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1 Introduction
In the RAN1 #76 and RAN1 #76bis meetings, discovery reference signal (DRS) topics were discussed, including DRS options, functions and DRS based RRM measurements. The relevant agreements are summarized below [1][2]: 
· Support DRS-based RSRQ-like measurements, the details of which are FFS. 
· FFS: Whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals. 
· A DRS comprises following signals 

· Both PSS and SSS are transmitted.

· Additional reference signal(s) include CRS and/or CSI-RS.

· FFS: Changing mapping of PSS/SSS, CRS, CSI-RS.

· 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 

In this contribution, further information for DRS based RRM measurement based on the above agreements is discussed, focusing on the RSSI bias issue and related solutions. Other aspects related to DRS design and evaluations are discussed in the companion contributions [3]-[5]. 
2 Design assumptions for DRS based RRM measurements
To support small cell ON/OFF operation, DRS based RRM measurement is supported for a UE to obtain RRM measurement results even during the off-state of a small cell, which reduces the transition time from OFF to ON and accordingly enhances the UE data rate. Before designing DRS based RRM measurements, a few design assumptions need to be made. 
As discussed in [3], for reduced signaling overhead and simplified UE behavior, it would be beneficial if DRS was transmitted by a small cell regardless of its ON/OFF state if the DRS is configured, and accordingly a Rel-12 UE performs the DRS based RRM measurements. 
In addition, DRS can provide benefits compared to legacy CRS. First, it is desirable that the DRS could have a longer periodicity than the PSS/SSS/CRS, e.g., tens or hundreds of milliseconds, in order to reduce network energy consumption and inter-cell interference. Second, simultaneous DRS transmission from multiple small cells allows a UE to detect and get measurement results of these small cells together, which is beneficial for UE power saving [8]. Third, CSI-RS based DRS has better RRM measurement performance than CRS based DRS due to CSI-RS ICIC [4]. Furthermore, it is a future-proof design considering the increased number of carriers in operation in the future. Considering long periodicity and simultaneous transmission of DRS, network assistance information can be provided for a UE to detect the DRS [3].  
Based on the above discussion, the following design assumptions for DRS based RRM measurements are made. 

Design assumptions: 

· If the DRS is configured, the DRS is transmitted by a small cell regardless of its ON/OFF state, and a Rel-12 UE can be configured to perform the DRS based RRM measurement. 

· The DRS supports longer periodicity than PSS/SSS/CRS, e.g., tens or hundreds of milliseconds.
· The DRS supports simultaneous transmission among neighboring small cells, e.g., small cells within one cluster. 
3 RSSI measurements for small cell on/off 
Legacy RSRQ is defined as the ratio N*RSRP/RSSI, where N is the RSSI measurement bandwidth in terms of resource blocks and RSSI comprises the linear average of total received power observed in OFDM symbols containing CRS port 0 (non-eICIC scheme) or over all OFDM symbols in the indicated subframes (eICIC scheme) [6]. Contrary to RSRP, RSRQ can capture intra-cell and inter-cell load information, and RSSI does not require correlation detection. Therefore, RSRQ is a metric for inter-frequency measurement, and can be used for load balancing among multiple carriers on the small cell layer. 
If the same OFDM symbols are used for both RSRP and RSSI measurement, as in the legacy system, then an RSSI measurement error would be introduced, which may bring some inefficient operations by the network, e.g., adding a high load carrier to a UE. The details of this issue are discussed in section 3.1. 
3.1 RSSI measurement issues
In most cases, a UE can detect and measure a set of surrounding small cells with both ON and OFF states. Considering long periodicity of the DRS and simultaneous DRS transmission of these synchronized small cells, the UE would calculate the received power of the DRS from an OFF-state small cell into the RSSI, which significantly underestimates the related RSRQ [7], especially when there are a large number of OFF-state small cells. For example as shown in Figure 1, cell 1 is in OFF-state and cell 2 is also in OFF-state to begin with. In this case, cells 1 and 2 do not transmit signals except for their DRSs. Therefore in non-DRS subframes, cell 3 would not suffer interference from cell 1 and 2, but the UE’s RSSI captures the received power of the DRSs from cell 1 and 2. Hence if RSSI is measured in OFDM symbols containing DRS, the RSSI measurement would be biased, resulting in inaccurate RSRQ measurement. After cell 2 is turned ON, the measured RSSI maybe unchanged, if there is no PDSCH scheduling in the DRS carrying subframes, or the scheduled PDSCH cannot occupy the same OFDM symbols as the DRS due to zero power CSI-RS configurations. This is clearly unreasonable because after being turned ON, cell 2 is generating higher interference to neighbouring cells.  
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Figure 1 RSSI bias issue due to OFF-state small cells
To solve the above RSSI bias issues, RSSI should be measured on a resource (e.g., OFDM symbols or subframes) that don’t contain the DRS. The resource can be predefined or configured by the network. If the resource can be configured, then a UE is configured with a RSSI measurement resource on which the UE performs measurements of the total received power. With proper network configuration, this solution can solve the RSSI bias issue.
The resource should preferably also carry some reference signals which are transmitted when the cell is ON in order to capture the stable power from the reference signals if the cell is ON, as what is done in the current LTE systems where the power of always-on CRS is calculated into the legacy RSSI. The resource should also carry PDSCH power depending on dynamic scheduling, which is used for capturing the dynamic load information into the RSSI. The detail of this solution is related to the design of the DRS. For example, if the DRS is based on PSS/SSS/CSI-RS, then the RSSI is measured in the OFDM symbols containing CRS as in the current RSSI definition and as shown in Figure 2. This method also applies to the case where the DRS is based on PSS/SSS/CSI-RS with configurable CRS. The configured CRS on an OFF-state cell may be used for time and frequency tracking for dynamic on/off. It is highly desirable to adopt a common solution for RSSI measurements, e.g., the RSSI is measured on CRS symbols, regardless whether the CRS part of the DRS is configured or not. Alternatively, if the DRS is based on PSS/SSS/CRS, the RSSI can be measured in a second set of CRS subframes which is in time domain different from the first set of CRS subframes containing the DRS used for RSRP measurement. 
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Figure 2 Separating RSRP and RSSI measuring resource in time domain

Proposal 1: If DRS is based on PSS/SSS/CSI-RS only or PSS/SSS/CSI-RS with configurable CRS, the RSSI is measured on a resource at least not including the PSS/SSS/CSI-RS. Details are FFS. 
Depending on the above solution by separating RSRP and RSSI measuring resource, one potential issue is that when the measured cell is in the OFF-state, the RSSI may not capture the power of any signal from the measured cell. This makes the RSRQ of the OFF-cell more like an SINR, and what is worse is that this RSRQ cannot be comparable to the legacy RSRQ which always accounts for the CRS power of the measured cell. A simple solution is to slightly modify the current RSRP/RSSI based RSRQ definition to RSRP/(RSRP+RSSI) based RSRQ [9]. 

Proposal 2: Modified RSRQ definition based on RSRP/(RSRP+RSSI) should be considered.

4 Conclusion
In this contribution, further information for DRS based RRM measurement based on the above agreements is discussed, focusing on the RSSI bias issue and related solutions. Finally, the following proposals are proposed: 

Proposal 1: If DRS is based on PSS/SSS/CSI-RS only or PSS/SSS/CSI-RS with configurable CRS, the RSSI is measured on a resource at least not including the PSS/SSS/CSI-RS. Details are FFS. 

Proposal 2: Modified RSRQ definition based on RSRP/(RSRP+RSSI) should be considered.
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