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1 Introduction
According to our analysis [1], there could be considerable performance gain by adopting dynamic cell on/off when the feasible time scale of on/off becomes small. This contribution discusses mechanisms to reduce the latency of on/off mechanism including new carrier type. Moreover, it reviews the potential necessity of enhanced discovery signal when dynamic cell on/off mechanism is used.
2 Discussion on dynamic cell on/off
As shown in [1], if the feasible time scale for on/off used for evaluation is assumed as 200ms and 400msec for already on and just turned on cell respectively, the overall user throughput in fact is decreased compared to the baseline due to longer acquisition delay. Thus, to achieve performance gain, it is important to reduce the cell on/off delay. Given the legacy RRM measurement requirement and procedure, it is however unclear how much on/off delay can be reduced while keeping the backward compatibility. Thus, our view is that dynamic cell on/off feature would require non-backward compatible enhancement to achieve considerable performance gain, and thus necessary enhancement should be included in new carrier type. This implies that carrier adopting dynamic cell on/off may not support legacy UEs effectively. 
Observation. It is not clear how to realize dynamic cell on/off while maintaining backward compatibility and achieving throughput gain. 

Proposal 1. Non-backward compatible carrier type is considered if dynamic cell on/off is introduced.

In terms of actual design of new carrier type to support dynamic cell on/off, the following issues should be also considered. 
Dynamic cell on/off for macro cell:

Given that dynamic cell on/off may not be easily achievable by a backward compatible carrier type, to avoid potential coverage hole for legacy UEs, our view is that macro cell should not employ non-backward compatible dynamic cell on/off features. 

Dynamic cell on/off for all small cells within a cluster:
Assuming a cell performing dynamic cell on/off may not provide backward compatibility, whether dynamic cell on/off feature can be applicable to the entire cluster or a subset of cells should be also discussed. The main drawback of applying dynamic cell on/off to the entire cluster is the potential coverage hole for legacy UEs, especially with Scenario #3 where a legacy UE may not be able to access the small cells. On the other hand, if only a subset of cells within a cluster performs dynamic cell on/off, it may improve the support on legacy UEs, yet dynamic cell on/off design should also consider the coexistence issue with legacy carriers in the same frequency. Also, tight coordination among small cells to determine which cell should remain always-on state is also necessary. To allow a legacy UE to access small cell layer for data offloading, some support on legacy UEs should be provided. 
Differentiation between on and off state:

It is not clear how much gain can be achieved by employing cell on/off if new carrier type is used for small cell operation. As shown in our earlier contribution [3], the performance gap between ideal dynamic cell on/off and NCT is not so significant (~5%). However, to support coexistence of new carrier type and legacy carrier type or to further optimize the operation, if cell on/off mechanism is introduced in addition to NCT, discovery signal may be needed in off/dormant states to support UE measurement and cell detection. Moreover, UE measurement interval for small cell layer may have to be enlarged compared with Rel-11 especially for inter-frequency case to minimize the interruption to the communication with the existing serving cell. In both cases, available measurement instances of a UE for small cell detection should be largely reduced. According to our analysis [2], it is not clear whether enhancement of synchronization signals is necessary as a UE in most cases finds the strongest cell and with high probability finds about two strongest cells with current PSS/SSS mechanism even with single subframe detection. Thus, a simple extension of utilizing current PSS/SSS in dormant state can be considered where periodicity of PSS/SSS transmission may be adapted to reduce the interference and overhead. If on/off mechanism is employed, our view is that differentiation between on and off state is necessary to perform measurement correctly. In particular, to support neighbour cell measurement, a UE should be able to detect whether the neighbour cell is in on state or off state. 
Observation 2. The performance (average user throughput) gap between dynamic cell on/off with NCT compared to always-on NCT seems not a big driver to introduce dormant with NCT.
3 Potential specification impacts
Considering legacy UE support, as mentioned in above, new carrier type and legacy carrier type may coexist where legacy carrier type cell does not perform dynamic cell on/off. One example is illustrated in Figure 1 where a set of small cells are configured as legacy carrier type to support legacy UEs and a set of small cells are configured as new carrier type to support dynamic cell on/off. 

[image: image1.emf]new carrier type with 

dynamic cell on/off

legacy carrier type 

without cell on/off

a small cell cluster


Figure 1. Cell on/off and legacy carrier type coexistence case

As already discussed detection of dormant state cell by UE is necessary as well as active state cell. Therefore, in both NCT case and legacy carrier type case, we assume ‘dormant state’ means reduced PSS/SSS/(Tracking RS/CRS) transmission compared with active state. Based on that assumption, a potential design with new carrier type to support cell on/off can be shown in Figure 2. 
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Figure 2. Illustration of an example of NCT with dormant state
In off state, periodically discovery signals (e.g., PSS/SSS/Tracking RS) can be transmitted. Upon receiving a waking-up request either from UE or macro cell, it turns on itself and changes the state to active state. To enable this scenario, necessary specification impacts to support this would be as followings. 

· Discovery signal design in off state: to differentiate between on and off state, for example, either PSS/SSS/TRS sequence may be altered or separate cell ID may be used in off state.
· Wake-up procedure: UE-initiated or network controlled wake-up procedure can be considered to minimize the waiting time of a UE which is being connected to the off cell. 
· RRM mechanism in off state: RRM measurement, requirement, and reporting mechanism may be changed with different discovery signals in off state.
· Initial access support: either stand-alone functionalities are supported by new carrier type or macro-assisted initial access should be supported. If there are neighbour legacy cells, initial access to a new carrier type cell may be assisted and controlled by neighbour cells in Scenario #3. 
Considering potential specification impacts to define off/dormant state, whether to introduce dormant state in addition to new carrier type should be FFS.

4 Conclusion
This contribution reviews the potential specification impacts to realize the dynamic cell on/off mechanism. Our view is that new carrier type should be introduced to implement dynamic cell on/off mechanism. This contribution discussed a few potential enhancements that new carrier type can take to efficiently support dynamic cell on/off mechanism. 
Observation. It is not clear how to realize dynamic cell on/off while maintaining backward compatibility and achieving throughput gain. 

Proposal 1. . Non-backward compatible carrier type is considered if dynamic cell on/off is introduced.

Observation 2. The performance (average user throughput) gap between dynamic cell on/off with NCT compared to always-on NCT seems not a big driver to introduce dormant with NCT.
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