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1 Introduction
Heterogeneous network deployments with the NCT have not been discussed in any detail in RAN1 either for aggregated operation or standalone operation. Discussions on heterogeneous networks within previous releases in the WIs on eICIC and FeICIC considered transmissions schemes related to CRS and further assumed the presence of PDCCH and PHICH. In this contribution, we discuss the different heterogeneous network deployments that are possible considering standalone operation and aggregated NCT. We also discuss a high-level framework on how the UE can operate in a cell range expansion area. 
In addition to this we discuss the impact on macro-assisted operation or dual connectivity features for heterogeneous network deployments.

In [5] we present initial evaluation results for operating the NCT with different CSO levels.

2 Discussion
In section 2.1, we discuss the scenarios applicable for a heterogeneous network deployment with an NCT. Based on this, in section 2.2 we identify some high level design areas and further discuss evaluation assumptions to measure the performance benefits of the NCT in heterogeneous deployments.
2.1 Deployments to consider

The benefits of operating with large cell selection offset (CSO) values were studied in depth during Rel-10 and Rel-11. The conclusion of the studies was that it was beneficial to operate with a CSO up to 9 dB [1]. In that study, transmission mode 4 based on CRS was assumed and network nodes did not utilize MBSFN subframes to reduce the CRS interference.
In Rel-12 there are two features that may change the conclusions on how to operate heterogeneous networks and on the level of CSO that is beneficial. These features are the NCT and dual connectivity. One of the main motivations to introduce the NCT during RAN1 #66bis was to improve support for heterogeneous networks. For the NCT, we observe that the interference conditions maybe different as CRS are not present and that tracking of time/frequency is not performed on the same RS as used for demodulations in DL. For macro-assisted operation or dual connectivity one use case that is of particular interest is the operation with split UL/DL which is one the operation modes that are currently being discussed within RAN2 [2]. 
Given the above two features, the main aspects to consider relate to the type of deployment these should be operated in. In such a deployment discussion one should consider whether the NCT can be operated in a stand-alone manner or not. We present the main deployments in Table 1 below.
Table 1: Deployment types
	Deployment
	Macro
	LPN

	A
	F1: NCT
	F1: NCT

	B
	F1: LCT  F2: NCT
	F1: LCT  F2: NCT

	C
	F1: LCT
	F2: NCT



[image: image1]
Figure 1: Heterogeneous network deployment

Before discussing the explicit deployments in more detail we first study the frequency utilization in the different deployments. The highest performance would be obtained from a deployment where macro and LPN share the same frequency. The reason is that the frequency resources that the macro uses can be reused in the LPNs. Both deployment A and deployment B are defined utilizing this factor. deployment C on the other hand does not utilize this factor but it can still be interesting as in such a deployment the LPNs that are deployed do not affect for example an already deployed macro network. 
2.1.1 Deployment A

The deployment type A is the typical standalone deployment of the NCT, wherein the coverage limit in the LPN will be set by how large a CSO the UE is able to operate with. The deployment is applicable in case of an ordinary heterogeneous network deployment with some form of resource coordination between macro and LPN. It can also be applicable for dual connectivity between the macro and LPN or between LPNs.
2.1.2 Deployment B

In deployment B it is possible to operate a standalone NCT on F2 and the deployment is then the same as deployment A. It is further possible to operate carrier aggregation or macro assisted operation between the LCT and NCT. In case the carrier aggregation mode is used, the aggregation can be performed within each node. In such a case it is assumed that the LCT is the primary cell. In such a deployment, we observe that the useful CSO value on the NCT will be given by the CSO value that can be utilized on the LCT. We further observe that the FeICIC framework is currently not defined for secondary cells according to [3]. A similar analysis is not possible to make for macro assisted operation as it is not defined whether a booster cell in such a deployment can be operated without coverage from an anchor cell. It is also possible that carrier aggregation in deployment B can be performed between the network nodes, i.e. that the PCell is the LCT provided by the macro and the SCell is the NCT provided by the LPN. In such a deployment the coverage of the NCT in LPN will be limited by interference from the NCT from the macro, i.e. similar as in deployment A with the standalone NCT operation case. This however sets a requirement on the backhaul between the LPN and macro to be of very low latency. In principle it will limit the deployment options such that the LPN can only be deployed as an RRH. We further observe that the aggregation between nodes can only be performed in the area in which there is macro coverage as well as LPN coverage, i.e. in an area where the UE operates with a CSO larger than 0 dB set from the LPN. One should note here that the UE would need to change Pcell when going in and out of LPN coverage. For the above deployment options within deployment B, we observe that the NCT needs to support the following functions if it is only operated in an aggregated mode:

· Cell search and cell detection

· Time and frequency tracking

· Measurements

· Demodulation

If the NCT is also deployed in standalone mode then the following additional functions would be needed:

· Radio link monitoring

· System Information

· Paging

As noted above, an aggregated mode of NCT with aggregation between a macro node and an LPN requires a low latency backhaul. The same deployment may also be realized with a macro assisted type of operation with more relaxed backhaul requirements. Depending on how macro-assisted operation is defined it will set the requirements on which type of channels/signals the UE would need to be able to receive. If macro-assisted is defined so that the UE does not always have connectivity to multiple cells a design similar to stand alone operation may be needed. Currently, it is too early in the discussion about macro-assisted operation to foresee what signals/channels a UE operating in macro-assisted mode would require. 
2.1.3 Deployment C

In deployment C we can support either a standalone NCT or an aggregated version of the NCT. For the standalone NCT the deployment is very similar to deployment A, with the simplification that interference from the macro is absent for LPN transmissions to the UE. An additional difference is that the UE needs to perform inter-frequency HO more often in this deployment as the LPN and macro eNB are not utilizing the same frequency. In case of an aggregated version of the NCT, the UE aggregates the LCT at the Macro and the NCT at the LPN. As in deployment B, this assumes a low latency backhaul between the network nodes. The deployment further assumes that UE always has macro coverage within the LPN coverage area. Also, as in the case of deployment B, macro assisted operation between the macro and LPN may be possible with relaxed backhaul assumptions. Currently, it is too early in the discussion about macro-assisted operation to foresee what signals/channels a UE operating in macro-assisted mode would require. We further observe that in this highlighted deployment the spectrum is under-utilized since the LPN and macro layers are operating on different frequencies compared to deployment A.

2.1.4 Analysis
A summary of the analysis is given in Table 2. Based on the above discussion, we see that the deployment which utilizes the spectrum in the most efficient manner is a deployment wherein the LPN and macro are operating on the same frequency. Considering this and the goal of improving heterogeneous network support for the NCT, it is deployment A which should be studied further. If it is decided in the first phase of the NCT not to support standalone operation without considering the macro-assisted mode we observe that applicability of standalone NCT needs to be re-evaluated based on the macro-assisted operation definition when finalizing the small cell study item.
Proposal

· With first priority study an NCT deployment within heterogeneous networks assuming that the NCT is transmitted from both the macro and LPN on the same frequency
Table 2: Summary of analysis of different deployment deployments

	Deployment
	Type
	Operation mode
	Properties

	A
	F1: NCT@LPN
	Stand alone
	Operating CSO limited by macro interference

	B
	F2: NCT@LPN
	Stand alone
	Operating CSO limited by macro interference

	B
	F1: LCT@LPN
F2: NCT@LPN
	Intra-node CA
	Operating CSO on NCT limited by LCT

	B
	F1: LCT@Macro
F2: NCT@LPN
	Inter-node CA
	Requires low-latency backhaul

Can only be operated within CSO area of NCT@LPN

	C
	F2: NCT@LPN
	Stand alone
	Inter frequency HO required between Macro and LPN

	C
	F1: LCT@Macro
F2: NCT@LPN
	Inter-node CA
	Requires low-latency backhaul

Assume no coverage holes in macro coverage


2.2 Study of supported CSO values
There are large similarities between operating the NCT and a legacy carrier in a heterogeneous network deployment. Hence, we see a merit in re-using the simulation assumptions defined within the FeICIC work. At the same time we note that there are scenarios within the Physical layer enhancements for small cells that may benefit from operating with CSO higher than 0 dB. As a starting point we see that we should define a scenario wherein we should study the  applicable level of CSO for operation of the NCT in a heterogeneous network. Such a scenario could for example be scenario #1 in [4]. After the applicable level of CSO is identified, the corresponding design of signals and procedures should be performed. Further as in the FeICIC work the coordination schemes applicable should target non-ideal backhaul solutions.
The signal and procedure design that needs further study after such an evaluation are further discussed below. 

The first aspect to consider is cell search and time/frequency synchronization at the UE. Detailed aspects to consider here include how the UE can detect PSS/SSS. A key factor could for example be the position of the PSS/SSS. Aspects for time/frequency tracking include the assumptions that should be made on ESS performance. This is different from the CRS since the ESS is not to be used for demodulation.
A second aspect is the support of measurements on the NCT, considering both RSRP/RSRQ/RLM, positioning as well as CSI/IM measurements. As CSI measurements are based on CSI-RS it should be possible to utilize different CSI-RS resources and without the necessity to utilize restricted subframe measurement sets. 

A third aspect for consideration includes the scheduling of UEs so that they do not cause severe interference to each other. As the NCT does not contain any PDCCH, the scheduling operation can fully utilize the frequency domain and not have to only rely on a time-domain concept like ABS to avoid interference. Further, as the scheduling is based on DM-RS, the power that the data is scheduled with is possible to vary and can also be utilized to avoid interference. The feedback should of course be designed so that it matches the appropriate scheduling design. 

A second study could potentially also be performed targeting a deployment with separate frequency for macro and the small cell. The applicable coordination schemes and the impact on the system design to support operation in such a scenario with high CSO may then be different compared to the co-channel deployment.

Proposal

· Identify a beneficial CSO operating point for the NCT assuming configuration 4b in 36.819 following the simulations assumptions agreed at RAN1 #66 or scenario #1 in 36.872
· Identify a beneficial CSO operating point for the NCT assuming frequency separated deployment between the macro and small cell, e.g. scenario #2a in 36.872

· For the applicable CSO level, identify mechanisms that are needed to be standardised to allow a UE to perform cell detection, measurements and demodulate data, targeting a non-ideal backhaul.
3 Conclusions

In this contribution we discussed how to operate the NCT in a heterogeneous network deployment. Based on the discussion and observations we make the following proposals

· With first priority study an NCT deployments within heterogeneous networks assuming that the NCT is transmitted from both the macro and LPN on the same frequency

· Identify a beneficial CSO operating point for the NCT assuming configuration 4b in 36.819 following the simulations assumptions agreed at RAN1 #66 or scenario #1 in 36.872

· Identify a beneficial CSO operating point for the NCT assuming frequency separated deployment between the macro and small cell, e.g. scenario #2a in 36.872

· For the applicable CSO level, identify mechanisms that are needed to be standardised to allow a UE to perform cell detection, measurements and demodulate data, targeting a non-ideal backhaul.

4 Reference
[1] R1-114468
LS on FeICIC
RAN WG1
[2] R2-130901
Draft Report of 3GPP TSG RAN WG2 meeting #81
[3] TS 36.311
Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification
V11.3.0

[4] TR 36.872 Small Cell Enhancements for E-UTRA and E-UTRAN Physical Layer Aspects V0.1.0
[5] R1-132008
Evaluations of the beneficial CSO operating points for the NCT
Ericsson, ST-Ericsson

5/5
2013-05-10

[image: image2.png](«A)))

»g



