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1 Introduction

In RAN meeting #62, much progress has been made on dual connectivity and a new work item was approved as in [1]: 
The work item aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in Master and Secondary eNBs. Taking the conclusions of the Study Item (36.842) as starting point, the work item should fulfil the following objectives:
-
Introduce functions and procedures to realise C-plane and U-plane protocol and architectures supporting alternatives 1A and 3C.

-
Signalling and protocol support for dual connectivity will first focus on reconfigurations involving either 1A or 3C, and reconfigurations involving both 1A and 3C will only be later considered if requiring minimal additions.

-
Introduce functions and procedures on the S1and X2 interfaces.
-
Identify and introduce physical layer functionalities required for the operation of Dual Connectivity.
-
After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.
-
Specify corresponding UE and eNB core requirements.
In 36.872 [2], the foreseen physical layer impacts of dual connectivity were described. Possible areas of L1 impact include:
· For any UE supporting dual connectivity:
· Support of separate UCI (e.g., carrying ACK/NACK and CSI feedback, etc) transmission for MeNB and SeNB cells.

· How to handle SR needs to be further studied
· Support of independent configurations for UL channels and signals (e.g., PUSCH, PUCCH, DM RS, SRS, etc) toward MeNB and SeNBs

· If other mechanisms for handling of random access procedure, system information and/or paging reception other than what is supported for CA needs to be defined, e.g. possible support of monitoring CSS in a SeNB cell.

· If any additional power control function including PHR other than what is used for CA (e.g. separate closed-loop and open-loop) needs to be supported.

· In addition, for a UE with the capability of multiple downlink/multiple uplink reception/transmission in one subframe

· If any additional power control setting/scaling including PHR and prioritization between UL channels targeting different cells other than what is supported for CA needs to be supported.
· If UEs need to support wider range of time difference between TAGs, other than what is supported for CA.
· If it is needed to support UEs without simultaneous PUCCH/PUS(C)CH capability.
This contribution analyzes the physical layer functionalities required for the solutions to support dual connectivity with non-ideal backhaul under the assumption of UEs supporting multiple Rx/Tx. 
2 Physical layer functionalities for Dual Connectivity
With ideal backhaul, current CA mechanism may be used as inter-point CA to support dual connectivity on different frequencies. With non-ideal backhaul, inter-point CA cannot function properly if the backhaul has delay to certain extent which affects the timely exchange of cross-carrier scheduling information, CSI  and HARQ signaling information between points. To support dual connectivity with non-ideal backhaul, the impact on physical layer depends on UE capabilities and network deployment scenarios. For the UEs supporting multiple Rx/Tx, independent links can be set up such that simultaneous transmission/reception can be done for different eNBs. To support independent links, DCI/UCI detection process on secondary cell needs to be studied.  
2.1 UCI transmission for Dual Connectivity
2.1.1 UCI on PUCCH
In Release 10/11, as introduced by CA, the UCI including HARQ-ACK/NACK signalling, scheduling request (SR) and channel state information (CSI) feedback need to support up to five DL CCs. UCI is time multiplexed on one UL CC only. That is UCI carried on PUCCH is always transmitted in primary cell considering the UE power limitation and channel quality. For the non-ideal backhaul between the transmission points, dual-connectivity with CA involves multiple eNBs. It may be necessary of each eNB performing its own scheduling and having its own HARQ-ACK, for tight and fast interworking between the MeNB and the SeNB. Thus, mechanisms for transmission of HARQ-ACK on PUCCH of the corresponding SeNB may need to be considered as part of potential enhancements to the existing CA operations to support dual connectivity in Rel-12. 
As for SR, independently transmitting SR of the MeNB and SeNB is preferred for which can simplify the higher layer design and UE complexity. There are two schemes for UE to transmit two SRs for the MeNB and SeNB independently:

Alt 1: UE can transmit two SRs to MeNB in different subframes. In this case, MeNB needs to forward the secondary cell’s SR information to SeNB, which may cause latency, but can improve the robustness of the SeNB’s SR.
Alt 2: UE can transmit two SRs individually to MeNB and SeNB. In this case, two eNBs can receive SR in corresponding carrier, and no latency issue exists, but the robustness of SeNB’s SR may be worse than Alt 1.
2.1.2 UCI on PUSCH
In CA, for periodic CSI and/or HARQ-ACK, if simultaneous PUCCH and PUSCH transmission is not enabled, and there is at least one PUSCH transmission, all UCI is multiplexed onto that PUSCH. If the primary cell PUSCH in the subframe is transmitting, all the UCI shall be transmitted on primary cell PUSCH. If the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at least one secondary cell, all the UCI shall be transmitted on PUSCH of the secondary cell with smallest SCellIndex; where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH. If simultaneous PUCCH and PUSCH transmission is enabled, and there is at least one PUSCH transmission, HARQ-ACK is transmitted on PUCCH in primary cell. Periodic CSI feedback is normally transmitted on the primary cell’s PUSCH if it is transmitted. If the primary cell’s PUSCH is not transmitted, the periodic CSI is transmitted on the secondary cell’s PUSCH of the serving cell with smallest SCellIndex.
The above existing CA policy and rules should be largely reused for dual-connectivity. If simultaneous PUCCH and PUSCH transmission is not enabled, and there is at least one PUSCH transmission for each eNB, the HARQ-ACK and periodic CSI feedback of one DL carrier belonging to one eNB are multiplexed onto the PUSCH of the corresponding UL carrier belonging to one eNB. If the PUSCH of the carrier is not transmitted, the HARQ-ACK and periodic CSI feedback corresponding to the carrier are transmitted onto the PUSCH of the carrier belonging to MeNB or the SeNB transmitting PUSCH with the lowest SeNB index. If simultaneous PUCCH and PUSCH transmission is enabled, the HARQ-ACK and periodic CSI feedback of one DL carrier belonging to one eNB are multiplexed onto the PUSCH of the corresponding UL carrier. If the PUSCH of that UL carrier is not transmitted, the HARQ-ACK and periodic CSI feedback corresponding to the carrier is transmitted onto the PUCCH of the corresponding UL carrier.
Since A-CSI feedback is triggered by the UL grant on a DL carrier of one eNB.  It is natural and preferred that the A-CSI feedback is multiplexed on the UL carrier of the eNB corresponding to the DL carrier of the eNB transmitting UL grant.  Therefore, individual A-CSI feedback would be transmitted onto UL carriers of one eNB corresponding to DL carrier of the eNB. That way, different eNBs could individually transmit the UL grant over their corresponding DL carriers. However, one possible exception could be for delay insensitive case, A-CSI feedback for different eNB s could be transmitted on one of the UL carriers connected to one eNB due to low sensitivity on feedback delay. Then the current triggering mechanism, i.e., 2-bit CSI triggering field associated with RRC configuration, could be reused [3].
Observation 1: Individual UCI transmission on the corresponding eNB s can simplify the specification.
2.2 Power control
Power control for simultaneous transmission of PUCCH and PUSCH is specified in Rel-11 CA mechanism. However, power control for CA is based on the assumption that component carriers are co-located or connected with ideal backhaul between RRUs. For non-ideal backhaul, due to the non-negligible latency, power control command cannot be transferred timely between primary cell and secondary cell. Thus, power control in CA cannot support dual connectivity for non-ideal backhaul.

2.2.1 Power scaling for Dual Connectivity
In Release 10/11, the priority of power scaling is PUCCH>PUSCH with UCI>PUSCH without UCI. That is when PUSCH and PUCCH/PUSCH with UCI transmitting in the same subframe and the total power exceeds the PcMAX, the power of PUCCH/PUSCH with UCI should be ensured firstly and the PUSCH without UCI can be equally divided the residual power. Due to the ideal backhaul assumption, cells can calculate the power scaling value approximately equal to the power scaling value of UE in time and receive the UL transmission correctly. 
As already mentioned, a UE configured for dual connectivity may need to transmit uplink control information individually to the desired eNB. If the pathloss from the UE to each eNB is significantly different, separate power control loops may be required. One potential issue of the simultaneous PUCCH/PUSCH transmission on multiple eNB s is power control. Since it is almost impossible to exchange the scheduling information between eNB s frequently due to non-ideal backhaul, the sum of UE transmission power decided by different eNB s is more likely to exceed the maximum power and increase PAPR significantly. Therefore, it may be necessary to design power scaling rules for new UL channel combinations when UE would exceed the maximum power and the PAPR may be significantly increased.
2.2.2 PHR transmission for Dual Connectivity
For dual connectivity, the calculation for pathloss needs to be based on the targeted eNB for transmission. The PHR for UL transmission intended for MeNB needs to be performed with reference to MeNB, the PHR for UL transmission intended for SeNB needs to be performed with reference to SeNB. Considering UE needs to share its power on all UL carriers where it is transmitting simultaneously and the backhaul delay between MeNB and SeNB, which may make timely exchange of PHR between MeNB and SeNB impossible, the total available power may be closer to be exceeded frequently. To ease the situation it would be useful for each corresponding eNB to know the available power headroom for the UE on all the UE’s UL carriers. Hence, the eNB need a PHR report for each corresponding carrier and power scaling schemes may be necessary, some modifications may be introduced for PHR transmission for dual connectivity.
Observation 2: Power scaling and PHR transmission enhancement is necessary for dual connectivity.

2.3 CSS detection
In R11 CA, a UE monitors system information, paging information, RACH information only in primary cell CSS to reduce the maximum number of blinding detection on PDCCH/EPDCCH. For dual connectivity, the question is whether it is necessary for the UE to monitor CSS information on SeNB. 
For system information, the UE can receive SeNB’s system information from MeNB’s UE specific signalling for loose time requirement. 
Paging in RRC_IDLE mode is mainly used for the network to wake a UE up if there is a need from the network side to communicate with the UE. Hence, dual connectivity as such would be used only in RRC_CONNECTED mode and there would not be a need to the UE to monitor paging in SeNB for this purpose. However paging is also used to indicate that the cell has changed it system information. In order to receive SeNB’s system information from MeNB, UE should monitor paging information on MeNB. 
RAR is always transmitted by CSS on the primary cell in response to the PRACH preamble in R11 CA. However, in dual connectivity scenario, RACH procedure may be different from that of R11 CA since the backhaul latency could be an issue to forward RAR from the SeNB to the MeNB. For example, if RAR is still transmitted on the primary cell only, the following procedure would be: the MeNB’s PDCCH orders to trigger PRACH transmission on SeNB for UL synchronization and scheduling request on the SeNB; UE transmits PRACH to the SeNB with configured PRACH resource; the SeNB receives the PRACH and feedback the corresponding Msg2 information to the MeNB; then MeNB would transmit the RAR to UE. Because the latency (up to 60ms) on backhaul maybe large and inconstant, which may exceed the ra-ResponseWindowSize or mac-ContentionResolutionTimer (if contention random access is introduced for secondary cell), configuring a large ra-ResponseWindow could be a sloution but which may increase the acecess time. Therefore, independent RAR transmission per different network point should be considered to support dual connectivity for independent resource allocation and scheduling.
Observation 3: UE monitors the CSS on SeNB for system information and Paging is not essential.

Observation 4: UE may need to monitors the CSS on each SeNB individually for RAR to reduce the access time.

2.4 Cross-carrier scheduling
According to the non-ideal backhaul assumption, the latency may be up to 60ms, which makes cross-carrier scheduling difficult if not impossible to be applied without modifying the relationship of scheduling timing since the scheduling information needs to be forwarded from the SeNB to the MeNB. If cross-carrier scheduling has to be supported, then increasing the number of HARQ process is a possible solution [4].
Observation 5: Cross-carrier may not be supported for dual connectivity; otherwise the number of HARQ process may be enhanced.
3 Conclusion
This contribution gives our opinion on the physical layer functionalities for supporting dual connectivity with non-ideal backhaul under the assumption UE supports multiple Rx/Tx. Based on the analysis, we have the following observations: 
Observation 1: Individual UCI transmission on the corresponding eNBs can simplify the specification.

Observation 2: Power scaling and PHR transmission enhancement is necessary for dual connectivity.

Observation 3: UE monitors the CSS on SeNBfor system information and Paging is not essential.
Observation 4: UE may need to monitors the CSS on SeNB for RAR to reduce the access time.

Observation 5: Cross-carrier may not be supported for dual connectivity; otherwise the number of HARQ process may be enhanced.
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