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1. Introduction
Following the discussions on small cell enhancements of physical layer aspects in RAN #61, it was agreed that RAN1 should study efficient small cell discovery procedures supporting small cell on/off till RAN #62 [1]. In this contribution, some issues of discovering and measuring semi-statically ‘off’ small cells are discussed.
2. UL-based discovery and DL-based discovery
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	Figure 1 “Off” cell discovery and activation


According to the discussions on small cell on/off and small cell discovery in latest RAN1 meetings, turned-off cells may be discovered and activated based on either UL signal from UEs or DL discovery signal from “off” eNBs. Figure1 shows the mechanisms of both UL-based and DL-based discovery and activation and more details could be found in [2].
In UL-based discovery mechanisms, even a legacy UE might be able to activate an “off” cell, if any of the following conditions are satisfied:
1. The configuration and transmission of the UL signal used for discovery could be supported by the current specification.
2. Partially “on” cells, which are employed in stage 2 as shown in Figure 1(a), transmit PSS/SSS and CRS in a legacy way.
3. The duration of the legacy PSS/SSS and CRS could meet the requirement of legacy cell discovery and measurement, e.g., once transmission of PSS/SSS and CRS lasts for no less than 800ms [3].
Considering that there may be a lot of legacy UEs (from Rel-8 to Rel-11) covered by Rel-12 small cells especially in the initial stage of LTE Rel-12, the backward compatible UL-based mechanism would be desirable. However, there are still some issues of UL-based discovery. The interference from partial “on” cells to normal “on” cells may be strong when several “off” cells are partially turned on at the same time. Besides, this kind of interference may exist in every subframe and needs to continue for at least 800ms. Even if the interferences are acceptable, a transition time of 800ms may be too long to obtain the gain of semi-static cell on/off. The simulation results in [2] show that the longer transition time, the less performance gain of semi-static on/off triggered by packet arrival. If the transition time is larger than 400ms, the performance would be even worse than that of the scheme without any on/off operation. Similar issues could be observed in [4] and [5] as well. Hence, the “off” cell activation triggered by packet arrival may not be suitable for legacy UEs.
Proposal 1: UL-based discovery should be transparently supported for legacy UEs.
Since in DL-based mechanisms the discovery signal may be transmitted for a short time within a long period, e.g. several milliseconds per 100ms or 200ms, legacy UEs may not be able to detect an “off” cell by its DL discovery signal. Such a DL-based discovery mechanism is hardly backwards compatible. However, without the restriction of backwards compatibility, the transition time of a DL-based mechanism could be significantly faster than that of an UL-based mechanism. For one thing, in a DL-based mechanism there is no need to monitor UL signals from UEs. For another thing, a DL-based mechanism can be accelerated further due to its ‘always-on’ discovery signal. For instance, UEs are able to detect and measure “off” cells before a new “on” cell is needed.
Proposal 2: DL-based discovery should be supported in Rel-12.
3. Discovery and measurement for DL-based discovery
3.1. Discovery signal of “off” cells
In RAN1 #74, it was verified by some contributions [6]-[8] that legacy PSS/SSS may be able to satisfy the cell discovery requirement in small cell dense deployment scenarios as long as the interference cancellation (IC) technique is utilized. As we discussed in [9], a unified design of small cell discovery for both “on” cells and “off” cells could simplify the specification and UE behaviors. Hence, PSS/SSS-IC should be considered as the discovery signal of “off” cells with high priority.
Proposal 3: PSS/SSS-IC should be considered as the discovery signal of “off” cells with high priority.
Another discovery signal which was widely investigated in RAN1 is CSI-RS. It was shown in [10] that if one small cell employs a NZP-CSI-RS as a discovery signal and other small cells are muting on the same positions by ZP-CSI-RS, the detection probability based on CSI-RS would be very high. To identify a cell without any ambiguity, the correspondence between CSI-RS and “off” cells must be fixed at least semi-statically, such as for several periods of discovery signal. If a CSI-RS resource is tied to an “off” cell, the usage of the same CSI-RS resource in the cells near to the “off” cell would be restricted to ZP-CSI-RS only due to the ZP assumption mentioned above. This may lead the shortage of CSI-RS resources. Introducing new CSI-RS resources may solve this problem but may also raise non-backward compatibility to legacy UEs (from Rel-8 to Rel-11).
3.2. Measurement of “off” cells
Because “off” cells may be triggered by the UEs served by macro cells or other intra-/inter-frequency small cells, both RSRP and RSRQ of “off” cells should be measured and reported by UEs.
The RRM measurement of “off” cells could be based on CRS, CSI-RS or PSS/SSS. Utilizing PSS/SSS or CSI-RS as both discovery signal and measurement signal could save energy of “off” cells and suppress the interference from “off” cells to “on” cells. However, in consideration of the lower density of CSI-RS and the inevitable conflict of PSS/SSS synchronously transmitted by small cells, we may need to further assess the accuracy of the measurement based on discovery signal. Reusing the legacy measurement signal CRS could relieve the work load of RAN, whereas we may need to evaluate the influence on “on” cells caused by additional measurement signal transmission.
As described in [11], semi-static “off” cells may be activated in response to traffic load increases, UE arrival and packet arrival. Whenever triggered by UE arrival or packet arrival, it is unlikely to be necessary to turn on more than one “off” cells at the same time. Hence which interference should be involved in the RSRQ calculation of an “off” cell may need further consideration. It may be reasonable that only the interference from “on” cells is considered. 
Proposal 4: Both RSRP and RSRQ of “off” cells should be measured and reported by UEs. How to derive the RSRQ of “off” cells may need further study.
3.3. Two-step discovery of “off” cells
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Figure 2 Two-step discovery of “off” cells
To suppress the interferences from “off” cells to “on” cells, all unnecessary signals from “off” cells should be avoided. If the discovery signal could be reused for measurement, the transmission of a measurement signal would be unnecessary. However, the accuracy of measurements based on the discovery signal may need further assessment as we discussed above.
Another economical method is to reduce measurement signal transmission. An “off” cell could transmit the discovery signal with a long period and not transmit any measurement signal at all. Only after it is informed that it is detected by a certain UE and its measurement signal is required, the “off” cell starts transmitting the measurement signal. Separately transmitting a discovery signal and a measurement signal could reduce the interference from “off” cells to “on” cells and save the energy of “off” cells. The details of the two-step discovery process of an “off” cell are shown in Figure 2.
One possible drawback of the two-step discovery mechanism is that the message exchange before the measurement signal transmission may increase the transition time of the “off” cell. However, in view of the fact that UEs could detect and measure an “off” cell with always-on discovery signal before the activation of the “off” cell is triggered, the postponed transmission of the measurement signal may not obviously slow the transition of the “off” cell to the “on” state.
Proposal 5: A two-step discovery mechanism of “off” small cells should be considered, where the measurement signal is transmitted only after the small cell is discovered by a certain UE.
4. Conclusions
In this contribution, we first analyze UL-based and DL-based “off” cell discovery mechanisms and propose,
Proposal 1: UL-based discovery should be transparently supported  for legacy UEs.
Proposal 2: DL-based discovery should be supported in Rel-12.
Next, some issues of discovery and measurement for DL-based discovery are discussed. Our proposals are
Proposal 3: PSS/SSS-IC should be considered as the discovery signal of “off” cells with high priority.
Proposal 4: Both RSRP and RSRQ of “off” cells should be measured and reported by UEs. How to derive RSRQ of “off” cells may need further study.
Proposal 5: A two-step discovery mechanism of “off” small cells should be considered, where the measurement signal is transmitted only after the small cell is discovered by a certain UE.
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