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Discussion
1.
Introduction

During the first phase of the R12 New Carrier Type WI, scenarios and benefits for a standalone NCT are to be evaluated. In the second phase of the R12 WI and if justified by the evaluation, techniques in support of both standalone NCT and SCell NCT can be introduced. These could for example include a broadcast mechanism to acquire system information, or possibility of standalone scheduling through ePDCCH including a CSS.
There are several motivations leading to the R12 NCT WI, amongst these:
(1) reduced power consumption for the base station,

(2) reduced DL interference from DL common signals and channels,
(3) improved spectral efficiency.
In this contribution we present our views on the necessity to introduce standalone NCT operation in addition to SCell NCT. This discussion includes both network deployment scenarios and UE design considerations.
2
NCT used as SCell
The design approach taken for NCT Phase I, i.e. SCell NCT is the use of a DMRS-based transmission mode. In order to aid frequency and timing tracking in the UE, CRS are transmitted in 1 out of 5 subframes. It has been agreed that PSS and SSS are transmitted. The R11 EPDCCH can be transmitted on NCT and serve to carry self-scheduled assignments for the SCell. A UE receiving SCell NCT acquires the network through a legacy LTE PCell carrying system information, allowing for initial random access and connection setup in AS and NAS prior to configuring and activating the SCell NCT. In consequence, the need to transmit DL common signals and channels like 4-port CRS or BCH by the base station on a SCell NCT is much reduced when compared to a R8 LTE carrier.
No particular assumption has been made in the past whether the SCell NCT is used for a macro or pico deployment. Both deployment and use cases are possible and supported. The use of a DRMS based transmission mode for SCell NCT means that high-speed macro scenarios, i.e. UE’s at 120 km/h or above should not be seen as the primary scenario. However, it is pointed out that even the R10 carrier aggregation feature itself was not optimized for the high-speed case by virtue of assumptions made on network architecture and L1 signal design.

There are several benefits from the NCT Phase I design approach. When DL interference due to DL common signals and channels to neighbor cells on the SCell frequency channel is reduced, there are throughput benefits both for newer LTE and for legacy LTE equipment. It is noted that a reduction in DL interference incurred from DL common signals and channels is beneficial in both macro only and in HetNet type of deployments. Using NCT, the possibility for further optimizations to reduce power consumption in the base station front-ends exists. However, for many macro sites, practical MCPA implementations will limit the potential to power off entire RF Tx paths due to the simultaneous presence of other DL channels. Finally, SCell NCT can also address scenarios where operation in flexible BW arrangements is necessary.
SCell NCT necessarily requires support for carrier-aggregation and a selected set of RF intra- or inter-band combinations by the UE. While many aspects such as details for SCell RRM measurements are still under discussion, it can be said that operating principles and implementation for a SCell using NCT follows R10 carrier aggregation to the largest extent possible.
3
On the need for standalone NCT
We think that the question whether some form of standalone NCT is required is considered best when looking at LTE macro deployments and future LTE small cell deployments in the 3.5 GHz band and above.
3.1
Macro deployments

It is clear that legacy LTE macro coverage such as using the 700-900 MHz or 1700-2100 MHz operating bands is required for the foreseeable future. To benefit from NCT carriers, a network operator reserves a given LTE channel in some parts of a deployment area. Note that neighbor cells can still employ a legacy LTE carrier on that same channel. Legacy UE’s not supporting NCT will not be able to access the reserved NCT channel in parts of a deployment area, but they can still be served on at least the legacy LTE channel.

If only SCell NCT is supported in R12 LTE, but not standalone NCT, this would lead to two undesirable consequences.

Firstly, the reserved NCT channel can never be used as PCell in the deployment area. We note that this is very much against design assumptions made for R10 carrier aggregation. Which carrier is assigned by the network as PCell versus which carrier acts as SCell to a given UE remains a network choice. The ability for the LTE access network to balance DL signaling and traffic loads and to adjust carrier utilization ratios through the flexibility of assigning PCells independently to UE’s served in an area should be maintained in R12. If standalone NCT is not supported, this also forces both legacy UE’s and newer UE’s supporting NCT to both camp on the same PCell which means that any performance benefit to be had from the use of NCT can only be seen when activating the SCells, i.e. while high-volume traffic is being served and carrier aggregation is switched on for a UE. We think that viability of NCT to be supported as a feature is much dependent on the flexibility of system operation to configure NCT channels on a per-need basis.
Secondly, only carrier aggregation capable R12 UE implementations would benefit from NCT. We think that this restriction should be avoided at all cost, and that support for NCT should include a single carrier mode of operation from the handset perspective. It derives from that that support for NCT as a UE capability should be handled independently from carrier aggregation capabilities and supported band combinations by the UE. If NCT is implemented in a R12 UE, the UE should be able to acquire the system through the NCT cell alone, it should be able to camp on that cell, and it should be possible to serve traffic to that UE by either using that NCT cell alone or alternatively through carrier aggregation if supported by the UE and when configured to do so by the network.
Support for standalone NCT operation will include availability of some form of DL system information signaling, a paging mechanism and the possibility for fully self-contained scheduling on the NCT carrier using the EPDCCH. Furthermore, support for RLF monitoring using the NCT carrier is necessary. The presence of these signaling mechanisms on the NCT carrier to allow for standalone operation is transparent to legacy UE’s similar to the case of SCell NCT. It is at the discretion of the eNB to schedule and transmit these signals in support of standalone operation as deemed necessary.
We think that the least preferred choice is to introduce SCell NCT in R12, possibly followed by support for standalone NCT in a later release like R13. This would then result in taking backwards compatibility considerations into account for the NCT carrier design.
3.2
Small cell deployments in 3.5 GHz and above
For future LTE small cell deployments in the 3.5 GHz band and above, the use of NCT as either SCell or as a standalone carrier follows somewhat different considerations than in the macro coverage case.
LTE small cell deployments in 3.5 GHz and above bands are expected to take up a significant portion of the increase in data traffic that is projected over the coming decade. The use of local area based (small cells) radio access rather than wide area (macro) cells using these higher operating bands benefits from the observed distribution of traffic. In many cases today already, more than 2/3rd of traffic is served indoors or in hotspots. This percentage is largely expected to increase over the next 10 years. The higher 3.5 GHz and above bands will typically allow for wide channel bandwidths. Small cell deployments will in many cases actually benefit from the use of these higher frequency bands due to more spatial isolation between base stations from propagation characteristics and Tx power configurations.
Small cell deployments in the 3.5 GHz and above bands are expected to operate under somewhat different traffic conditions than their urban macro or micro cell counterparts. Small cells will see low loads and few users over prolonged periods of time, but then experience very high data rates once traffic needs to be served. While deployment assumptions for LPN’s so far often focused on co-channel deployment cases with Macro cells, non-co-channel deployments of future small and macro cells will become significantly more important over the next decade. Over time, LTE small cell deployments for local access using 3.5 GHz and above will result in a dramatically increased number of deployed LPN’s when compared to today’s LTE networks. Both power consumption incurred by and operational costs related to these local access radio base stations must be reduced dramatically. These represent the most significant contributing factors for network operational expenses.

Deploying NCT carriers for the purpose of local area access is an attractive solution because it allows for transmission activity only when needed, i.e. a small cell can be switched off if no traffic is to be served. We note that unlike many MCPA configurations in use for macro sites, small cell base stations will typically only cover the 3.5 GHz or above band with a single RF front-end. Very significant savings in base station power consumption can be had here if it is possible to completely deactivate these cells when not needed – a saving that cannot be achieved when a legacy LTE carrier is deployed and when the legacy LTE RRC protocols and states to maintain network connectivity to such cells are used.
If only SCell NCT is supported, but not standalone NCT, the inability to configure such a local access cell as PCell for the UE leads to several undesirable consequences.
Firstly, local access cells could then only operate under the umbrella of a macro cell providing coverage, i.e. PCell coverage. Clearly, this is not possible in a good number of small cell deployments that are located indoors. We note that this includes the case where the macro cell providing PCell coverage is out of range, as well as the case where the received PCell signal is so weak such that the use of the macro cells becomes de-facto prohibitive in either DL or UL.

Secondly, while full C/U plane separation and the principle of independent scheduling in presence of non-ideal backhaul between macro and local access cells are key design assumptions for using carrier aggregation, consideration must be given to single channel operation for small cell deployments. Similar to the macro case considered above, it should be a possibility that NCT is used on an LTE carrier in a single carrier arrangement. The most simple UE implementation and the most simple mode of network operation to serve traffic to the UE remains single cell connectivity, and that preferably through local access whenever possible due to typically much better available SINR’s in both DL and UL when compared to macro cells. At the discretion of the access network, it should be possible to configure a local access cell using NCT such that it serves a user to camp on that cell, in particular when the user is stationary when home or in the office. While the availability of the macro cell to provide coverage to maintain network connectivity can probably be assumed for these cases, not allowing for the network choice to offload users to the small cells layer is simply an undue restriction.
4
Conclusions and Recommendations
In summary, we think that not supporting a standalone mode of operation for NCT penalizes the viability and likelihood of NCT to be deployed as a feature.
Similar to R10 carrier aggregation design principles, the ability for the LTE access network to balance DL signaling and traffic loads and to adjust carrier utilization ratios through the flexibility of assigning PCells independently to UE’s served in an area should be maintained in R12. This requires some form of support for standalone NCT.

In addition, we think that it is very desirable that NCT as a UE capability is handled independently from carrier aggregation capabilities and it’s correspondingly supported RF band combinations. In particular for future small cell deployments using the 3.5 GHz band and above, single carrier mode of operation using NCT should be a possibility.
Recommendation:

Introduce support for standalone NCT and SCell NCT in R12. Support for standalone NCT operation includes availability of DL system information signaling, a paging mechanism, the possibility for fully self-contained scheduling on the NCT carrier using EPDCCH and RLF monitoring using the NCT carrier.
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