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1 Introduction

SeNB RRM was discussed in the last RAN2 meeting and some agreements were made. Email discussion [85bis#15] was intended to discuss the remaining FFS points of the SeNB RRM. Email discussion mainly focused on the assistance information provided by the SeNB and measurement results to be provided to the SeNB in order to facilitate Radio resource management at the SeNB for DC configured UEs. Even though the detail of assistance information and signalling is discussed, it is not clear how this assistance information can be used in the RRM control of SeNB in a meaningful way. In this paper we provide our views on the SeNB RRM and what additional features should be supported for dual connectivity operation.
2 Discussion

The following agreements were made at the last RAN2 meeting with regards to SeNB RRM. 
1). For SCG addition, the MeNB takes the initiative but the SeNB may reject

2). For SCG release, the MeNB may take the initiative and the SeNB shall not reject
3). For SCG release, the SeNB may take the initiative and the MeNB shall not reject.

4). MeNB can trigger release of non-last Scells of SCG (and SeNB cannot say no).

5). SeNB can trigger release of non-last Scells of SCG (and MeNB cannot say no).

6). MeNB can request SeNB to add particular Scells to the SeNB. SeNB can reject.

7). SeNB can provide assistance data to the MeNB (FFS: e.g. SCell overload status, DRB resource shortage, cell load status, suggested cell addition list), which may trigger the MeNB to initiate SCG SCell addition or SCG SCell release.
8), MeNB can provide latest measurement results in SCG addition and SCG Scell addition request. (FFS for which SeNB cells). There is no generic forwarding of measurement result from MeNB to SeNB.
According to the above agreements, SCG release or SCG SCell release can be initiated by MeNB or SeNB and the other eNB should obey the release request. 
As per the previous agreements, option C1 of section 8.1.2.1 of 36.842 considered for the C-Plane architecture supporting dual connectivity, the MeNB generates the final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB. According to the previous agreements, the DC UE RRM is distributed between the MeNB and the SeNB where RRM coordination is taken in configuring the radio parameters towards the DC configured UE. In addition it is previously agreed that SeNB is in charge of it’s radio resource management. These agreements were taken to support both dual connectivity architectures; architecture 1A and 3C. These agreed principles should be maintained for the SCG RRM procedure design.

From the UE perspective, the UE capability should be taken into account in the SCell allocation in coordination of SCells in MeNB and SeNB. As per the agreement from the last meeting, the MeNB radio configuration is to be provided to the SeNB and the SeNB radio configuration is available at the MeNB. Therefore, the collision of radio configuration can be avoided at the network even with independent RRM functions assumed at the MeNB and SeNB.

Observation 1: re-stating the previous agreement, the RRM functions at MeNB and SeNB are coordinated in providing radio configuration for the dual connectivity configured UEs.  

Email discussion [85bis#15], the assistance information provided by the SeNB to the MeNB in order to help the MeNB decision on the SCE SCell release and addition were considered under two categories.
Category 1) raw assistance information provided by the SeNB. MeNB derives the required action based on the available information at the MeNB
Category 2) Specific request provided by the SeNB, the SeNB derives the desired action and provides it to the MeNB. 
Under category 1 assistance information, PRB usage per cell (A), UE data transfer rate per SCG DRB/split DRB and packet drop rate per SCG DRB/split DRB (B) UL radio link quality (G) are considered. A, B and G corresponding to labels used in the email discussion.
It was commented during the email discussion PRB usage as indicated in (A) is the load information exchange mechanism currently available in the legacy network. As per 36.423, the PRB usage per cell information is exchanged in the scale of 1s frequency and longer as cell specific (UE specific) signalling. Even though, such frequency is sufficient for the addition or release of SCG, it is questionable whether the currently available PRB usage information could be sufficient to be used for the SCG Scell addition and release. For example the requirement for adding a SCG SCell may result from an increase of SCG DRB traffic for a particular user or increase of traffic load on a DRB served to a non CA UE served by SeNB. Even though such increase of traffic may be reflected on PRB usage per cell, the information exchange at 1s interval may not be sufficient in order to perform quick RRM decision at the SeNB. Load information exchange between network nodes is within the scope of RAN3. Therefore, RAN3 is the most suitable WG in evaluating whether the currently available cell load information exchange procedure can be used to assist MeNB to make a decision on SCG Scell addition or release.
Proposal 1: request RAN3 to evaluate whether the currently available cell load exchange procedure could be used in providing assistance information to the MeNB to make a decision on SCG Scell addition or release.

Other types of raw assistance information considered in the email discussion [85bis#15] are not available or are not used in the legacy network. These are a new set of parameters which are required to be computed at the SeNB and be communicated over X2 interface from the SeNB to MeNB. Signalling of addition information, e.g. UE data transfer rate per SCG DRB/split DRB and packet drop rate per SCG DRB/split DRB, requires detailed specification in order to enable both transmitting and receiving eNBs to interpret the meaning of the signalled information in a same way. These are UE/DRB specific parameters and could generate significant volume of signalling load over X2.   Hence some event based trigger/periodicity for these information provisioning may need to be specified. Moreover, how to guarantee that MeNB take an action which is aligned with the reason for providing the raw information by the SeNB needs to be thought through. Otherwise, upon reception of raw assistance information, MeNB may request to add a SCG SCell and as it is not aligned with SeNB’s algorithms, SeNB may reject the SCG SCell addition request.  On the other hand, there is no mechanism for the SeNB to request the addition of Scell when its own algorithms would have added one.
On one hand the usefulness of the raw assistance information for the SCG SCell addition and release for the MeNB should be evaluated prior to deciding on the need for additional raw assistance information. On the other hand, the detailed configuration of raw information by the MeNB in order to guarantee usefulness of provided raw information increase the specification complexity. At the same time such a detailed configuration could no longer be considered as assistance information provision by the SeNB, as such design rather results in a SCG RRM associated procedure. 
Similar to the cell load information exchanged between the network nodes, RAN3 is better suited to evaluate the usefulness, complexity and gain of the raw information exchanged procedure between network nodes.
Proposal 2: request RAN3 to evaluate the method, complexity, usefulness of raw information such as UE data transfer rate per SCG DRB/split DRB, signalled from SeNB to MeNB in assisting the MeNB to make decision on add or release SCG SCell for a DC configured UE. 
The second category of “assistance information”, i.e specific request from the SeNB, considers that the SeNB is indicating what SCG Cells are to be added or released for DC configured UE. Four different options C to F were considered in email discussion [85bis#15] under the second category of assistance information. All options C to F considered the same information being provided by the SeNB to the MeNB. The differences of the options C to F rely on whether implicit or explicit messages are used or X2AP or RRC messages are used for the signalling over X2 interface. Implicit/explicit or X2AP or RRC messages to be used for the signalling can be discussed at a later stage with both RAN2 and RAN3 involvement.  

Proposal 3: how to provide specific request from SeNB to MeNB can be discussed in a later stage involving both RAN2 and RAN3.

It was attempted to compare the category 1 vs category 2 in providing assistance information to the MeNB. Both categories considered in the email discussion could be used in providing assistance information to the MeNB. However which category of assistance information is more beneficial and further what exact information should be provided should be evaluated based on the complexity of providing such assistance information, on how the information is to be used at the MeNB in making appropriate RRM decision and the predictability, and the consequences of the decision taken by MeNB based on the provided assistance information. This is the usual technical WG procedures followed in 3GPP introduction of any new feature to the specification.  Even though the company preference on the category 1 vs category 2 was shown during the email discussion [85bis#15], there was no sufficient technical discussion on the procedure, complexity or the usefulness of such a procedure while comparing category 1 vs category 2.
As discussed in [85bis#15], the provided assistance information may be used for

A.1  trigger SCG release

A.2  trigger SCG Cell addition

A.3  trigger SCG Cell release

A.4  trigger DRB reconfiguration

The decision for SCG addition, i.e. dual connectivity configuration, is taken by the MeNB. However it is possible for the SeNB to reject the SCG addition request depending on the resource availability and RRM decision taken by the SeNB. MeNB may make the dual connectivity configuration decision taking into account, the MeNB load, neighbouring cell measurements, neighbouring cell load, the UE capabilities, etc. these input parameters are what is available at the MeNB in the legacy system and what is used for the mobility and system load balancing purposes. Similar to the SCG addition decision, the MeNB may make the decision to release SCG for the UE. The same input parameters which are available today at the MeNB are sufficient to make the SCG release trigger by MeNB. Therefore, we don’t see the need for any additional parameters assisting MeNB decision to add or release SCG. 

Conclusion 1: additional parameters (compared to what is available at legacy eNB) assisting the MeNB decision to add or release of SCG is not required (cover A.1).
As per the last meeting agreement, SeNB can trigger release of non-last Scells of SCG (and MeNB cannot say no). The MeNB can comprehend the SeNB radio configuration, therefore the SeNB Scell release request could be seen as assistance information and no additional raw information is required for SCG SCell release decision.

Conclusion 2: the SeNB request on the SCG Cell release can be understood by the MeNB and no additional assistance information is required for SCG Cell release (cover A.3). 

SCG addition and release are mainly governed by the traffic offloading decision via dual connectivity configured eNB. However the need for SCG SCell addition and release depends on the radio resource management at the SeNB. The radio resource management as per legacy network node considers all UEs served by the eNB, this includes the standalone UEs served by the cell, possible offloaded UEs from inter-frequency HOs, incoming UEs due to intra-frequency HO, etc. when DC is configured, the traffic offloaded by the DC UEs should also be considered in the radio resource management at the SeNB. 

SeNB RRM may decide to add another SCG Cell for the UE due to 

1. increase of traffic rate of the UE or 

2. increase of traffic rate of another UE. 

3. distribution of cell load in SeNB
Currently only the cell load information (e.g. PRB usage per cell) is available at the MeNB. As discussed in proposal 1, RAN3 is yet to evaluate the applicability of the current cell load information for RRM decision on DC UEs.

Increase of traffic rate of the SCG DRB is not available at the MeNB, even though the traffic information on split DRB is available at the MeNB. In order to make a decision to add an SCG cell to cover the case of increased traffic on SCG DRBs, additional information would be required to be provided to the MeNB. 

Increase of traffic rate of another UE may also result in SeNB decision to add SCG cell to DC UEs. For example, consider the data rate increase for non-CA UEs served by SeNB. This would increase the serving cell load, hence the SeNB RRM may distribute the traffic load on CA UEs including DC UEs by configuring another SCell.  Even though the increase of cell load information may be available to the MeNB via PRB usage info (note, assumed that the PRB information is available to MeNB in timely manner), the SeNB RRM decision to distribute the traffic load by configuring another SCG cell to DC UEs is not known to the MeNB. In conclusion, the currently available information at the MeNB is not sufficient for making the appropriate decision to add SCG Cells.

Conclusion 3: the currently available information at the MeNB is not sufficient for making the appropriate decision to add SCG Cells.

UE data transfer rate per SCG DRB/split DRB and packet drop rate per SCG DRB/split DRB (B) is suggested as one option of providing information to assist SCG Cell addition decision by the MeNB. Even though data transfer rate per SCG DRB may provide the SCG DRB data rate increase information, the RRM decision to add SCell is only known by the SeNB. As per the proposal 2, the procedure to provide UE data transfer rate per SCG DRB is yet to be evaluated in RAN3. Moreover in the second example scenario where SeNB RRM may decide to add SCG Cell is to distribute the eNB load due to the increase of traffic on non DC Ues. The eNB load distribution decision is taken by the SeNB RRM considering all UEs served by the SeNB. Note that eNB RRM function is implementation dependent and the SeNB RRM algorithm is not likely to be known by the MeNB. Considering the SeNB RRM aspects, the simplest method is to provide a specific request on the SCG cell addition by the SeNB. A list of candidate Scells to be added to the DC UE could be provided to the MeNB from SeNB. The MeNB may take the final decision to add SCG Cell considering the SeNB request and cell measurements. 

Proposal 4: the SCG Scell addition is triggered by the SeNB and a candidate list of cells to be added is provided from SeNB to MeNB.

It has already been agreed that SeNB can request modification of parameters associated with the SeNB directly to the UE with an RRC container (that is verified by MeNB).  Hence parameters associated with the protocol layers of DRBs in the SeNB can be directly controlled by the SeNB.  Additionally, RAN3 has already agreed that SeNB can trigger a DRB release using SeNB modification procedure (reference Figure 10.1..x.2.2-2 in stage 2 running CR).  MeNB can also trigger the release of the DRB in the SeNB based on conditions in the MeNB.  For 1A, it can also use cell PRB usage if RAN3 finds it feasible.  No further assistance information has been identified for SeNB DRB modification/release.

Conclusion 4: additional parameters for assisting the MeNB for DRB modification/release is not required (cover A.4).
Email discussion [85bis#15] also discussed what measurement information to be provided to the SeNB in assisting SeNB decision to release SCG, release SCG Scell, trigger for SCG Scell addition and DRB reconfiguration. In addition to the above, SeNB is in charge of managing the special cell for the DC UE. SeNB may decide to change the special cell for DC UE in order to balance the PUCCH load in SeNB. Therefore, the SCG Cells measurements should be forwarded to the SeNB.  Neighbouring cell measurement information is exchanged between the network nodes in legacy system in assisting UE mobility procedure. We think there is no reason for deviating from the legacy measurement exchange between the network nodes and designing a new measurement exchange procedure. 
Proposal 5: the legacy procedure in forwarding neighbouring cell measurement information between network nodes can be re-used for measurement forwarding between MeNB and SeNB. 

3 Conclusions

A conclusion can be driven from the above discussion that method available in legacy system should be used whenever possible in exchange of information between SeNB and MeNB in assisting SCG RRM for the DC UE. The previously agreed design principle that SeNB is in charge of its radio resource management should be respected for SCG RRM design. Tthe deviation of legacy mechanism or new information exchange should be carefully evaluated before introducing new procedures. The following observations, conclusions and proposals were made.

Observation 1: re-stating the previous agreement, the RRM functions at MeNB and SeNB are coordinated in providing radio configuration for the dual connectivity configured UEs.  

Proposal 1: request RAN3 to evaluate whether the currently available cell load exchange procedure could be used in providing assistance information to the MeNB to make a decision on SCG Scell addition or release.

Proposal 2: request RAN3 to evaluate the method, complexity, usefulness of raw information such as UE data transfer rate per SCG DRB/split DRB, signalled from SeNB to MeNB in assisting the MeNB to make decision on add or release SCG SCell for a DC configured UE. 
Proposal 3: how to provide specific request from SeNB to MeNB can be discussed in a later stage involving both RAN2 and RAN3.

Conclusion 1: additional parameters (compared to what is available at legacy eNB) assisting the MeNB decision to add or release of SCG is not required (cover A.1).
Conclusion 2: the SeNB request on the SCG Cell release can be understood by the MeNB and no additional assistance information is required for SCG Cell release (cover A.3). 

Conclusion 3: the currently available information at the MeNB is not sufficient for making the appropriate decision to add SCG Cells.

Proposal 4: the SCG Scell addition is triggered by the SeNB and a candidate list of cells to be added is provided from SeNB to MeNB.

Conclusion 4: additional parameters for assisting the MeNB for DRB modification/release is not required (cover A.4).
Proposal 5: the legacy procedure in forwarding neighbouring cell measurement information between network nodes can be re-used for measurement forwarding between MeNB and SeNB. 
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