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1 Introduction

In this contribution, we address the preferences for some of open issues for SCE discovery signal design based on the conclusion in the last RAN1 meeting [1].
	Conclusion:
· Followings are open issues of small cell on/off and discovery to reduce the transition time
· How to support DRS-based RSRQ-like measurements

· Potential RAN2 impacts to use the DRS-based measurements in handover, and carrier aggregation activation/deactivation, and dual connectivity procedure (being defined in RAN2)

· Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time

· Specify UE monitoring behavior when DRS(s) is configured for a UE, e.g., 

· Whether DRS can be transmitted when cell is on

· Under what condition(s) UE measurements are based on DRS, and/or CRS

· Whether (and how) cell On/Off states explicitly informed to UE

· Which other signal(s) the UE can assume are transmitted in addition to PSS for enhanced cell discovery

· Details of network assistance/information provided to UEs for performing enhanced cell discovery
· Other aspects related small cell on/off and discovery include RLM, DRX are FFS


2 Discussions
 The on/off-capable cell may transmit the discovery signal (DRS) to support efficient cell on/off operations. The cell is called a DTx cell if the cell transmits DRS only, an active cell if the cell can schedule any PDSCH, and a dormant cell if the cell transmits nothing. The UE performs RRM measurements based on DRS and these measurement reports to the serving cell can be used for the traffic load balancing between small cells and/or the traffic offloading from a macro cell to small cells. Each cell can signal and/or be signaled from all other cells via non-ideal backhauls. Small cells that are deployed closely may form a small cell cluster, which is assumed to be time and frequency synchronized to a certain degree within the small cell cluster, but not necessarily assumed to be synchronized between small cell clusters, nor between the small cell cluster and the macro cell. The macro cell that a small cell cluster belongs to may send the state indication signal for each small cell and/or neighbor cells via non-ideal backhauls to facilitate traffic load shifting schemes. In this section, we discuss the DRS design in aspects of the synchronization and the RRM measurement.
2.1 Synchronization
According to the agreements in RAN1 #76 [1], UE can assume multiple signals including PSS and other signals to obtain the coarse time synchronization. However, the PSS only is not sufficient for the time synchronization for demodulating the DRS. PSS sequences from many small cells are overlapped and received by the UE. Then three reception timings are derived by the UE, and each reception timing will not represent the exact FFT timing for demodulating the DRS. This timing offset may or may not be large depending on the specific DRS design. If the considering DRS supports such timing offset, then it may suffice that the network would indicate the DRS configuration to the UE. Otherwise, it is necessary that the network should inform of the UE the additional synchronization information, while the network aided synchronization further reduces the remaining timing uncertainty. 
If the remaining timing uncertainty is still large for the considered DRS or if the network aided synchronization is not feasible to implement, then additional signal for time synchronization should be available to the UE. One of most promising synchronization signal is Rel-8 SSS, which UE can detect autonomously. In this case, since both PSS and SSS are transmitted, the UE can use the derived FFT timing to demodulate the DRS without any additional network assisted time synchronization if PSS/SSS are correctly detected and are transmitted from the same cell that the DRS is transmitted.
If the CSI RS is considered as a DRS, the reception timing offset should be less than ±2.67 us [2]. The PSS only may not achieve this reception time uncertainty because the derived FFT timing from the PSS may not located within the time window of CSI RS. The network assisted synchronization might be available to reduce the reception time offset up to ±2.67 us, but it may not be feasible in practice due to the inherent backhaul delay between cells. Thus, the PSS/SSS should be transmitted from the small cell if CSI RS is considered as DRS.
Proposal 1: UE may assume the presence of SSS for time synchronization if UE detects PSS.
However, in the densely deployed small cell scenario, the detection probability of PSS/SSS is not high [3], i.e., only a few small cells can be detected if each small cell transmits PSS/SSS synchronously. In order to reduce inter-PSS/SSS interferences, the UE may cancel some of interfering PSS/SSSs. The PSS/SSS-IC increases the cell id detection probability in the dense small cell scenario [4]. Nonetheless, the PSS/SSS-IC relies on UE capability, increases the UE complexity and battery consumptions, which are important features for the small cell discovery as agreed in RAN1 #76 [1]. Instead, the PSS/SSS sharing within the small cell cluster can be used, provided that propagation delays from the small cells to the UE are not much different, i.e., only a few small cells in a small cell cluster transmit both PSS/SSS while each small cell in the small cell cluster transmits its own DRS for cell identification and RRM measurements. When some of small cells transmit PSS/SSS, the network should indicate the mapping information between the cell id and the DRS configuration information. Then, the UE may derive the rough DRS reception timing based on the shared PSS/SSS. In the case of sparse small cell scenarios, where the inter-PSS/SSS interference is not serious, each small cell may transmit PSS/SSS as well as DRS. 
2.2 Measurements

According [5], UE should be able to obtain RRM measurements based on DRS regardless of small cell states based on the acquired synchronization in order to reduce the time required for cell state changes. In this section, the RRM measurement based on DRS, the RSRP based on DRS are denoted as D-RRM and D-RSRP, respectively. 
It has been identified that the fast cell on/off transition increases the throughput in the TR 36.872 [3]. The faster cell state transition is possible if UE performs RRM measurements even from DTx cells as well as active cells. In the case of active cells, the UE could perform RRM measurements based on CRS, while the UE should perform DRS-based RRM measurements in the case of DTx cells. 

The dense small cell scenario has active small cells, DTx small cells, and possibly dormant small cells depending on traffic load variations offered to cells. If the network switches small cell states for load balancing and/or offloading, then the unified RRM measurements independent of cell states are highly beneficial. When a UE separately performs CRS based RRM measurements for active cells and D-RRM measurements for DTx cells following the cell state indication for each component carrier from the serving cell, the combined interference condition is not seen to the network even with the increased UE efforts and battery consumptions. Moreover, CRS based RRM measurements might require more subframes than D-RRM measurements may require in some small cell deployment scenarios. For instance, it is reported in [6] that one subframe may suffice to obtain accurate RSRP measurements of topmost three small cells when all small cells are synchronized within the small cell cluster. On the other hand, relatively more CRS subframes should be accumulated to relieve strong inter-CRS interferences if the CRS-IC is not enabled at the UE.
Proposal 2: The unified UE behaviour for RRM measurements should be supported regardless of cell states.
In the case of the unified RRM measurement to be introduced, the sufficient RRM measurement accuracy should be guaranteed, e.g., the D-RRM measurement accuracy should satisfy the requirement in TS 36.133 for applications such as the handover, CA, and dual connectivity.
Proposal 3: The current RRM measurement accuracy requirements should be applied for D-RRM measurements.

Due to the severe inter-DRS interferences in the dense small cell scenario, the UE may be able to perform DRS-IC to achieve reliable RRM measurements. In this case, we might adopt the receiver-based interference cancellation scheme. However, similar reasons as the previous section, we prefer the transmitter-based interference coordination scheme, e.g., the orthogonal DRS configuration between cells, because it does not rely on UE capability, not drain UE battery, and not increase UE implementation complexity. 

If the CSI RS is considered as a DRS, the serving cell may have orthogonal configurations of NZP/ZP CSI RS for each small cell and even non-IC-capable UEs can detect NZP CSI RS reliably due to the PDSCH muting by using ZP CSI RS in the dense small cell scenario. As described in the previous section, UE can acquire fine time and frequency synchronizations from the NZP/ZP CSI RS with shared PSS/SSS even in the dense small cell scenario; the UE acquires coarse synchronization from the shared PSS/SSS and refines the quality of synchronization by using CSI RS.

Proposal 4: NZP/ZP CSI RS with PSS/SSS sharing should be the baseline during the WI phase.
2.2.1 RSRQ-like Measurements

 The definition of the D-RSRP can be generalized directly from the definition of the CRS based RSRP. The RSRQ-like measurements based on DRS, which is called D-RSRQ in this subsection, can be defined as the ratio between D-RSRP and RSSI-like measurements based on DRS, which is called the D-RSSI in this subsection. Since the D-RSRQ could be used as metrics that the CRS based RSRQ is currently applied to, it is desirable that the D-RSRQ could represent the long-term SINR condition of the considering link and that the D-RSSI could represent the long-term interference condition of that link.
However, if the D-RSSI is measured by using OFDM symbols containing DRS, then the D-RSSI shall accumulate the received signal power from DTx cells that do not contribute the PDSCH interference, as well as the received signal power from active cells that actually contribute the interference. Using such definition, the D-RSSI is not a good interference intensity indicator as described in [7] and [8]. Moreover, if CSI RS is used as DRS, then the use of ZP CSI RS decreases the D-RSSI value because an active cell mutes PDSCH REs by using the ZP CSI RS and inter-cell interferences at those OFDM symbols are underestimated. Thus, it is desirable that OFDM symbols used for D-RSSI do not contain DRS. On the other hand, in case that the D-RSSI is measured using OFDM symbols that contain CRS REs, the D-RSSI overestimates the interference intensity because active cells transmits CRS regardless of the offered traffic load. Therefore, it is better to avoid OFDM symbols that include CRS REs and DRS REs for D-RSSI measurements. In this case, the serving cell can indicate which OFDM symbols to be used for D-RSSI measurements. 
Proposal 5: D-RSSI measurements should be based on the OFDM symbols that do not include CRS REs and DRS REs.
2.2.2 Relations to interference mitigation schemes
The DRS configurations should be well harmonized with various existing ICIC/eICIC/FeICIC schemes. For example, if the time domain eICIC scheme such as ABSs is configured at the macro cell, then RRM measurement reports shall be different depending on whether a UE monitors ABSs or non-ABSs, provided that the macro cell and small cells have time synchronized in the subframe level. In this case, if a UE performs inter-frequency RRM measurements in the frequency where ABSs are configured at the macro cell, then it is desirable that the UE can distinguish ABSs and non-ABSs. If the measurement gap is configured to the UE, then the UE should be able to distinguish DRS subframes in the ABS set and DRS subframes in the non-ABS set within the measurement gap. This presumes that DRS subframe occurrences are well optimized for inter-frequency discovery.
Proposal 6: The DRS design should consider at least time domain ICIC schemes.
3 Conclusion

In this contribution, the design issues of DRS are discussed and the candidate DRS configurations are exemplified. Based on the discussions, we make the following proposals:
· Proposal 1: UE may assume the presence of SSS for time synchronization if UE detects PSS.
· Proposal 2: The unified UE behaviour for RRM measurements should be supported regardless of cell states.
· Proposal 3: The current RRM measurement accuracy requirements should be applied for D-RRM measurements.
· Proposal 4: NZP/ZP CSI RS with PSS/SSS sharing should be the baseline during the WI phase.
· Proposal 5: D-RSSI measurements should be based on the OFDM symbols that do not include CRS REs and DRS REs.
· Proposal 6: The DRS design should consider at least time domain ICIC schemes.
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