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1. Introduction

In RAN#62 plenary meeting, WID proposal related to dual connectivity is approved [1]. Basically, the concept of dual connectivity is based on the outcomes of study on small cell enhancements from high layer aspect. According to TR 36.842 [2], dual connectivity is defined as “operation where a given UE consumes radio resources provided by at least two different network points (Master and Secondary eNBs) connected with non-ideal backhaul while in RRC_CONNECTED”. Furthermore, dual connectivity can be used to enhance the mobility robustness.
In this contribution, we discuss issues related to physical layer aspect of dual connectivity including RRM reporting, RLM procedure, PHR, and power scaling for UL transmission. 
2. Radio Resource Management
In dual connectivity, there are two groups of cells; one is Master Cell Group which consists of serving cells associated with Master eNB, and the other is Secondary Cell Group which consist of serving cells associated with Secondary eNB. Therefore, in dual connectivity, it is possible that UEs perform RRM measurement for both cells in Mast Cell group and cells in Secondary Cell Group. RRM functions are related to RRC functions including common radio resource configuration, dedicated resource configuration, and measurement and mobility control. According to TR 36.842 [2], RRC protocol architecture is explained as follows:
· Only the MeNB generates the final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB. The UE RRC entity sees all messages coming only from one entity (in the MeNB) and the UE only replies back to that entity. L2 transport of these messages depends on the chosen UP architecture and the intended solution.
All RRC functions for both MeNB and SeNB would be managed and controlled by only MeNB. In that point of view, it seems natural that RRM reporting on all carriers is reported to only MeNB and reporting if necessary will be forwarded to SeNB via non-ideal backhaul. Since SeNB may not receive real-time RRM report from a UE, it may need to depend on CSI feedback or SRS transmission for channel quality monitoring. Thus, it would not be desirable to drop CSI feedback or SRS always when power limitation occurs between uplink transmissions to PCell and SeNB PCell. Furthermore, some carriers in SeNB operate cell on/off, activation of off cell may take longer time due to backhaul latency if wake-up request is initiated by eNB. Thus, UE-initiated wake-up procedure can be considered to allow fast transition of cells state. 
Observation 1: Due to non-ideal backhaul between MeNB and SeNB, there is considerable delay on RRM report on SeNB configured carriers to be delivered to SeNB.  
3. Radio Link Monitoring for SeNB
As mentioned in section 2, in dual connectivity, RRM reporting on all configured carrier would be transmitted to only MeNB. According to RRM reporting, PCell could estimate channel quality of all configured carriers regardless of association with either MeNB or SeNB. However, since S-PCell performs PCell-functions including PUCCH transmission (e.g. HARQ-ACK, CSI, SR, etc.) for SeNB configured carriers, more accurate measurement results in time could be necessary compared to other configured carriers. For instance, since S-PCell cannot be cross-carrier scheduled from another carrier, the quality of control channels should be maintained and monitored. Moreover, if the channel quality of S-PCell is too bad to receive UCI of serving cells associated with SeNB, then the efficiency of using all carriers configured by SeNB would be worsened. Therefore, it could be considered for S-PCell to utilize RLM procedure which monitors the channel quality continuously. Since the mobility would be handled by PCell associated with MeNB, it seems natural to consider that RLF indication for S-PCell is reported to only PCell associated with MeNB. Based on reported RLF indication for S-PCell, PCell could carry out S-PCell reselection where another cell in the same SeNB or another SeNB could be selected. Furthermore, it could be considered that uplink channels associated with S-PCell or carriers configured by SeNB are reprioritized considering RLF indication for S-PCell. 
Proposal 1: RLF indication for S-PCell reported to PCell can be considered. 
4. Power headroom reporting

Power headroom can be calculated per uplink configured carrier, and all calculated power headroom values will be reported to MeNB and SeNB. With reported power headroom, eNodeB could control transmission power of UE per each carrier or the amount of scheduling data. In dual connectivity, since backhaul delay between MeNB and SeNB would not be negligible, it would be necessary to utilize mechanism to exchange information related to the amount of power consumed or limited in each eNodeB to use overall transmission power of UE efficiently. Thus, power headroom reporting could have following alternatives:
· Alternative 1: UE calculates PHR for all uplink configured carriers and reports to each eNodeB for all configured carriers.
· Alternative 2: UE calculates PHR for all uplink configured carriers and reports to each eNodeB only for carriers configured by itself. 
In terms of specification work, it is expected that Alternative 1 may have higher impact compared to Alternative 2 as PHR calculation to realize Alternative 1 needs to be modified. For example, when PHR is triggered for MeNB and PHR values are calculated for all carriers and reported to both eNBs, each eNB may not know exactly what conditions where UE has calculated PHR on (such as PUCCH transmission scheduled or not unless type 2 reporting is configured regardless of PUCCH/PUSCH simultaneous transmission capability). Moreover, even if each eNB knows PHR values for carriers configured by the other eNB, since it may not be able to predict the uplink scheduling of the other eNB to the UE, the reported PHR values for the other eNB may not be so useful to determine power level for its own. In that sense, enhancement of PHR mechanism may not be so worthwhile with Alternative 1. In our view, thus Alternative 2 can be considered as a baseline and the necessary enhancement on power control should be further considered to handle power limitation cases. For example, when a UE experiences power limitation between two uplink transmissions to both eNBs, it can be informed to both eNBs so that power reduction can be attempted. 
Proposal 2: For power headroom reporting, reporting to each eNodeB only for carriers configured by itself is baseline. 
5. Power scaling for UL transmission
In dual connectivity, it could be considered that each cell group has at least one PCell-functioning cell (e.g. PCell in Master Cell Group and S-PCell in Secondary Cell Group). In other words, it would be supported the case where both PUCCH on PCell and PUCCH on S-PCell is transmitted simultaneously. As a result, additional combinations of channels or UCIs to be transmitted simultaneously would be presented. 
     Basically, it could be assumed that priority rule for power scaling considers channel type (or UCI type) first. For example, PRACH would have the highest priority. Next, regardless of PUCCH or PUSCH, channels including HARQ-ACK (and/or SR) would have the next highest priority. Next priority will be ordered by aperiodic CSI, aperiodic SRS, periodic CSI, and periodic SRS. As a next step, for channels with the same priority, cell type or index would be additionally considered with following order: PCell > S-PCell > SCell. For instance, if PUSCH including HARQ-ACK on PCell and PUCCH including HARQ-ACK on S-PCell are transmitted simultaneously, then PUCCH power will be scaled down first. 
     Another approach which prioritizes all channels on PCell first could be considered. In dual connectivity, all RRC functions for both MeNB and SeNB would be managed and controlled by only MeNB. Furthermore, it is expected that voice communication is supported by PCell associated with MeNB for better QoS. Therefore, in that point of view of protecting transmission related to RRC configuration and voice communication, it could be reasonable that uplink channels on PCell have the highest priority. However, it is possible that this rule cause degradation in throughput performance of SCells for data boosting. Then, one possible approach to mitigate this problem is to restrict channels on PCell to be prioritized. For instance, PRACH, PUCCH, PUSCH with UCI, and UL SPS PUSCH (for voice communication) could be considered as prioritized channels on PCell. 
Proposal 3: It is necessary to consider protecting physical channels relevant to RRC signalling, voice communication to PCell. Thus, giving highest priority on PRACH, PUCCH and SPS PUSCH on PCell can be considered.
6. Conclusion
This contribution discussed the issues related to physical layer aspect of dual connectivity. Our observation and proposal are as follows:

Proposal 1: RLF indication for S-PCell reported to PCell can be considered. 
Proposal 2: For power headroom reporting, reporting to each eNodeB only for carriers configured by itself is baseline. 
Proposal 3: It is necessary to consider protecting physical channels relevant to RRC signalling, voice communication to PCell. Thus, giving highest priority on PRACH, PUCCH and SPS PUSCH on PCell can be considered.
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