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1. Introduction
An updated WID on a new carrier type was approved in RAN#58 [1]. In the WID, RAN1 work is split into two phases. In the first phase, a benefit of a standalone NCT is to be evaluated and a scenario for the standalone NCT is to be identified. In the second phase, necessary means are to be specified for the standalone NCT and a macro-assisted NCT.
Meanwhile, scenarios and requirements for small cell enhancements were discussed in RAN plenary [2]. In the discussion, target scenarios for the small cell enhancements were defined from the viewpoints of deployment, spectrum, traffic, and backward compatibility. The outcomes of the discussions cover many possible scenarios. However, due to a limited time frame of Rel-12 specification, four target scenarios for PHY layer have been identified from the many possible scenarios in RAN1#72 [3]. They comprise the deployment scenarios of small cell with/without macro cell coverage.
In this contribution, we present our view on the scenario for standalone NCT to be evaluated and potential benefits of the standalone NCT as compared with the legacy carrier and the NCT aggregated with legacy carrier.
2. Discussion
2.1. Potential benefits of standalone NCT compared with Legacy carrier
As described in the WID, the NCT is expected to minimize the legacy control signalling and common reference signals. Although some Rel-11 mechanism may not be reused in the NCT, the NCT with an RS port for tracking purpose (Tracking RS) and no legacy PDCCH may achieve some advantage in terms of power consumption and overhead compared to a legacy carrier.
On the other hand, we can also consider implementation-based energy saving method which has been already allowed by LTE Rel-8/9 RAN1 specifications [4]. Provided that compromising backward compatibility is not required, the implementation-based energy saving method can be applied to LCT. More specifically, CRS has to be transmitted as long as UEs monitors it in the nearby area so that it does not affect any measurements by the UEs.
From the network energy saving perspective, it is important to consider on/off state of RF device since they require drive power to be operated with high backoff. In this sense, eNB should tend to blank out whole subframes. Table 1 shows possible on/off switching schemes for RF devices with respect to NCT and LCT. For LCT, UEs recognize that CRS is transmitted in all DL subframes. Therefore, on/off switching for RF devices cannot be performed in short period. For instance, eNB can switched off RF units when not only the eNB but also the neighboring nodes serve no UEs. The same goes for subframes on which TRS is transmitted on NCT, e.g., subframes #0 and #5 if TRS is introduced. However, the other subframes on NCT, fast on/off switching for RF devices can be performed since PDSCH does not have to be transmitted in all DL subframes. In other words, subframe based Cell DTX can be performed by scheduler.
Table 1: Possible on/off switching of RF devices for NCT and LCT
	
	NCT
	LCT

	Subframes on which TRS is transmitted
	On/off state for RF devices is approximately static
· Tracking RS has to be normally transmitted. The transmission of the tracking RS is possibly switched off only when it does not affect tracking at UE side.
	N/A

	The other subframes
	Fast on/off switching for RF devices is available
· PDSCH/PDCCH/EPDCCH do not have to be transmitted in all DL subframes. Subframe based Cell DTX can be performed by scheduler.
	On/off state for RF devices is approximately static
· CRS has to be transmitted in all DL subframes. The transmission of the CRS is possibly switched off only when it does not affect measurements at UE side.


Observation 1:

· One of the possible benefits for NCT over LCT may be the network energy saving due to fast on/off switching for RF devices on DL subframes on which TRS or CRS is not transmitted.
Scenarios for evaluation of network energy efficiency
In RAN1#72, it was clarified that NCT should be able to be operated on both macro and small cells. Hence, it is natural to consider both homogeneous network and small cell deployment for evaluation.
Metric for evaluation of network energy efficiency

As for evaluation of network energy efficiency, the assumption for calibration of energy consumption was discussed under SI for IMTA [5]. According to the agreed assumptions, eNB energy consumption is defined as the average number of DL subframes used for DL transmission per one second. It is assumed that the DL transmission in this evaluation does not include CRS only subframes. However, for the evaluation of NCT, it is important to consider eNB power consumption for the subframes where no PDSCH but only TRS is transmitted. Hence, it should be discussed how to capture the impact of such subframes. For example, impact of the network energy efficiency due to micro sleep of RF devices was studied in [6] and eNB power consumption was evaluated taking into account the power consumption for the subframes where no PDSCH is transmitted. As one example of the power modeling, power consumptions on various parts of eNB, e.g. power amplifier, antenna interface, baseband interface, etc, are taken into account as is defined in [7].
Proposal 1:

· To evaluate the benefit of standalone NCT over legacy carrier type:

· Both homogeneous network and SCE scenarios should be included in the deployment scenarios for evaluation.

· eNB energy consumption should be used as a metric to evaluate potential benefits for standalone NCT
· Not only normal subframes but also CRS only subframes should be taken into account in the derivation of eNB energy consumption.

· FFS: how to calculate eNB energy consumption for CRS only subframe.

2.2. Potential benefits of “standalone NCT” compared with “legacy-carrier aggregated NCT”
Even if most of the area is overlaid with macro cells, some blind-spot areas, e.g. quite-closed indoor, may remain. Especially for SCE scenario #3 which was agreed in RAN1#72 [3], it is assumed that macro cell coverage is not present. Therefore, standalone operation is required at least in the case that NCT is to be available in the small cell deployment as modeled by SCE scenario #3. Also, UE may not be able to receive signals with sufficient power from the macro node in SCE scenario #2b.

Table 2 shows benefit of the standalone NCT compared with the legacy-carrier aggregated NCT. The standalone NCT is an essential feature in order to operate the small cell out of the macro coverage. Moreover, standalone NCT itself does not require the additional signalling in the macro cell. However, new/modified signals and procedures for initial access may be needed on the NCT if legacy signals and procedures are removed. Since handover procedure is needed among small cells operated by the standalone NCT, the handover may frequently cause in the case of high mobility environment.
Regarding the legacy-carrier aggregated NCT, the mobility among small cells could be simplified and discovery of small cell could be rather efficient because of assistance of LCT on the macro layer. However, it causes the constraint that the legacy-carrier aggregated NCT restricts the usage of the small cell within the macro coverage.
Table 2: Comparison of “standalone NCT” to “legacy-carrier aggregated NCT”
	Standalone NCT
	Legacy-carrier aggregated NCT

	Service area of small cell:

· UE can enjoy services from small cell independently of macro coverage.

Initial access procedure:

· New initial access should be specified.
Handover:

· Handover procedure among small cells is necessary.
	Service area of small cell:

· Services from small cell can be provided only in the macro coverage area.

Initial access procedure:

· No new initial access is needed since UE can connect to macro node with legacy manner.
Handover:

· Handover procedure among small cells could be simplified.


Observation 2:

· Standalone is beneficial, given that UEs enjoy services from NCT small cell independently of the macro coverage.
· Standalone operation is required if NCT is to be available in the small cell deployment as modeled by SCE scenario #3.
Metric for evaluation of connectivity to NCT small cells
In SCE scenario #2b, indoor small cells are deployed in the presence of an overlaid macro network. In this case, issue between “standalone NCT” and “legacy-carrier aggregated NCT” amounts to the connectivity of NCT small cells. More specifically, two cases shown in Figure 1 and 2 should be evaluated in terms of area throughput performance. The first case is that UE can connect to NCT small cell nodes even when the linkage from macro node fails. The other case is that UE cannot connect to any nodes when the linkage from macro node fails. Area throughput performance in the first case may be better than that of the second case since there may be the UEs which do not receive signals from macro node with enough power but are located nearby a small cell node. Moreover, if indoor dead spots in macro layer are not negligible, careful small cell planning (including the decision whether or not NCT is available) may be necessary in order to eliminate the dead spots.

[image: image1.png]



Figure 1: Standalone NCT.
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Figure 2: Legacy-carrier aggregated NCT.

Proposal 2:

· To evaluate the benefit of standalone NCT over “legacy-carrier aggregated NCT”:

· SCE scenario 2b should be included in the deployment scenarios for evaluation.
· Area throughput performance should be used as a metric to evaluate potential benefits for standalone NCT taking into account connectivity to NCT small cells as below
· For standalone NCT, UE can connect to NCT small cell nodes even when the macro linkage fails.

· For legacy-carrier aggregated NCT, UE cannot connect to any nodes when the macro linkage fails.

3. Conclusion

In this contribution, we make several observations as follows:
Observation 1:

· One of the possible benefits for NCT over LCT may be the network energy saving due to fast on/off switching for RF devices on DL subframes on which TRS or CRS is not transmitted.
Observation 2:

· Standalone is beneficial, given that UEs enjoy services from NCT small cell independently of the macro coverage.
· Standalone operation is required if NCT is to be available in the small cell deployment as modeled by SCE scenario #3.
Based on the above observation, Sharp proposes:

Proposal 1:

· To evaluate the benefit of standalone NCT over legacy carrier type:

· Both homogeneous network and SCE scenarios should be included in the deployment scenarios for evaluation.

· eNB energy consumption should be used as a metric to evaluate potential benefits for standalone NCT
· Not only normal subframes but also CRS only subframes should be taken into account in the derivation of eNB energy consumption.

· FFS: how to calculate eNB energy consumption for CRS only subframe.

Proposal 2:

· To evaluate the benefit of standalone NCT over “legacy-carrier aggregated NCT”:

· SCE scenario 2b should be included in the deployment scenarios for evaluation.
· Area throughput performance should be used as a metric to evaluate potential benefits for standalone NCT taking into account connectivity to NCT small cells as below.
· For standalone NCT, UE can connect to NCT small cell nodes even when the macro linkage fails.

· For legacy-carrier aggregated NCT, UE cannot connect to any nodes when the macro linkage fails.
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