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1 Introduction

During RAN2#69 there were some issue left open with regard to the Relay Node initial Un subframe configuration and reconfiguration and the following questions were discussed during the inter-meeting period. During the meeting the following agreements were made

Agreements:

1) The activation of any subframe configuration on Un will be done by RRC

   - FFS if subframe configuration is performed by RRC or OAM

2) We will have the possibility to reconfigure the subframe allocation on Un

The following were left open for email discussion 

Initial backhaul/subframe configuration

1)
How does RN get initial subframe configuration ?

a.
RN configured by OAM or

b.
Configured with RRC msg by DeNB (OAM in DeNB)

2) One-step (to activate Un and RN-Uu) or 2 step ?

Updates to backhaul/subframe configuration

3) RRC message to dynamically update subframe configuration ?

For both initial and updates:

4) Input from RN, or pure D-eNB decision ?

The following section presents the responses from the different companies and a summary of the collected input for each question.

2 Discussion

Initial backhaul/subframe configuration:

1) How does the RN gets initial Un subframe configuration? 

a.     RN configured by OAM or

b.     Configured with RRC message by DeNB (OAM in DeNB)

[Ericsson] The answer is (a), i.e. the relay eNodeB is configured by OAM. Configuration data will be distributed by OAM. The RRC does not need to be involved and there will be no increase in RRC complexity. OAM will also take into account the need of resource partitioning or not.

[Huawei] It depends on the requirement of deployment. The option a, i.e. RN configured by OAM, may be the preferred solution for a simpler RN system or during the early stage of RN deployment, which is more an implementation choice for a static configuration.

From the standardization and future-proof points of view,  option b, i.e. configured with RRC message by DeNB, may become the preferred solution especially for an advanced RN system where the DeNB determines and provides the Un configuration to the RN using the same RRC message that activates the Un, considering the agreement on Un activation by RRC message at last meeting.

[ZTE] We prefer b for two reasons: 1, We think that the method of initial configuration should be consistent with the method of Un activation and modification.  Since we have already decided that RRC is used for Un activation and very likely also for modification, we’d better use the same mechanism for initial configuration. And by using the same method, we can do the configuration and activation at the same time with one single RRC message, 

2, the risk of configuration mismatch between RN and eNB could be totally avoided.

[NTT DoCoMo] Un subframe configuration by RRC can ensure the operation in multi-vendor environment, even if the objective in Rel-10 is to realize coverage improvement and future proof features are not required. Standardised configuration scheme for the RN start up is desirable unless it increases significant complexity.

[CATT] Basically, we have the similar consideration with Huawei. OAM could configure Un subframe configuration is the base line. Anyway, it should be possible for operators to configure the information if they want to. And while solution b is future-proof and mature, to reduce the operator’s work load, DeNB can be used to decide the Un subframe configuration.

[III] In order to support multi-vendor environments and minimizing the complexity of OAM IOT, basic RN configurations for Un, i.e. Un subframe configuration, are kept in its DeNB(s). DeNB utilizes RRCConnectionReconfiguration to perform Un subframe configuration. DeNB selects the Un subframe configuration and piggybacks the initial Un subframe configuration in RRCConnectionReconfiguration to RN, which is commonly used to creating DRBs for transporting S1AP and X2AP control signalling messages over Un for three types of RN.

[NSN/Nokia] As answered in 3), we believe RRC message should be used for subframe reconfiguration. Thus we don’t see any reason to diverge the solution for configuration (i.e, initiation phase) and reconfiguration. Therefore we support option b)

[CMCC] We support to use the OAM at DeNB to provide a guidance of subframe allocation, while  DeNB (re)configures the detailed MBSFN subframe allocation.

[NEC] We prefer option b. DeNB may determine Un subframe configuration based on Un resource conditions (i.e. Un resource ratio, number of RNs, other criteria). Therefore, it would be better for DeNB to handle Un subframe configuration.

[Panasonic]: we believe that an unified procedure should be used for initial configuration and updates/reconfiguration to favour multi-vendor environments. The use of a specific configuration on Un may be decided by the DeNB taking into consideration radio specific factors such as load, etc at the time of the relay node attachment. Therefore, the DeNB should configure the radio specific parameters, that include subframe configuration, via RRC to the Relay Node.

[LG] We support option b. Un subframe is radio resource managed by DeNB, so it would be better for DeNB to control Un subframe configuration.

[Alcatel-Lucent] it is agreed in the last RAN2 meeting that the activation of any subframe configuration on Un will be done by RRC. If option a) above is considered for the Un subframe configuration, there still needs to have another RRC message for Un subframe activation; therefore, with option b it is possible to have single message for Un subframe configuration, Un subframe re-configuration and Un subframe activation.

[Fujitsu] We support option (b) that the RN could be configured both by OAM and with RRC configuration. This gives the ability for operators to simply deploy RNs for coverage extension using OAM and yet in the future re-deploy the same relay and configure only by RRC configuration. 
[Qualcomm] We support option b, main reason being that the configuration could be different in areas of the deployment based on loading etc.

Summary: the majority of companies seem to prefer to have a unified procedure for configuration and activation　and support for option b, which is initial configuration is done by DeNB using RRC, is the major tendency. However, there seems to be a little support also for a deployment based approach in which OAM is used for early stages but with standardisation taken place for use of RRC signalling for subframe configuration for future proof-ness.

2) One-step (to activate Un and RN-Uu) or 2 step (configuration of Un and then activation of Uu)?

[Ericsson] The only interface that may need activation is the relay node to the donor eNodeB since the subframe configuration will change and a handshake procedure can be beneficial. Uu will start when necessary connections and data are available and the eNodeB is ready to go.

[Huawei] One step RRC signalling to activate Un is sufficient. RN-Uu should be activated by RN (without additional RRC signalling) after the Un is fully ready, including the successfully implementation of Un subframe configuration and S1/X2 interface setup.  

[ZTE]  Uu activation is autonomous, and "two steps" means the Uu activation is also instructed by DeNB. The timing of Un activation and Uu activation is not relevant. If this understanding is correct, then we favour a "one step" approach.

[NTT DoCoMo] RN-Uu will be activated autonomously after the completion of setup as an eNB, i.e., setup of S1/X2 interface, and hence, explicit signalling on Un is not needed for the DeNB to be aware of the RN-Uu activation. On the other hand, Un activation needs to be notified to the RN in order to ensure the proper operation between Un and RN-Uu. As such, one-step procedure to activate Un is sufficient for the RN start up procedure.

[CATT] Agree with Huawei and NTT DoCoMo. One step is used to activate Un. And it is proposed to configure and activate the backhaul subframe after S1/X2 interfaces are setup, this could avoid the backhaul subframe restriction before RN is operated as an eNB.  

[III] After the activation of Un interface, RN actives RN-Uu interface when it is ready to provides services to UE. Hence, the activation of RN-Uu interface and setting up S1-AP and X2-AP by RN is a local decision without explicit messages to DeNB.

[CMCC] We think that Un and RN-Uu will be activated when they’re ready, and one step is sufficient.

[NEC] RN could initiate RN-Uu setup without additional signalling after completion of Un setup. Therefore, 1-step scheme would be better than 2-step scheme.

[Panasonic]: A one step approach is only needed since the activation of Uu is left to the RN decision, and this would happen after the RN starts to behave as an eNB for the UEs under its coverage.

[LG] One-step seems enough. As Uu is controlled by RN, the RN can activate Uu only after Un activation.

[Alcatel-Lucent] Similar to the conventional eNB, the RN will activate its Uu communication autonomously after the completion of backhaul setup. With respect to the activation on Un, the agreement is made in RAN2 #69 such that “the activation of any subframe configuration on Un will be done by RRC”.

[Fujitsu] This depends on the above decision as if we say that the Un activation is by an RRC message then this may mean that the RN cannot be activated by OAM, as activation by OAM means that a radio bearer has to have been created for the IP connection to the OAM server.
[Qualcomm] Though one step approach is technically possible, we prefer the two step approach, as that allows for more modular design.

Summary: A one step approach without any explicit signalling for Uu activation from DeNB is favoured by the majority of companies. The Uu activation is done by the RN itself once the S1/X2 setup is completed. Timing of the activation was briefly discussed with the option to realise it after setup of S1/X2 interfaces is complete.

Updates to backhaul/subframe configuration

3) RRC message to dynamically update subframe configuration?

[Ericsson] A kind of slow reconfiguration can be applied by use of OAM that is already there to control and monitor the nodes and whereby updates of subframe configuration is executed when bottlenecks or other inefficiencies are detected by performance management (OAM) and updates are considered necessary.

[Huawei] Taking the consideration of the answer to question 1) into account, if the Un subframe update is needed, RRC message could be used. We should consider the backhaul situation and the possible subframe patterns for both FDD and TDD systems together with the requirement of MBMS service.

[ZTE] As we already stated in our answer to Q1, RRC is preferred.

[NTT DoCoMo] Although it is foreseen that Un subframes are reconfigured semi-dynamically rather than dynamically, standardised update procedure is desirable as mentioned to question 1.

[CATT] Both OAM and DeNB can be used to make the decision on whether to update subframe configuration. If OAM is the decision-making entity, OAM can inform the DeNB the information and then DeNB will reconfigure RN via RRC signalling or OAM can inform the RN the information and then RN report the information to DeNB via RRC signalling. DeNB also could make the decision independently if it has enough information to let it decides to change the original configuration.

[III] The backhaul link is updated due to the UE attachment or adding/modification of the UE bearer. According to the bearer establishment or modification procedure, DeNB adjusts its subframe allocation of the Un link.  Additionally, DeNB could dynamically adjust the Un subframe configuration to perform load balancing between Uu and Un when the channel quality of RN-Uu is changed.  DeNB utilizes RRC messages to reconfigure the Un subframe configuration.

[NSN/Nokia] Since traffic load under relay node can be changed per time (depending on the number of UEs under the RN and the traffic combination per UE), the subframe configuration should be able to adapt this situation dynamically. For this purpose, we believe RRC message suits better than O&M based solution

[CMCC] In addition to traffic load of RN, we think that the MBSFN subframe allocation should take other factors into account, e.g. the MBSFN subframe configuration for eMBMS. As commented in question 1), we prefer to let DeNB (re)configure the detailed MBSFN subframes, and in this way dynamical update is naturally supported.

[NEC] We don’t think to need frequent update of subframe configuration, however, more loose controllability (semi-static? semi-dynamic?) of update subframe configuration would be needed.

[Panasonic] We consider that this is the way to go (RRC message) in order to have a unified procedure and that could prove beneficial in order to track the traffic situation and adjust accordingly. 

[LG] Though how dynamic is of question, we think DeNB should be able to update Un subframe configuration depending on the load condition.

[Alcatel-Lucent] as mentioned in answer to question 1, an unified procedure for Un subframe configuration/activation and re-configuration/activation is preferred.

[Fujitsu] Updates on the RN Un configuration are likely to be required as the load on the DeNB and/or the RNs controlled by the DeNB changes. RRC reconfiguration of the Un interface is therefore required to perform this configuration.
[Qualcomm] We support RRC message.

Summary: the majority of companies prefer to have RRC signalling to perform the update/reconfiguration of the Un subframe configuration. In addition, there seems to be a different perception about how frequent this reconfiguration/update will take place. As proposed by some companies (majority), it may depend on traffic conditions/load under the RN with companies favouring an RRC message for doing this reconfiguration. 

For both initial configuration and updates of configuration:

4) Is there any input from RN, or is it pure D-eNB decision?

[Ericsson] It is enough for a donor eNB to initiate the configuration on the basis of input from OAM. Any input from relay eNodeB is FFS considering any further optimisation. 

[Huawei] for the advanced RN deployment, the DeNB controls the initial configuration and reconfiguration of Un based on the information it could get. DeNB could get some information from the RN, and maybe some information from the OAM system.

[ZTE] We think that we need to find out what kind of information from RN could be helpful for DeNB to make the decision first. We can leave it to D-eNB decision now for simplicity,  and allow the future enhancement if any RN input  is proved necessary.

[NTT DoCoMo] For Rel-10 relays aimed at coverage improvement, No input from the RN is required for the DeNB to configure/reconfigure Un subframes. Whether Any input from RN is required, needs to be carefully investigated even for the capacity improvement purpose to be supported in future release.

[CATT] There may be some input from RN especially for the backhaul reconfiguration case. DeNB may trigger the reconfiguration procedure referring to the RN report. E.g. if the MBSFN subframe for MBMS service is changed and DeNB doesn’t know about it, then the RN needs to inform DeNB to reconfigure the backhaul subframes. Also for positioning, if PRS is configured or reconfigured, it is also possible for RN to report the case to DeNB. And for FDD, it is also useful for DeNB to know the start position of the frame of RN while configure the backhaul. So we propose to discuss this issue further more and not to make the final decision in a hurry.

[NSN/Nokia] For the initial Un subframe configuration, it is enough a pure DeNB decision, which could be based on DeNB cell resource utilization and interference situation. 

[CMCC] We think the DeNB could make the decision based on the collected information, possibly from RN. It is too early to decide whether any input from RN is needed.

[NEC] It depends on Q3. If update of backhaul configuration is supported, some kind of information from RN would be needed in order to efficiently update subframe configuration.

[Panasonic] For the specific procedure of initial/update of configuration, we think that no feedback or input from the RN is necessary and can be left to the DeNB alone. Nevertheless, at least the RN capability and/or relay node type (1, 1a or 1b) capability is exchanged similarly to UE capability exchange. For the future SON or other improvements, some input from RN also may be considered but at this point it should be at most FFS.

[LG] At this moment, we don’t see any need of RN input for both initial and re-configuration. With the agreed architecture, the DeNB has full knowledge of Uu situation.

[Alcatel-Lucent] all the changes which may require Un subframe re-configuration are detectable at the DeNB. Therefore, DeNB originated Un subframe re-configuration is preferred. The need for any additional input from RN for Un subframe (re)configuration is not yet identified.

[Fujitsu] DeNB doesn't need any input from RN for the initial configuration of Un subframes but for the reconfiguration, some input from RN may be necessary. (This depends on the future discussions.) 
[Qualcomm] RN should provide its capability (useful if there are multiple types of configurations possible), and DeNB should configure accordingly. Other input from RN can be considered FFS.

Summary: For the initial configuration no need for feedback from RN is favoured by all the companies. For the reconfiguration case, there is some support to leave open the possibility for some feedback from the RN, however which information would be sent by the RN to DeNB is still open.

3 Conclusions

The document summarises the companies answers to the email discussion. It is visible from the answers that there is a clear tendency favoured by the majority in some of the discussed topics. However, some additional discussion would be beneficial to reach a conclusion with respect to the frequency of occurrence of the Un subframes update/reconfiguration although this could be carried out independently of the discussion of the mechanism used for that effect. Timing of the discussed events is also presented on the Annexes.

4 Annex A. Signalling Charts for Initial Configuration
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Figure A.1 Huawei chart for Initial Configuration/Activation
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Figure A.2. III chart for Initial Configuration/Activation
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Figure A.3. NTT DOCOMO Chart

5 Annex B Charts for Update/Reconfiguration of Un
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Figure B.1 Huawei Chart for Update/Reconfiguration
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Figure B.2 III Chart: updates/reconfiguration of backhaul due to UE attachment
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Figure B.3 III Chart: updates/reconfiguration of backhaul due to load balancing between Uu and Un
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