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1. Introduction

Dual connectivity is an important part of the Small Cell Enhancement study item in RAN2[1].  The study of corresponding physical layer aspects is one of the objectives in the study item in RAN1[2].  The case with non-ideal backhaul between the nodes is of particular interest.
One motivation for investigating dual connectivity in Rel-12 is that previous deployment scenarios are not expected to perform well if non-ideal backhaul is introduced. For instance, legacy CA with macro and small cell on different carriers can work with ideal backhaul. If the backhaul requirements are relaxed, legacy functions may not work as expected. 
In [3], RAN2 identified scenarios and challenges to support dual connectivity.  Two of the scenarios are macro and small cells deployed with the same carrier frequency and with different carrier frequencies respectively.  This contribution analyzes the solutions to support dual connectivity with non-ideal backhaul in physical layer aspects under these two network deployment scenarios.

2. Dual connectivity with macro and small cells on different carrier frequencies
With ideal backhaul, inter-point CA can be used with current CA mechanism to support dual connectivity on different frequencies.  With non-ideal backhaul, inter-point CA cannot function properly if the backhaul has delay in certain extent which affects the timely exchange of cross-carrier scheduling information and HARQ control signalling information between points.   To support dual connectivity with non-ideal backhaul, the impact on physical layer depends UE capabilities and network deployment scenarios.   

For the UEs with CA capabilities for both DL and UL,  independent links can be set up such that simultaneous transmission/reception can be done for macro and small cells.  To support independent links, UCI information on SCell needs to be studied.  It is difficult for all UEs to support CA in different band combinations.  In particular for UL CA, it would increase the UE complexity.   Considering UEs without UL CA capabilities, either TDM or multiplexing /bundling approach can be considered to support uplink transmission to both macro and small cells. 
· TDM
For TDM, subframe based switching of UL transmission between small cell and macro cell is done.  One approach is to switch between macro and small cell carriers.  Another approach is to do UL transmission on one carrier only so that both macro and small cell receive UL transmission on the same carrier but in different subframes.  For example, small cells need to receive UL transmission on macro carrier but this would increase the complexity of small cells.  Comparing with the first approach, UE complexity is less as the UE needs to transmit on one carrier only.  In both cases, two independent PUCCHs/PUSCHs are sent, each targeting to each node.  Two different sets of uplink parameters e.g. power control or TA are used.
· Multiplexing/bundling in the same subframe
TDM scheme may waste some of the DL HARQ processes if there are two or more DL CCs because each subframe can be only used for feedback corresponding to one DL CC only.   Instead of TDM, multiplexing or bundling approach uses the same subframe to perform uplink transmission to both macro and small cell nodes.  In this case, both macro and small cell receive UL transmission on the same carrier in the same subframe.  Each node only needs to decode its corresponding part of the channel.  Same set of uplink parameters is used.  For example, power control can be done based on the worst link to make sure the transmission can reach both nodes.  Timing advance needs to be properly chosen considering both receiving nodes. 
Observation 1:  Dual connectivity without requiring UL CA should be considered.  Schemes like TDM and bundling/multiplexing needs to be further investigated.
The methods described above assume that a receiving node decodes its own control information and no control information is sent via backhaul.  An alternative to implement dual connectivity for UEs without UL CA capability is sending control information over backhaul from one node to another node.  In one scenario, the UL is received in a single node, for example the macro, while the DL is received on two carriers, for example one from the macro and one from a small cell. UL carrier TDM/multiplexing is not used.  Instead, the necessary uplink control information is forwarded on the backhaul to the node which does not receive an UL from the UE.  With non-ideal backhaul, this results in significantly delayed uplink control information at the node. The most time-critical parts of this information are the downlink ACK/NACKs and the CSI reports.  In a small cell scenario with low mobility, the impact of delayed CSI is typically less severe. Delayed ACK/NACKs, however, may have a significant impact on per-user throughput and system capacity, as explained in [4].
As described in more details in [4], the main problem with the delayed downlink ACK/NACKs is that the downlink transmission of new data to the UE stalls, due to no available downlink HARQ processes. The HARQ processes of the UE are all waiting for the ACK/NACKs from their latest transmission. 

Observation 2: Allowing for a UE-specific number of HARQ processes would alleviate some of the negative performance impact of sending ACK/NACKs over a non-ideal backhaul.  Configurable HARQ process number should be further investigated.

3. Dual connectivity with macro and small cells on the same carrier frequency
In the same frequency case, it is similar to HetNet CoMP scenarios with non-ideal backhaul.  Similar to different carrier frequency case, multiplexing/bundling in the same subframe can be considered to simultaneously transmit UL to both nodes.  However, in some cases, we may want to transmit UL only to the closest point to reduce UL interference and UE power consumption.  In this case, control information may need to be sent via backhaul from one node to another node.  Same HARQ issue described in section 2 would also happen in the same carrier frequency case.    
Observation 3: Some of the methods considered for separate frequency case can be applied to the same frequency case.

4. Conclusion
In this contribution, we discuss the physical layer impact of multiple solutions to support dual connectivity with non-ideal backhaul under the scenarios of macro and small cells with different carrier frequencies and with the same carrier frequency.  Based on the analysis, we have the following observations: 
Observation 1:  Dual connectivity without requiring UL CA should be considered.  Schemes like TDM and bundling/multiplexing needs to be further investigated.
Observation 2: Allowing for an increased number of HARQ processes for the UEs supporting dual connectivity would alleviate the negative performance impact.  Configurable HARQ process number should be further investigated.

Observation 3: Some of the methods considered for separate frequency case can be applied to the same frequency case.
5. Reference
 [1]
3GPP, RP-122033, NTT DOCOMO, “New Study Item Description: Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects.” 
[2]
3GPP, RP-122032, Huawei, HiSilicon, CATR, “New study item proposal for small cell enhancements for E-UTRA and E-UTRAN – physical-layer aspects.”
[3]          R2-130901, “Draft Report of 3GPP TSG RAN WG2 meeting #81”
[4]
R1-132085,  “On HARQ procedure for non-ideal backhaul”, ZTE
