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1. Introduction 
RAN2 has started to discuss challenges and potential solutions for small cell enhancement from RAN2 #81 meeting. Dual connectivity was identified and captured in [1] as one potential solution. The impact of dual connectivity is not only on higher layers but also on the physical layer. Though the discussion of several different possible architectures to realize dual connectivity is still going on in RAN2, it is of benefit to start the study of relevant physical layer aspects to support dual connectivity. 
In this contribution, we share some initial consideration on potential physical layer techniques to support dual connectivity. 
2. Discussion 
When a UE is served by both Macro cell and small cell, it appears like inter-eNB CoMP or inter-eNB CA from the physical layer angle, corresponding to co-channel scenario 1 and non-co-channel scenario 2 respectively. Different from Rel-11 CoMP and CA scenarios, which assume intra-eNB and ideal backhaul between multiple points/CCs, macro cell and small cell would likely be controlled by different eNBs and be connected by non-ideal backhaul [2]. Thus, the existing techniques depending on short latency could not work properly to support efficient dual connectivity of macro cell and small cell with non-ideal backhaul. 
Although there are several candidate architectures to implement dual connectivity, and there is no final decision yet by RAN2, at least the MAC layer and physical layer of both the macro cell and small cell would be independently supported for all candidates. The following discussion is based on this assumption.  
2.1 Dual connectivity for non co-channel scenario 2

In scenario 2, a UE with dual-connectivity is connected to both a macro and a small cell on different frequencies could works in a mode similar toCA, but inter-eNB. Unlike intra-eNB CA, where is only a single MAC entity for all CCs, both the macro and small cell would need to be equipped with separate MAC entity which enables independent scheduling and HARQ by each eNB. To support timely scheduling, it is more proper to transmit the scheduling related information directly from/to corresponding eNB via (E)PDCCH/PUCCH, to avoid the high latency due to non-ideal backhaul.
The scheduling related UCI includes HARQ ACK/NACK, SR, periodic and aperiodic CSI. If a UE has multiple Tx chains, it is straightforward to transmit ACK/NACK and CSI on corresponding CCs. As for SR, whether it is necessary to transmit SR on small cell when there is no resource allocation on small cell depends on bearer split and U-plane protocol stack [3]. Consequently, there could be simultaneously PUCCH transmission on both macro and small cell at least containing ACK/NACK and/or periodic CSI, while in Rel-11 only one PUCCH can be transmitted in PCell. There could also be simultaneously PUSCH transmission with UCI on both CCs while in Rel-11 UCIs of all CCs are combined together to transmit on PUSCH on one CC. One potential issue of the simultaneous PUCCH/PUSCH transmission on multiple CCs is power control. Since it is almost impossible to exchange the scheduling information between eNBs frequently due to non-ideal backhaul, the sum of transmission power of each CC decided by different eNBs is more likely to exceed the maximum power. Therefore, it is necessary to design power scaling rules for new UL channel combinations when UE would exceed the maximum power.  
If a UE has single Tx chain, the UE is only able to connect to either the macro or small cell at any one time in semi-static TDM manner. This may be according to a predefined pattern or always connected to one cell. In the case of TDM, the period allocated to UL transmission on one CC could be 8ms to be aligned with current HARQ timing[4]. A switching period should be configured to allow RF retuning between different frequencies. Figure 1 gives an example. The main drawback of such UL resource partition pattern is poor downlink resource usage efficiency. DL subframes are unused due to unavailable UL resource for corresponding ACK/NACK response even though the UE has multiple Rx chains. One approach to improve the downlink scheduling flexibility is to loosen the HARQ timing. For example, ACK/NACK feedback of multiple DL subframes could be transmitted in one UL subframe, which is similar as aggregated ACK/NACK feedback in TDD system [4]. The latency of retransmission will be increased, but it might not be an serious issue at least for small cell considering that delay sensitive services could be always transmitted on macro cell. As for periodic CSI feedback, UE could simply transmit the periodic CSI of the DL CC which is paired with the UL CC to which the given subframe is allocated, and drop other CC’s periodic CSI. For example, if the periodic CSI of small cell DL CC is to be reported in n+4 subframe, UE will drop the CSI report because n+4 subframe is allocated for macro cell UL transmission. An alternative is to transmit the periodic CSI of one DL CC according to the priority rule defined in Rel-10. For example, if the periodic CSI report of both macro and small cell DL CC are to be reported in n+4 subframe, where CSI report of small cell has higher priority than that of macro cell, UE will drop the CSI of macro cell and transmit the CSI of small cell on macro UL CC in n+4 subframe. Then, macro cell shall forward the received CSI to small cell. The latency due to non-ideal backhaul would impact the scheduling efficiency at small cell. In the case of a UE always connected to one cell, UCIs of all cells can only be transmitted to that cell. To correctly decode the UCIs, the information of periodic CSI period and offsets of all cells should be informed to the given cell. Moreover, the given cell shall try to detect potential ACK/NACK in every subframe because the cell could not know whether other cell schedules downlink transmission. 
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Figure 1 One example for TDM option for scenario 2
For the downlink, cross-carrier scheduling is not desirable for inter-eNB with non-ideal backhaul unless a UE only has one Rx chain. Another issue is whether to transmit random access response (RAR) on DL CCs other than PCell. Generally, macro and small cells belong to different TAGs as they are rarely co-located and deployed on different frequency bands. A UE could transmit preamble on both cells, which is already supported in Rel-11. In addition, a UE without configured SR resource on small cell may transmit PRACH preamble on the small cell. Naturally, it would be better to receive RAR on the same small cell to accelerate the RACH procedure without long time waiting caused by preamble reception information forwarding from the small cell to macro cell eNB. As RAR could only be transmitted in common search space (CCS) , a UE has to monitor CCS on the small cell which will increase the number of blind decoding attempts. On the other hand, if RAR transmission is still restricted to PCell as in Rel-11, UE could not figure out the target of RAR if the UE simultaneously transmits the same preamble on both macro and small cell . Therefore, the support of CCS monitoring on small cell and how to transmit RAR needs further study. 
Proposal 1: In non co-channel scenario 2, for UEs with multiple Tx chains, dual-connectivity with both macro and small cell could be achieved by a mode similar to CA, but inter-eNB. It is beneficial to transmit at least ACK/NACK and CSI feedback on corresponding CCs to keep current HARQ timing and timely scheduling. New UL power control scheme should be studied for new combination of UL signals.

Proposal 2: In non co-channel scenario 2, for UEs with single Tx chain, dual-connectivity with both macro and small cell could be achieved by semi-static TDM approach or simply a single connection to one cell. The UL resource partition pattern needs to be well designed and could be used together with aggregated ACK/NACK to achieve more flexible downlink scheduling. 
Proposal 3: In non co-channel scenario 2, cross-carrier scheduling is not desirable for inter-eNB with non-ideal backhaul unless a UE only has one Rx chain. The support of CCS monitoring on small cell and how to transmit RAR needs further study. 
2.2 Dual connectivity for co-channel scenario 1

In scenario 1, macro and small cells are deployed on the same frequency. A UE can communicate with macro and small cells in either FDM or TDM manner with the minimum requirement of UE CA capability, i.e. single RX/TX. For both FDM and TDM, the synchronization between macro and small cell would impact the reception but to a different degree. For FDM, if macro and small cell are synchronized within the CP, there will be no interference, although the periodic phase rotation caused by the time difference could degrade the channel estimation performance. On the other hand, if the time difference is larger than CP, it would require more complicated reception algorithm to deal with the inter-cell interference . For TDM, there will be either an overlap or a gap in-between the sequential subframes that are allocated to different cells even if macro and small cell is synchronized with in the CP. Thus, at least a fraction of one OFDM symbol should be reserved as a guard period to avoid inter-cell interference while the guard period should be as short as possible to guarantee the resource usage efficiency.  

Another aspect to be considered is the UL power control especially when a UE transmits to macro and small cell simultaneously on different PRBs in an FDM manner. Traditional UL power control is only related to single cell pathloss. During UL CoMP discussion in Rel-11, it is proposed that multiple-point pathloss should be considered to generate an effective pathloss. For both single point or multiple point reception, only one pathloss value is considered across all allocated bandwidth of PUSCH. But for UEs with dual-connectivity, separate pathloss value would be desired to enable independent optimization of UL transmission power for macro and small cell. The transmit power would fluctuate dramatically across different PRBs, e.g. when a UE is very close to the small cell, the impact of RF should be investigated. 
For UCI transmission, both macro and small cell could naturally simultaneously receive the UL signal because they’re deployed on the same frequency. Thus, there would be no problem of HARQ timing or outdated CSI due to non-ideal backhaul. To guarantee robust reception at both cells, the UL power control needs some enhancement which could be similar to that discussed for UL CoMP in Rel-11. 
Proposal 4: In co-channel scenario 1, dual-connectivity with both macro and small cell could be supported by a UE with single RX/TX chain. The impact of synchronization among cells needs investigation. The enhancement of UL power control taking multiple pathloss value into account should be considered.
3. Conclusions

In the contribution, we discussed potential physical layer impacts of dual-connectivity for both co-channel and non co-channel small cell deployment. Our initial proposals are,  
Proposal 1: In non co-channel scenario 2, for UEs with multiple Tx chains, dual-connectivity with both macro and small cell could be achieved by a mode similar to CA, but inter-eNB. It is beneficial to transmit at least ACK/NACK and CSI feedback on corresponding CCs to keep current HARQ timing and timely scheduling. New UL power control scheme should be studied for new combination of UL signals.

Proposal 2: In non co-channel scenario 2, for UEs with single Tx chain, dual-connectivity with both the macro and small cell could be achieved by semi-static TDM approach or simply a single connection to one cell. The UL resource partition pattern needs to be well designed and could be used together with aggregated ACK/NACK to achieve more flexible downlink scheduling. 
Proposal 3: In non co-channel scenario 2, cross-carrier scheduling is not desirable for inter-eNB CA with non-ideal backhaul unless a UE only has one Rx chain. The support of CCS monitoring on small cell and how to transmit RAR needs further study. 
Proposal 4: In co-channel scenario 1, dual-connectivity with both macro and small cell could be supported by a UE with single RX/TX chain. The impact of synchronization among cells needs investigation. The enhancement of UL power control taking multiple pathloss value into account should be considered.
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