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1 Introduction

In the last RAN1 meeting #76bis, alternatives for DRS design are partially down-selected, and open issues are identified to further down-select the DRS design [1]. In this contribution, we address the preferences for the DRS design focusing on the functions associated with the DRS.
	Agreements:
· Further down select of following alternatives of DRS in RAN1 #77 meeting

· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable
· Alt. 3a: DRS is PSS/SSS/CRS

· Alt. 3b: DRS is PSS/SSS/CSI-RS

· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable



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, and an active cell if the cell can schedule any PDSCH and/or PUSCH, and a dormant cell if the cell transmits nothing. The UE performs RRM measurements based on CRS (i.e., C-RRM) and/or DRS (i.e., D-RRM) 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, e.g., less than 3 us for timing offset and less than 0.1 ppm for frequency offset, 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 backhauls to facilitate traffic load shifting schemes. 
2.1 DRS for Synchronization

 In RAN1#76bis, RAN1 agreed that the Rel-8 PSS and SSS are part of DRS [1]. UE derives synchronization based on received PSS/SSS from DTx small cells, so does from active cells. It is expected that the inter-PSS/SSS interference are severe in the dense small cell deployment. In such scenario, it may not be necessary that all small cells transmit PSS and SSS if geographically adjacent small cells are time/frequency synchronized within a small cell cluster. In other words, only a few small cells in a small cell cluster provide PSS/SSS and DRS, while other small cells in the same small cell cluster transmit DRSs but not PSS/SSS. In this case, UE should demodulate DRSs from small cells in the considering small cell cluster by using the acquired time/frequency synchronization from the received PSS/SSS. This PSS/SSS sharing can avoid inter-PSS/SSS interference, and increase the cell detection probability.
Observation: The time/frequency synchronization can be reused to demodulate DRS(s) if small cells are densely deployed and are synchronized within the small cell cluster.

In this shared PSS/SSS case, the serving cell should deliver to the UE that the association information between the PSS/SSS to be reused and the DRS, e.g., the reused physical cell id and its corresponding cell id(s). This information would indicate that the reused PSS/SSS and the DRS have the quasi-colocation property in terms of delay spread, Doppler spread, Doppler shift, average gain, and average delay.

Proposal 1: The network assistance for DRS should include at least the association information between the PSS/SSS to be reused and the DRS
2.2 DRS for RRM measurements

 In the dense small cell scenario considering the SCE SI, the Rel-8 PSS/SSS/CRS is shown not to have sufficient cell id detection probability, and the enhancement of the existing PSS/SSS/CRS and/or the PSS/SSS/CRS IC at UE are deemed necessary [2]. For the IC at UE consumes more UE battery, and the scenario such as FeICIC where UE IC has been considered assumes one dominant interference and the other interference have negligible received power. However, in the dense small cell scenario, each interference has comparable received power at the UE and the UE IC might not well optimized to this scenario. It is not desirable to rely on the only UE capability to the small cell discovery.

The aligned CRS shift, where the network performs physical cell id planning to overlap CRS REs of adjacent cells, can be one way of reducing CRS-PDSCH interferences [3]. In this case, the CRS-PDSCH interference can be reduced in returns of severer inter-CRS interference. Without the CRS IC capability, then the residual inter-CRS interference may degrade the control channel decoding performance and decrease the RRM measurement accuracy due to the perpetual inter-CRS interference. It is still not desirable to rely on the both physical cell id planning and UE capability to the small cell discovery.

Instead, we can consider the shared cell id scenario for the RRC_CONNECTED UEs, where all small cells within a macro cell are allocated to the same physical cell id but different (virtual) cell id for each small cell transmission point. In this case, the network operation does not need to depend on the physical cell id and can resolve the inter-CRS interference and CRS-PDSCH interferences. A company showed a meaningful throughput gain in the simulation under the dense small cell scenario with the shared cell id [4]. In the shared cell id scenario, the extensive use of CSI RS should be considered because it can be initialized by using the cell-specific id that is configured by the network, not by the physical cell id that is fixed by the network. Moreover, in the dense small cell scenario, ZP CSI RS and PDSCH rate matching are highly advantageous to coordinate inter-CSI RS interference and CSI RS-PDSCH interference at the transmitter. These CSI RS properties allow to achieve comparable CSI RSRP to cell specific RSRP using less number of accumulated subframes in system level simulations campaigns, as performed in some contribution papers in RAN1#76bis meeting [1]. It is worth to note that many companies observed that the absolute CSI RSRP measurement accuracy is shown to satisfy the current RRM measurement accuracy requirements [1].
Proposal 2: The Rel-12 DRS consists of the reused PSS/SSS and CSI RS.

2.2.1 RRM measurement accuracy based on DRS

Assuming that synchronizations by reused PSS/SSS, UE may perform DRS based RRM measurements and/or CRS based RRM measurements (C-RRM) in order to reduce the time required for cell state changes [5]. 
The dense small cell scenario has active small cells, DTx small cells, and possibly dormant small cells depending on traffic load variations offered to the network. If the network changes 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 C-RRM measurements for active cells and D-RRM measurements for DTx cells, the serving cell should signal implicitly or the explicitly to the UE the states of all adjacent small cells for all configured monitoring frequencies. The explicit signalling overhead can be huge if the UE is monitoring many frequencies and if the cell changes its state fast, even though there are few of small cells. In terms of the signalling overhead, it is beneficial that the UE should autonomously detects the cell state, and perform either C-RRM or D-RRM depending on the detected cell state. For example, UE can assume that the cell is active if UE detects the presence of CRS, and the cell is DTx otherwise. However, such cell state detection may not be robust if UE is located at the center of small cell cluster where the inter-CRS interference is significant if UE does not have CRS IC capability. This implies that UE might not detect all cell states autonomously. In other words, separate RRM measurements depending on cell state are not desirable whether cell states are known explicitly or implicitly.
Proposal 3: For RRM measurements for Rel-12 cell discovery, UE should perform D-RRM measurements only.
In the existing time domain ICIC techniques such as ABS configurations, the serving cell can divide subframes into two subframe sets based on the indicated subframe patterns, i.e., ABS set and non-ABS set. Then, the UE should perform C-RRM MR for each subframe set. When DRS is transmitted in ABS subframe, UE should measure D-RSRP/D-RSRQ in ABS with the same measurement accuracy requirement for CRS based RSRP (C-RSRP)/CRS based RSRQ (C-RSRQ) in ABS, respectively. Likewise, the same measurement accuracy of C-RSRP/C-RSRQ in non-ABS should be applied to the D-RSRP/D-RSRQ in non-ABS, respectively. By keeping the same accuracy, the D-RSRP/D-RSRQ can be used instead of C-RSRP/C-RSRQ to any cases including handover, CA, and DC.

Proposal 4: The current C-RRM measurement accuracy requirements should be applied for the Rel-12 D-RRM measurements.

2.2.2 DRS based RSRQ measurements

The D-RSRQ can be defined as the ratio between D-RSRP and D-RSSI. The D-RSRP can be defined similarly as the current TS 36.214. In this case, it is defined as the linear average of received energy in DRS REs based on coherent DRS sequence detection and the number of antenna port is one or two depending on UE capability.

The D-RSSI may or may not be defined similarly as the current TS 36.214 because the D-RSSI following the current definition will be overestimated or underestimated depending on scenarios. According to TS 36.214, the CRS is transmitted regardless of the offered traffic load, and the CRS based RSSI is measured from either OFDM symbols that contain CRS REs or all OFDM symbols in the configured subframe that the network indicated. 

The D-RSSI can also be measured from OFDM symbols that contain DRS REs. In this case, the resultant D-RSRQ based on such D-RSSI measurement would not represent the received interference accurately because 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. In the case where the PSS/SSS/CSI RS is adopted as DRS, then the use of ZP CSI RS/PDSCH rate matching decreases the D-RSSI because an active cell may mute PDSCH REs. In this case, inter-cell interferences at those OFDM symbols are underestimated. Thus, the D-RSSI is not a good interference intensity indicator under such definition. It is desirable that the D-RSSI may not depend on OFDM symbols containing reference signals that are transmitted regardless of the offered traffic load.

 We have to notice that the D-RSSI need not represent the received signal strength indicator because D-RSSI is used only for D-RSRQ calculation at RRC_CONNECTED UEs and for no other purposes. The D-RSRQ definition should capture accurately the received link quality from on/off-capable cells. It may be desirable that the D-RSSI measures OFDM symbols where only PDSCH is transmitted. In this case, the D-RSSI calculation may depend on OFDM symbols that the serving cell indicates. On the other hand, if the restricted measurement subframes is configured for D-RSRQ measurements along with time domain ICIC schemes, then UE can use all OFDM symbols in the configured subframe in order to reuse the current UE implementation.

Proposal 5: The network should indicate which OFDM symbols that UE should use for D-RSSI.
2.3 DRS for CSI feedback
In consideration of the cell on/off in scenarios using L1 signal [7], some companies considers the CSI feedback even to the DTx SCell(s), as well as the D-RRM measurement report (MR) to the PCell if CA scenario is considered or to the pSCell if DC scenario is considered. If we consider the CSI RS as DRS, then UE can perform both D-RRM MR the CSI feedback based on DRS. However, the transmission of D-RRM measurement and CSI feedback are quite different. In terms of reporting period, DRS subframe(s) may be transmitted at every a few tens/hundreds of subframes using the configured measurement bandwidth for D-RRM measurement. For CSI feedback, CSI RS subframe may be transmitted at every ones/tens of subframes that span the whole downlink bandwidth if the wideband CSI feedback is configured. We have two alternatives for the CSI RS based D-RRM MR and CSI feedback.

- Alt. 1: Only one CSI RS configuration for a small cell may be used to both CSI RSRP/CSI RSRQ MR and CSI feedback. In this case, it is highly desirable that the sequence length of CSI RS is the maximum between the configured CSI feedback and the configured CSI RSRP/CSI RSRQ. It is also desirable that the CSI RS subframe period is the greatest common divisor of the period of CSI feedback and the period of CSI RSRP/CSI RSRQ MR. In the case of systems with a narrow bandwidth such as 1.4 MHz and 3MHz, even the CSI RS that spans the whole downlink bandwidth may not achieve the measurement accuracy in the current TS 36.133. 

- Alt. 2: Different CSI RS resources can be configured for CSI feedback and CSI RSRP/RSRQ MR. For example, UE can assume that a single port CSI RS resource that occupies the configured measurement bandwidth may have long period, e.g., 80 ms, and a single port CSI RS with different resource configuration that spans the whole downlink bandwidth may have short period, e.g., 20 ms. If both two CSI RS resources have the same subframe offset, then those two CSI RS resources are transmitted at every least common multiple number of subframes, e.g., 80 ms. The serving cell can configure to the UE of RRM measurement object that has 80 ms periodicity, and of periodic CSI feedback at every 20 ms. In this case, UE can assume that the doubled RE density for CSI RSRP/CSI RSRQ measurement, so that the CSI RSRP/CSI RSRQ measurement accuracy would be increased even in the narrow bandwidth system. The additionally configured CSI RS resource to assist CSI RSRP/CSI RSRQ MR causes interferences to other cells, but the increased interference can be minimal if the additional CSI RS resource can be configured with the lowest periodicity and the lowest measurement bandwidth. We also note that the multiple CSI RS resources may be helpful for the acquisition and tracking of synchronization.
Proposal 6: Different CSI RS resources can be configured for each function of the cell discovery if necessary.

2.4 Uplink transmissions to DTx cells
In the case of CA-based fast cell on/off, the UE need to transmit only to the PCell for CSI feedback and/or RRM MR. The PUSCH transmission to SCell(s) may share the same TA and TPC commands for the PCell if the considered SCell(s) are in the same TAG that the PCell belongs to. However, in the case of CA with multiple TAGs based cell on/off, UE should be able to transmit to DTx SCell(s) in the TAG that the PCell does not belong to. Also, in the case of DC-based cell on/off with multiple TAGs in SeNB, the UE should be able to transmit to the DTx sSCell(s) if sSCell is in TAG that pSCell does not belong to. In this case, UE needs to know the appropriate transmission power and the timing advance (TA) value to the DTx sSCell(s). Since the DTx sSCell does not transmit CRS at every subframe, UE does not receive DCI associated with the TPC command nor MAC CE associated with TA value in some subframes.

 For the TA value for the sSCell, the SRS can be used to track TA value, assuming that the initial TA value is obtained through the RACH procedure during the sSCell configuration. We note that the SRS can also be used to acquire the uplink channel response for PUSCH scheduling. 

For the transmission power for the sSCell, UE should use the CRS to estimate downlink pathloss based on the signaled CRS EPRE, according to the current specification TS 36.213. In Rel-12 SCE scenario, UE can similarly estimate the downlink pathloss from the considered cell based on the CRS from any active cell in the small cell cluster. UE can reuse the estimated downlink pathloss from the active cell to set the uplink transmission power for the considered cell. According to the LS [6], RAN2 agreed that the pSCell keeps active in Rel-12 DC scenario. This implies that at least one cell is active in the SCG. However, in the case that the configured DTx sSCell(s) in SCG are in the different TAG that pSCell belongs to, then UE need to derive the downlink pathloss based on the received DRS. 
If reused PSS/SSS and CSI RS is adopted as DRS, then UE should know the EPRE of either PSS/SSS or CSI RS to estimate the downlink pathloss. Although a DTx small cell may or may not transmit PSS/SSS depending on the deployment scenario, the CSI RS is available to the UE regardless of the small cell state. By providing EPRE of CSI RS, UE can perform appropriate PHR(s) to serving cell(s), which is under discussion in the Rel-12 DC scenario.
Proposal 7: To further reduce the transition time of small cells from DTx to active state, the EPRE of CSI RS should be provided to the UE.

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: The network assistance for DRS should include at least the association information between the PSS/SSS to be reused and the DRS
· Proposal 2: The Rel-12 DRS consists of the reused PSS/SSS and CSI RS.
· Proposal 3: For RRM measurements for Rel-12 cell discovery, UE should perform D-RRM measurements only.
· Proposal 4: The current C-RRM measurement accuracy requirements should be applied for the Rel-12 D-RRM measurements.
· Proposal 5: The network should indicate which OFDM symbols that UE should use for D-RSSI.
· Proposal 6: Different CSI RS resources can be configured for each function of the cell discovery if necessary.
· Proposal 7: To further reduce the transition time of small cells from DTx to active state, the EPRE of CSI RS should be provided to the UE.
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