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1. Introduction 
In RAN1 #72 bis meeting, a number of contributions [1]-[4] were submitted to the meeting on PHY layer aspect of small cell dual connectivity. But due to limited meeting time and other priority, none of them is presented and discussed.  In upcoming RAN1 #74 meeting, a separate agenda item on L1 impact of higher layer enhancement for small cell is allocated, which may include the discussion for PHY aspect of small cell dual connectivity. 
In this contribution, discussion on some PHY aspects of dual connectivity is presented and some initial views are proposed. 

2. PHY aspects of dual connectivity
In Rel-12, small cell will be introduced which will increase the system and UE throughput especially for some hot spot areas.  The small cell would normally be deployed in the coverage of macro-cell, and could be operated on the same frequency as macro-cell, or on a different frequency. As the coverage of small cells is small, one challenge that needs to be addressed is the UE mobility robustness. To solve this issue, dual connectivity has been proposed in RAN2.  Dual connectivity here means that a UE could connect to two or more cells, one is macro-cell and the other is small cell. With dual connectivity, when the UE is moving between small cells within the coverage are of a macro-cell, the normal handover issues between small cells could be eased as the UE could only transmit/receive using the connection with the macro-cell and thus avoid the frequent handover among small cell layers. The other advantage of dual connectivity could come from that most control information could be conveyed through macro-cell, while data transmission could be done by both macro and small cells, thus make the loading control in the system more flexible and better serve the purpose of small cell deployment. 

Dual connectivity could have both PHY aspect and higher layer aspect. In PHY layer, the dual connectivity means that a UE maintains two radio connections with two cells, but it may not necessarily mean that the UE needs to receive or transmit to two cells simultaneously at any time. 

2.1. Dual connectivity in downlink
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Figure 1:   Downlink dual connectivity
Figure 1 illustrates an example of downlink dual connection in a small cell deployment scenario. In small cell deployment, the macro-cell and small cell could operate on the same frequency (co-channel case) or on different frequency (non co-channel case).  For co-channel case, as two cells operate on the same frequency, it may be hard for the UE to access to both of them at the same time. One alternative would be to configure UE to connect with two cells in a TDM fashion. For example,  the UE could access to macro-cell on a set of subframes, while access to small cell on another set of subframes.  Such sets of subframes could be configured and signalled to the UE in a semi-static manner. Some issues could arise for this approach. For example, if both cells need to support Rel-8 legacy UE, which are not aware of such set of subframe configuration, the long term measurement such as RRM, RLM may see degradation because in different sets of subframes, CRS coming from different cells may be transmitted from different time/frequency resources and experience difference channels and interference. For Rel-10 UE that supports ABS configuration, the impact could be smaller as they could be configured to receive transmission only from one cell on one set of subframes.  Configuring different set of subframes to receive from different cells could also restrict uplink transmission especially control signal as they need to be directed to different cells respectively. 
Observation 1
· Supporting dual connectivity using TDM method may have impact on legacy UE. 

The dual connectivity issues from the co-channel case may disappear for non co-channel case. In this case, the macro-cell and small cell would operate on different frequency.  To support dual connectivity, the UE needs to connect two cells on two frequencies simultaneously. That looks similar as to support downlink CA.  However, if non-ideal backhaul is assumed between macro-cell and small cell and synchronization among cells are not guaranteed, Rel-10 CA mechanism may not be applicable here. To solve this issue, the UE shall either be capable of supporting two completely separate carriers at the same time or be able to support features that will be developed in Rel-12 study item on CA with non-ideal backhaul.   
Supporting completely separate two carriers simply means that UE has two receivers, one to receive signals on each frequency band.  That would require no standard efforts in RAN1. From UE perspective, supporting two RF chains for two separate frequencies (carriers) independently would require similar  complexity as supporting CA of two carriers.  The band combination defined for CA could be used for supporting two separate carriers while more band combination may need to be defined based on spectrum availability for small cells. For UE baseband, the complexity could also be similar between processing two separate carriers and processing two aggregated carriers. In fact, processing two separate carriers sometime may have some advantages as the baseband can buffer data for each carrier independently, while for CA, if cross-carrier scheduling is used, baseband may need to buffer more data for secondary carrier before it decodes PDCCH on the primary carrier. This could become even worse if two carriers are not fully synchronized, which can be very likely considering two carriers come from different cells.  Taking this into consideration, supporting separate carriers seems having less stringent requirement on network synchronization among small cells and therefore may provide a more practical solution. On the other side, some optimization could be done in the UE baseband for CA such as sharing decoder, however that could rely on the network synchronization and depend on the implementation.   .   
Observation 2

· Supporting two separate carriers may require similar complexity at UE compared with CA and its requirement for network synchronization is less stringent. 

Based on the above analysis, we feel that supporting two completely separate connections could be a viable solution and could be considered first because it requires no standard efforts in RAN1, as well as need similar complexity at UE and less stringent on network synchronization.  UE capability could be defined for those UE that support such feature.  RAN4 may need to define more band combination and testing cases, if such band combinations are not defined yet. 
Proposal:

· Independently supporting two connections on two separate frequencies, one for macro-cell and one for small cell, in downlink could be considered as a viable solution. 
· UE capability could be defined to support this feature. 
· Other solutions could be further studied and the decision on adopting such solutions shall be based on standard efforts, UE complexity and performance benefits. 
2.2. Dual connectivity in uplink
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Figure 2: Uplink dual connectivity
Figure 2 illustrates an example of uplink dual connection in a small cell deployment scenario.  For uplink, dual connectivity is a bit more complicated and more complexity could be added to the UE. Similar to the downlink, if it is co-channel case, then TDM could be used to multiplex uplink transmission to different cells.  The sets of subframes that are used for uplink transmission should be configured to correspond to those configured for downlink transmission, thus maintain some timing relation between downlink and uplink to facilitate the transmission of ACK/NAC and other uplink control signal. 
For the case of non co-channel case, two approaches could be considered, one is to transmit to each cell in its own uplink frequency, which is similar to receive from each cell in its own downlink frequency. However, that requires the UE to support simultaneous uplink transmissions (a.k.a. 2-TX) , which is not supported in Rel-10 yet. At UE side, two RF chains will be needed to support this.  Even though there is additional complexity for this on the UE side, considering that UE may soon be required to support uplink CA, such extra complexity could already be considered in the product development.  RAN4 may need to define the band combination and testing case to support this. Alternatively, only one uplink is supported (a.k.a. 1-TX), for example, to macro-cell and/or small cell, and information intent to each cell could be multiplexed either in TDM, FDM or combined manners. If uplink transmission is intended to one cell, after receiving the uplink transmission by one cell, the information intended for another cell could be routed via other links such as backhaul.  Considering non-ideal backhaul could be used in some small cell deployment, this solution has some drawbacks because some uplink transmission such as control signal could not tolerate long delay of backhaul link. 
Supporting two simultaneous uplink transmissions on different frequencies may require less standard efforts comparing with other solution such as TDM solution. However, unlike downlink, it may still need some standard efforts to resolve some issues.  For example, uplink power control could become an issue if a UE transmits to two cells at the same time. Some priority rule may need to be defined, when multiple uplink transmissions overlap with other in time, to make sure the total transmit power does not exceed the  maximum transmit power of UE .  The other issue needs to be considered is the timing advanced group (TAG). When a UE transmits to two cells, due to different distances between UE to each cell, different TAGs may need to be used for different radio links.    
Based on the above analysis, it seems that supporting dual connection, namely two independent and simultaneous uplink transmissions on different frequencies could be a viable solution to start with as it requires relatively small standard effort in RAN1, plus the UE complexity increase seems predictable/manageable.  Similar as downlink, UE capability could be defined to support this feature. 
Proposal:

· Independently supporting connections on two separate frequencies, one for macro-cell and one for small cell, in uplink could be considered as a viable solution. 
· UE capability could be defined to support this feature. 
· Other solutions could be further studied and the decision on adopting such solutions shall be based on standard efforts, UE complexity and performance benefits. 
3. Conclusions

In this contribution, some PHY aspects of supporting dual connectivity for small cell deployments are discussed and compared.  Some observations are made which lead to some initial proposals as summarized below for consideration
Proposal:

· Independently supporting two connections on two separate frequencies, one for macro-cell and one for small cell, in both uplink and downlink could be considered as a viable solution 
· UE capability could be defined to support this feature. 
· Other solutions could be further studied and the decision on adopting such solutions shall be based on standard efforts, UE complexity and performance benefits. 
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