3GPP TSG RAN WG1 Meeting #72bis                                              R1-131424
Chicago, USA, April 15 – 19, 2013

Source:
NTT DOCOMO
Title:
Comparison of eNB Dormant Schemes – DL Based vs. UL Based
Agenda Item:
7.2.5.3.1
Document for: 
Discussion and Decision

1. Introduction
As described in the SID of “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical layer aspects,” one of the objectives is the following [1].
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.
At RAN1#72, many companies showed interest in the dynamic on/off switching of small cells, i.e., eNB dormant schemes [2-5]. There are mainly two schemes for controlling the eNB on/off state, one is the DL based scheme and the other is the UL based scheme.
In this contribution, we try to compare the above two eNB dormant schemes and show our views on these schemes.
2. eNB Dormant Schemes

Generally, in order to improve network energy efficiency, the small cell needs to move to the dormant state as soon as possible when no UE is served by the small cell. Then the unnecessary interference caused by PSS/SSS and CRS transmissions can be avoided in addition to gaining a network energy saving effect. As shown in our separate contribution [6], removing such interference provides a fairly large gain when the traffic load is low. 
To return to the active state when traffic is generated, an efficient mechanism for dormant small cell activation is needed.
2.1.
DL Based Scheme
Figure 1 shows an example of the DL based eNB dormant scheme. In this scheme, the dormant small cell transmits a certain downlink signal with a very long transmission interval, i.e., discovery RS [3-5, 7], to inform UEs of the presence of the dormant small cell. Since a UE can recognize the existence of surrounding dormant small cells by detecting the discovery RS, it is possible to activate the small cells smoothly, e.g., via the macrocell, when the UE needs to connect to them.
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Figure 1 – Example of DL based dormant scheme
2.2.
UL Based Scheme
Figure 2 shows examples of the UL based eNB dormant scheme. In these schemes, the dormant small cell does not transmit any signal in the downlink, but it can be configured to receive the signal from a UE in the uplink, e.g., the PRACH [2]. When the dormant small cell can detect the proximity of active UEs, the network can activate the dormant small cell when the network is carrying a high load and additional capacity is needed. However, UL based schemes have some deployment limitations.
Figure 2(a) shows the UL based scheme triggered by the uplink signal in small cell carrier. If there are surrounding dormant small cells that can detect the UL signal from a UE, this scheme would work well. However, this scheme requires that dormant cells should be located around a kind of central active small cell. Therefore, effective deployment scenarios are limited. 

Figure 2(b) shows the UL based scheme triggered by the uplink signal in macro cell carrier. If there are surrounding dormant small cells that can detect the UL signal from a UE in the macro cell carrier, this scheme would work well. Basically, this scheme requires that a small cell be able to detect the UL signal in a macrocell carrier since the UE may not receive DL signals from small cells.
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(a) Small cell trigger
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(b) Macro cell trigger
Figure 2 – Examples of UL based dormant scheme
2.3.
Comparison Between DL Based and UL Based Schemes
Table I presents s comparison between DL based and UL based schemes. Since the deployment limitations of UL based schemes have already been discussed, we would like to explain other issues.
Table 1 – Comparison of small cell dormant schemes
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In terms of the UE battery consumption, it is clear that the DL based scheme is better than the UL scheme. In the UL based scheme, UL signal transmission is needed and it would consume a larger amount of power than the DL signal detection. Furthermore, as shown in Fig. 3, the UL signal may be transmitted even in the case where there are no surrounding small cells (if the UL signal is triggered only for this purpose, not only this transmission is of no use, but also unnecessary interference would occur in the UL).
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Figure 3 – Example of the problem in UL based scheme
In the DL based scheme, since the UE can receive the discovery RS from dormant small cells as well as active small cells, it is possible to obtain accurate location information. Although the UL based scheme can also obtain some kind of proximity information by detecting the UL signal, this efficient support of proximity-triggered communication based on the DL based scheme would be achieved even if the UE is in an idle-like mode. We consider that location information will become increasingly important from a future mobile service perspective and small cells may help to provide accurate UE location with lower power consumption than that of GPS.
Based on the above considerations, we prefer the DL based eNB dormant scheme due to the UE battery saving and the efficient support of proximity-triggered communication.
Observation: DL based eNB dormant scheme achieved through the discovery RS transmission would be better than the UL based scheme because of the following reasons.
· UL based scheme has some deployment limitations

· DL based scheme does not require UL transmission and hence the UE can save power.
· DL based scheme can provide efficient support of proximity triggered communication even if the small cell is in the dormant mode and the UE is in an idle-like mode

3. Conclusion

In this contribution, we presented our views on the eNB dormant schemes. 
Observation: DL based eNB dormant scheme achieved through the discovery RS transmission would be better than the UL based scheme because of the following reasons.
· UL based scheme has some deployment limitations

· DL based scheme does not require UL transmission and hence the UE can save power.

· DL based scheme can provide efficient support of proximity triggered communication even if the small cell is in the dormant mode and the UE is in an idle-like mode
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