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1 Introduction

System evaluation for the standalone NCT (S-NCT) is on-going, and at least load balancing gain can be achieved in HetNet scenarios especially when the proportion of non-CA-capable UEs is not small [1][2]. The further evaluation for the standalone NCT can be found in [3]. If the standalone NCT is agreed to be introduced, the enhanced broadcasting channel, the enhanced common search space (eCSS) and related radio link monitoring scheme should be standardized according to the NCT WID [4]. However, for the non-standalone NCT (NS-NCT), there may also be motivations to introduce the eCSS and/or the broadcasting channel, such as for supporting the case with non-ideal backhaul, and PMCH on SCell. In addition, offloading for non-CA-capable UEs to the NS-NCT is also promising. In this contribution, we discuss these topics for NS-NCT design. 
2 Extension of non-standalone NCT
To maximize the flexibility of network deployment, it should be possible to deploy a NS-NCT on a Macro or a Pico layer, associated with a backward compatible carrier type (BCCT). The backhaul between the two eNBs deployed with the BCCT and the NS-NCT can be ideal or non-ideal. The detailed descriptions can be found in [5]. Based on the scenarios, standard impact for the NS-NCT is discussed in the following. 
2.1 Support for non-ideal backhaul
At the RAN#58 plenary meeting, a new study item on small cell enhancements – higher layer was approved [6], where the dual connectivity to macro and pico nodes can be achieved to realize inter-eNB carrier aggregation (CA) with non-ideal backhaul between macro and pico cells. In current CA systems where ideal backhaul among aggregated cells is always assumed, a UE configured with CA does not receive the CSS on SCell, and system information related to the SCell is carried by dedicated RRC signaling. After multiple timing advance groups (TAG) were introduced in Rel-11, a UE still only monitors the RACH response in the CSS on PCell even if the related RACH preamble is transmitted on the SCell. 
However, assuming weak backhaul condition between two eNBs deployed with the BCCT and the NS-NCT and multiple configured TAGs, a UE needs to receive the RACH response to the SCell on the NS-NCT. Thus, the eCSS may be needed on the NS-NCT. It is in fact likely to configure different TAGs for macro and pico eNBs, since the macro eNB may not be able to acquire the UL synchronization situation on the pico cell timely due to non-ideal backhaul. 
2.2 Support for PMCH

For the current MBMS scheme, a UE needs to acquire system and control information corresponding to the PMCH from MIB, SIB2, SIB13 and SIB15. However, the current assumption is that system information is not broadcasted from a SCell. Therefore, if MCH is supported on a NS-NCT, the mechanism for acquisition of system and control information should be defined. This issue was discussed in the RAN2 #81bis meeting, which output a LS reply to RAN1 including three possible solutions [7]: 
a)
Via dedicated signalling

b)
SIBs containing at least SIB13 for an NCT are provided on an associated LCT

c)
MBMS related system information are provided on the NCT

Obviously, solution a) is not preferred, since it cannot allow idle UEs to receive MCH on a NS-NCT. Solution b) is not so efficient since multiple BCCTs may broadcast MBMS system information for a NS-NCT. In addition, MCCH change notification and service continuity are also affected for solution b). Solution c) is a straightforward solution even if service continuity may also be affected somehow when paging cannot be provided on the NS-NCT. If solution c) is adopted, it is natural to introduce the eCSS on the NS-NCT to support the scheduling of MCH system information and MCCH change notification, as well as the functionality to provide SIB for MBMS on the NS-NCT. Note that other mechanisms are not precluded at this stage, as discussed in detail in [8]. 
Proposal 1: To efficiently support dual connectivity and MCH transmission on the NS-NCT, the eCSS may be introduced on NS-NCT. 

2.3 Support for non-CA-capable UEs

HetNet deployments may be such that the macro cell is used to maintain the mobility performance, and pico cells are used to provide high data rate. To offload as much traffic as possible from the macro layer, even non-CA-capable UEs can be moved to the pico layer by handover procedure, if the pico cell can be standalone. 
In case where NS-NCT is deployed on the pico layer, another offloading scheme can be considered for non-CA-capable UEs, which we refer to as virtual CA (VCA). With VCA, a UE can be configured with two carriers, which cannot be used simultaneously. In other words, the UE can switch between the two configured carriers in a semi-static or dynamic way. Therefore, VCA can provide offloading gain while maintaining the mobility performance on the macro layer. In addition, VCA can also reduce the UE implementation complexity for both RF and baseband. To support VCA, issues such as synchronization, RRM and CSI measurement, should be considered. 
System evaluation is performed for VCA and non-CA capable UEs, in order to show the load balancing gain for deployment with a BCCT and a NS-NCT. In this evaluation, the non-CA-capable UEs randomly access one of the two carriers, and then cannot change the carrier in one simulation drop, while the VCA-capable UEs can only be served on one of the two carriers in a subframe, but can dynamically switch between the carriers based on the load on each carrier. Other simulation assumptions are in the appendix. 
Fig. 1 shows the simulation results for the comparison of VCA and non-CA schemes. Specifically, around 110% to 140% average UPT gain and 165% to 195% cell edge (last 5%) UPT gain can be achieved. 
[image: image1.png]Percentage

250.00%

200.00%

150.00%

100.00%

50.00%

0.00%

V-CA over N-CA for BCT+NS-NCT

194.75%

166.74% 167.76%

lamda=0.4 lamda=0.6 lamda=0.8

®Avg UPT gain
%5 UPT gain





Fig. 1. Gain of V-CA over N-CA for BCT + NS-NCT
Observation: VCA can achieve significant load balancing gain over non-CA for network deployment with one BCCT and one NS-NCT. 
Proposal 2: Virtual CA, with which a non-CA capable UE can switch between two configured carriers in a semi-static or dynamic way, should be considered in Rel-12 in order to provide the load balancing gain and maintain good mobility performance for non-CA capable UEs on NS-NCT. 

3 Conclusions
In this contribution, we discuss the motivations to introduce the eCSS and/or the broadcasting channel, such as for supporting with non-ideal backhaul between BCT and NS-NCT, and PMCH on SCell. In addition, offloading for non-CA-capable UEs to the NS-NCT is also discussed and evaluated. Finally, the following are proposed: 
Proposal 1: To efficiently support dual connectivity and MCH transmission on the NS-NCT, the eCSS may be introduced on NS-NCT. 

Proposal 2: Virtual CA, with which a non-CA capable UE can switch between two configured carriers in a semi-static or dynamic way, should be considered in Rel-12 in order to provide the load balancing gain and maintain good mobility performance for non-CA capable UEs on NS-NCT.
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Appendix
Table A1. Simulation assumptions for VCA system evaluation

	Parameter
	Values used for evaluation

	Performance metrics
	Non full buffer traffic: UPT(User Perceived Throughput)

User Perceived throughput = amount of data (file size) / time needed to download data. Time needed to download data starts when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver.

	Deployment scenarios
	Homogeneous network

	Simulation case
	3GPP Case 1

	eNB Tx power (Ptotal)
	46dBm in a 10MHz carrier

	Number of UEs per cell
	10

	System bandwidth
	10 MHz in FDD for each carrier

	Transmission schemes
	Codebook based SU-MIMO

	Antenna configuration
	For eNB: 2 antennas, cross-polarized: X


For UE: 2 antennas, cross-polarized: X

	Antenna pattern
	For eNB: 3D
For UE: Omni

	Channel model
	SCM

	Feedback scheme
	Periodic feedback with mode 2-1, 

	Channel estimation
	Ideal

	Receiver algorithm
	MMSE

	Scheduling
	Proportional fair on selected carrier

	Traffic model
	FTP model 2

	Rank adaptation
	Yes

	Simulation time
	10s













































































