the measurement IDs may be reused, they have to be unique only among reports started and going on in parallel. Therefore, also for AAS-based deployments, the eNB that requests reports has all the needed tools to receive only the reports that are relevant at the time.
Observation 3: Dynamic deployment do not create any new challenges that the eNB requesting measurement could not handle with the existing signalling.
The above observations may lead us to the following proposal:

Proposal 1: Since the partial stop or addition of measurements does not offer any new functionality and considering that the concept of the measurement IDs has been agreed as a broad consensus, it shall not be replaced with another solution.
There is, however, one issue, considered briefly also in [3]: control of the measurement reporting at the resource owner side. It has been assumed the requested eNB shall provide the requested measurements irrespectively from its own processing load and condition – measurements from active cells may be crucial for its neighbour eNBs. However, with AAS-based deployments, an eNB with many cells defined but inactive may face the situation where most of the reports it provides are dummy reports.
It shall also be considered, that in case of dynamic deployments (both, ES- and AAS-based), it is the resource owner that decides on the activation or deactivation of the resources. It is therefore more obvious that this eNB decides also on the reporting from those cells. Otherwise, the situations is awkward: an eNB suspends a cell, but must wait for a request from its neighbour to stop the related reporting.

Observation 4: The issue that the AAS-based dynamic deployment changes make much more severe is the inability of the resource owner eNB to control the requested measurements by itself and to avoid many dummy reports. Enabling that eNB to control the reporting from inactive cell is also the most straightforward way to avoid unnecessary signalling.
The above problem is also not completely new – it has been briefly discussed during Rel.10, in consequence of introducing ES deactivation. At that time it was decided to be irrelevant: as mentioned above, very few cells that may rarely be inactive did not seem to create a significant burden. However, in the context of this discussion and of the AAS-based deployments, it is worth reviewing it again. Below, we discuss some possible solutions.
Proposal 2: In the context of resource reporting enhancements, RAN3 shall focus on the problem of report stopping or suspending from the side of the resource owner eNB. 
2.3 Possible solutions
The solution shall enable the resource owner eNB, i.e. the eNB that provides resource status updates, to stop or suspend the reporting for cells that are inactive and therefore they do have the reported quantity (e.g. PRB or ABS usages). The solution must also be backward-compatible, because the resource reporting is an old feature and considered a core one for LTE. Below, we consider two options:

Resource update suspend

Resource Status Update procedure is based on a class-2 periodic signalling. The only way to stop it is to send the “stop” request from the eNB that initiated the signalling. If the reporting eNB simply stops providing the updates, it may be considered as a X2AP failure and lead to the reset, which would definitely be inappropriate. A new IE in the update message to indicate the reporting is going to be suspended may be considered only if this IE is critical, so that the reporting eNB is notified the neighbour did not understand it. 

This has, however, still the drawback related to the lack of cooperation: the suspend decision cannot be rejected. It may be considered that measurements that are invalid in inactive cell are bound with such that are still relevant (e.g. TNL load). In such case, if the reporting eNB decides to suspend the reporting, it may harm the peer eNB.

Stopping the reporting from the resource owner side

Another approach is to enable the resource owner eNB to request stopping the reporting block. This can be based on the existing resource status reporting initialization procedure. The assumption is that the reporting eNB may sent the “stop” request with the measurement IDs related to reporting requested by its neighbour (possibly with a new registration value). In such a case, the neighbour can reject the request, if it finds the reports still needed. 

Observation 5: Reusing and possibly enhancing the existing resource status reporting initialization procedure so that a “stop” can be requested also from the reporting side is the best way to avoid unnecessary signalling from idle cells.

Proposal 3: RAN3 shall discuss the enhancement to the resource status reporting initialization procedure that enables the resource owner eNB to request stopping the reporting block.
In the chapter below we present what changes may possibly be needed in the discussed procedure.
2.4 Needed changes

The simplest correction needed to enable the enhancement may be based on the existing Resource Status Reporting Initiation procedure: the request shall then be allowed to be sent from the reporting eNB with the already assigned measurement IDs and with the “stop” request. The recipient may then accept or reject the request. This implementation would work even with legacy eNBs: if such eNB would not expect to receive a request with already known IDs (or would consider them as new IDs and then would not be able to match it to known “start”), it would respond with failure message thus making the peer eNB aware of its legacy state. In this case, the change would be limited to:
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8.3.6.2
Successful Operation

[…]
If the eNB2 received a RESOURCE STATUS REQUEST message which includes the Registration Request IE set to "stop", the Cell To Report IE list shall be ignored.

If the Registration Request IE is set to "stop" and the eNB1 Measurement ID IE and the eNB2 Measurement ID IE correspond to a measurement that the eNB2 requested, the eNB2 may respond with the RESOURCE STATUS REQUEST message if it accepts that the reporting is stopped.
8.3.6.3
Unsuccessful Operation

[…]
If none of the requested measurements can be initiated, or the reporting from eNB1 cannot be stopped, eNB2 shall send a RESOURCE STATUS FAILURE message. The Cause IE shall be set to an appropriate value e.g. "Measurement Temporarily not Available" or "Measurement not Supported For The Object" for each requested measurement object. The eNB may use the Complete Failure Cause Information IE to enhance the failure cause information per measurement in the RESOURCE STATUS FAILURE message.

	End of the example changes


Alternatively, the solution can be based on a new Registration Request that could be sent from the reporting eNB only and would indicate all or some of the cells are requested to be suspended. This would be similar to a part of the solution proposed in [3].
3 Conclusion

In this paper, we have recalled the history of the feature that is proposed to be enhanced in [2] and [3]. We have also reviewed the arguments provided there. We found them invalid in the sense, that issues listed can easily be handled with existing signalling. We have, however, identified one functionality relevant for dynamic deployments that is not possible currently: stopping of requested reporting from the reporting (resource owner) eNB. These findings enabled us to formulate following proposals that should be considered instead of those provided in [2] and [3]:
1) Since the partial stop or addition of measurements does not offer any new functionality and considering that the concept of the measurement IDs has been agreed as a broad consensus, it shall not be replaced with another solution.
2) In the context of resource reporting enhancements, RAN3 shall focus on the problem of report stopping or suspending from the side of the resource owner eNB.
3) RAN3 shall discuss the enhancement to the resource status reporting initialization procedure that enables the resource owner eNB to request stopping the reporting block.
If the above is confirmed as the only relevant issue, Nokia offers to provide the needed CR, as drafted in chapter 2.4.
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