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1 Introduction

In RAN2 contribution [1], there are some discussions about carrier aggregation on different levels (e.g. MAC level, PDCP level etc.).  To support the aggregation of carrier on different levels, the corresponding physical layer design is discussed in this contribution. The commonality and difference for the design to support aggregation on different levels are analyzed. 

2 Discussion 
2.1 Background 
In LTE, the typical multiple connectivity technologies include CA (i.e. Aggregation of carrier on MAC layer) and DC (i.e. Aggregation of carrier on PDCP layer). For CA scenario, ideal backhaul between multiple carriers is assumed. The main difference of CA from DC is its aggregation at MAC layer, which allows the delivery of physical layer signaling and control information of secondary carrier through master carrier without any latency issue. For example, cross carrier scheduling can be supported for CA scenario and UL control information of secondary carrier can also be transmitted in master carrier. Besides, downlink synchronization can be assumed for uplink power control, thereby, the TA difference between different carriers is small.
While for DC scenario, non-ideal backhaul between different carriers is assumed. For example, cross carrier scheduler is not supported for DC scenario. UL control information of secondary carrier can only be transmitted at secondary carrier itself. In addition, except for possible synchronization case between different carriers, asynchronous case with large TA difference needs to be considered. Thereby the overlapping issue of two channels in SCG1 and one channel in SCG2 is dominating and a power allocation method between these overlapped channels had been considered in LTE DC scenario. 
2.2 Common designs to support of aggregation of carrier on different levels 
· Motivation
Different from LTE, the difference of transmission time granularity between master carrier and secondary carrier may be large in 5G. For example, the transmission time granularity of master carrier at 2GHz may be 1ms and the transmission time granularity of secondary carrier at 38GHz may be 0.125ms.    
Due to large backhaul latency, cross carrier scheduling and cross carrier HARQ-ACK are not supported in LTE DC scenario. While based on this large difference of transmission time granularity in 5G, if cross carrier scheduling and cross-carrier HARQ-ACK are supported on the scenario of MAC level aggregation, large HARQ timing delay for secondary carrier  can be observed also, as in Figure  1. Thereby, a joint consideration for both HARQ timing delay and backhaul delay is needed for cross carrier scheduling and cross-carrier HARQ-ACK in 5G also for the scenario of MAC level aggregation. 
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Figure 1 An illustration of large HARQ timing delay based on cross carrier scheduling in 5G
As for uplink power control, small TA difference can be assumed for CA scenario. On the other hand both small TA difference and large TA difference need to be considered for DC scenario. CA scenario can be regarded as a special case of DC scenario. 
Even in CA scenario, one subframe of master carrier may overlap with several subframes of secondary carrier. This overlapping issue for uplink power control is similar with overlapped channel issue of asynchronous case in DC scenario.  
From the above discussion and analysis, it can be found that the scenario of aggregation of carrier on MAC layer is more like the scenario of aggregation of carrier on PDCP layer in 5G in some cases.  Therefore, it is desired to strive for a common design between aggregations of different levels. And based on this design, a flexibly support of any aggregation of carrier on MAC layer or PDCP layer can be achieved in 5G. As discussed in [1], in this way, it can make many network characteristics transparent to the UE and make the UE implementation simple.
Proposal 1: Striving for a common physical layer design between different aggregations of carrier on MAC layer or PDCP layer should be considered in 5G.

· Common design
Firstly, cell search procedure in master carrier (e.g. LTE carrier) can be done to access to the master carrier.  Broadcast/system information for a secondary carrier can be transmitted in master carrier. And in order to achieve downlink synchronization and uplink timing advance for secondary carrier, synchronization signal and RACH need to be transmitted in the secondary carrier. Then data transmission in secondary carrier is performed. Thereby, a common processing of initial access and data transmission is possible for aggregation of different levels. 

For the delivery of uplink control information in 5G, this information of secondary carrier is mainly delivered by secondary carrier itself for aggregation of different levels [2]. Furthermore, an assisted delivery from master carrier can be configured (e.g. by RRC signaling) according to the tradeoff for latency and reliability.
For uplink power control, as discussed in background, the overlapping of a long subframe and several short subframes is a DC like problem. Thereby, a DC like design for power control should be considered in 5G.  For example, this unified power allocation method can be based on a threshold of channel overlapping in time domain. Irrespective of different levels of aggregation, when this overlapping time interval is more than the threshold, DC like power allocation considering channel priority should be considered.

As discussed in [2], if cross carrier scheduling is supported in 5G, a unified design for cross carrier scheduling should be based on a joint consideration for both backhaul delay and HARQ timing delay.

Proposal 2:  Common design on physical specific areas including initial access, UCI, PC, cross-carrier scheduling need to be further studied to support of aggregation of carrier on different levels in 5G. 

2.3 Different designs to support of aggregation of carrier on different levels

For the aggregation of carrier on MAC layer, further enhancements including parameterization is not excluded.  For example, the coordination of power allocation between different carriers can be more dynamic and flexible. Compared with the aggregation of carrier on PDCP layer, more accurate power allocation can be done. In addition, the delivery of cross carrier UL /DL control information is more easily supported for the aggregation of carrier on MAC layer.   
Proposal 3:  Further physical layer enhancements for the aggregation of carrier on MAC layer should be studied in 5G. 
3 Conclusions 

In this contribution, we discuss the physical layer design to support the aggregation of carrier on different levels. Based on these discussions, the following proposals are suggested. 
Proposal 1: Striving for a common physical layer design between different aggregations of carrier on MAC layer or PDCP layer should be considered in 5G.

Proposal 2:  Common design on physical specific areas including initial access, UCI, PC, cross-carrier scheduling need to be further studied to support of aggregation of carrier on different levels in 5G. 

Proposal 3:  Further physical layer enhancements for the aggregation of carrier on MAC layer should be studied in 5G. 
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