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1
Introduction

For enhanced small cell operation, measurements on DRS have been accepted.  This enables UEs to perform highly reliable measurements in dense deployment on small cells.  Another benefit of measurements on DRS is the ability for UEs to perform measurements on cells switching between an on and off state, where CRS may not always be transmitted.
At RAN1 #76, the following was agreed for measurements on DRS:

· For intra-/inter-frequency RRM measurement, at least DRS-based RSRP measurements are supported.

· For RRM measurements, support DRS-based RSRQ-like measurements.

· Details are FFS.

· For received signal quality (RSRQ) measurement:

· FFS: whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals.

Furthermore, at RAN1 #77, it was agreed that CRS- and CSI-RS-based DRSRP measurements are supported.

In this contribution, we discuss methods to achieve efficient and reliable RSSI and RSRQ measurements on a DRS, namely DRSSI and DRSRQ. 

2
Discussion
In a previous contribution [1] we provided system-level simulation results that showed the effect of load on the over-all throughput for cell associations based on different DRSSI measurements.  It was concluded that to achieve the best throughput, cell association biasing and DRSSI measurements needed to be optimized based on average load.  In this contribution we discuss the remaining DRSSI measurement alternatives to determine which can lend themselves best to achieving the type of optimization proposed in [1] and lead to enhancing cell association to achieve best throughput performance.
CSI-RS-based DRSRP measurements have been agreed to be supported.  In such a scenario, it is possible that transmission points can only be measured on CSI-RS.  Therefore based on the agreement, we believe it is also required to support DRSRQ measurements using CSI-RS-based DRSRP measurements.

Proposal 1: Support DRSRQ measurements using CSI-RS-based DRSRP.
Following RAN1 #77, an e-mail discussion was launched to discuss methods to perform efficient DRSSI and DRSRQ measurements on DRS.  The following four alternatives were proposed [2]:

· Alt 1: Discovery RSSI (DRSSI) is measured on configured subframe(s) on OFDM symbols that cannot contain signals potentially present in a DRS occasion, independently of whether the UE is configured to report CSI-RS-based RRM measurements

· FFS which OFDM symbols depending on CP length and frame structure type
· Alt 1 may require a new equation of RSRQ with a scaling factor in the denominator

· FFS is this scaling factor would be fixed or could be adjusted by the network

· Alt 2: Discovery RSSI (DRSSI) is measured outside DRS occasions on OFDM symbols that contain CRS port 0.
· Alt 3: Measure and average DRSSI over all OFDM symbols in a subframe.

· FFS in which subframe DRSSI would be measured (note: for eICIC the subframes are signaled)

· Alt 4: Measure and average DRSSI over OFDM symbols containing CRS port 0.

· Assuming no change to the Rel-8 definition, Alt 4 means DRSSI is measured in the same OFDM symbols used for DRSRP measurements based on DRS.

The different proposals have different consequences on measurements taken on a layer where small cell on/off is applied.  
Legacy RSSI (Alt 4)
Using the Rel-8 definition of RSSI for DRSSI (Alt 4) leads to measurements that do not distinguish between a layer operating small cell on/off or not.  This is because DRSSI measured on synchronized DRS will take into account CRS interference from all cells.  Lightly loaded small cell layers may have a high ratio of off cells to on cells at any given moment.  In such a case, Alt 4 may over-estimate the interference a UE encounters on that layer.  More specifically the DRSSI would overstate the contribution of CRS interference to over-all interference.  Furthermore, if Alt 4 is agreed, the definition provided in the conclusion of the e-mail discussion should be improved given that DRSRP may be CRS- or CSI-RS-based and as such may lead to DRSSI being measured on different symbols.
Despite the shortcomings of reusing the legacy RSSI definition for DRSSI, it has an advantage of consistency when comparing measurements from different layers.  For proper comparisons between different types of RSRQ measurements taken on different layers via different means, some of the behavior of RSSI measurements should be kept for DRSSI:

· The DRSSI should correspond to the interference experienced by a UE from both CRS and PDSCH.
· The DRSSI measured by a UE and used in DRSRQ calculations for different cells should remain constant over a layer.

Observation 1:  For proper comparison between different types of RSRQ measurements, the DRSSI should maintain similar behavior as RSSI:

· The DRSSI should correspond to the interference experienced by a UE from both CRS and PDSCH.

· The DRSSI measured by a UE and used in DRSRQ calculations for different cells should remain constant over a frequency layer.

Alt 3

This alternative attempts to correct the over-estimation of CRS interference seen in legacy RSSI by averaging DRSSI over all OFDM symbols in a subframe.  This essentially reduces the effect of CRS interference in the over-all DRSSI measurement.  This alternative satisfies the two DRSSI behaviors outlined above and can hence enable fair comparison between layers.  However, the solution does not adequately address the on/off issue.  Even though the contribution of CRS interference is reduced in this alternative, it is reduced by a same factor for all cells.  Therefore, the effect of cells being off is still not captured.
Note also that the measurement error can be further exacerbated by the on/off method used by the cells.  Highly dynamic on/off can imply a strong coupling between CRS interference and PDSCH interference in a layer.  Therefore reducing the effect of CRS interference on DRSSI can be justified by the fact that the data traffic interference should have similar behavior as CRS interference.  However slower on/off switching can mean that CRS interference is not so highly coupled with data traffic and nor can it be considered always present from all cells.

Observation 2: The performance of different RSSI measurement types can be affected by the type of on/off switching.
Therefore, a DRSSI solution should be effective in different types of on/off environments.

Alt 2
In this alternative, the DRSSI is measured on symbols that contain CRS port 0 but that are located outside DRS occasions.  This enables the UE to properly capture the CRS interference based on the actual on or off state of each cell.  However such an alternative would require UEs to either be configured with a second measurement timing configuration (on top of the DMTC) in order to enable the UE to take RSSI measurements.  This would be required of all frequency layers on which measurements are to be taken.  This solution leads to inefficient use of resources and also to UE battery waste.
Alt 1
In this alternative, the CRS-interference component of DRSSI is completely removed.  The logic behind this solution is that in on/off small cell layers, the CRS interference would likely be closely coupled with the PDSCH interference and as such may not need to be explicitly considered in the DRSSI measurement.  Note that this contradicts observation 2.  As has been previously discussed, another issue with this alternative is that it may lead to a large range of possible DRSRQ values, depending on the load of a layer.  This is in contradiction to the observation above where for proper comparison between different types of RSRQ measurements (i.e. legacy RSRQ and DRSRQ), the DRSSI should include contribution from CRS and PDSCH.
In order to address the issues with this alternative, a scaling factor has been proposed to be added to the DRSSI measurement in the denominator of the DRSRQ.  Such a scaling factor should be used to adequately represent the CRS interference a UE would observe in that layer.  It has been proposed [3]
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[4] that the scaling factor could be the DRSRP of the cell, thus adding the effect of CRS at least from the possible serving cell.  Legacy RSSI measurements include both contributions from neighboring cells as well as the possible serving cell.  The RSSI in that case is meant to measure all interference observed over a layer.  By solely using the DRSRP of the possible serving cell as a scaling factor in the DRSRQ measurement, the DRSRQ does not adequately represent the over-all CRS interference that a UE could face in such a layer.  This may not be critical for the cell with the strongest DRSRP as the CRS from that cell could possibly dominate the over-all CRS interference anyway.  But for cells with low DRSRP, the scaling factor could severely under-estimate the CRS interference on the layer.  Moreover, cells with equal SINR could produce different DRSRQ given that the ratio of desired signal to interfering signal may not remain constant.  
Furthermore, adding a single value of DRSRP that depends on the cell whose DRSRQ is being measured means that DRSSI plus scaling factor measured for each cell of a frequency layer may not be the same value.  This is in violation of the second DRSSI behavior discussed in observation 1 and can lead to problems when comparing different layers using different types of RSRQ.

Another solution could be that the scaling factor be a fixed value configured by the network.  In such a solution, the network can use its knowledge of the on/off ratio at each cell and properly adjust the expected CRS interference for each cell of a layer.  However, the effect of CRS transmission on each UE may not be known by the network and thus it may be unable to properly customize the scaling factor for each UE.
On the other hand, a UE cannot construct the scaling factor autonomously, such as by adding the DRSRP of the x strongest cells on a layer.  This removes the effect of on/off switching and essentially becomes similar to Alt 4.

To achieve an appropriate result, the scaling factor can be constructed based on on/off ratio information from the network and DRSRP measurements from the UE.  For example, the network can determine component scaling factors for multiple cells; these may be tied to the on/off ratio of the cells.  The network can then configure UEs taking measurement on the layer with a set of component scaling factors.  A UE can then construct the DRSRQ by applying the the component scaling factors to the DRSRP of multiple cells and using that as the over-all scaling of the DRSSI in the following manner:
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 is the component scaling factor configured by the network for cell i, N is the number of RBs of the DRSSI measurement bandwidth, x is the set of DRSRP to be used in the DRSRQ calculation and the DRSRP can be CRS-based or CSI-RS-based.
Proposal 2: The DRSRQ can be constructed by a function of DRSRP of the cell, the DRSSI as defined in Alt 1, and ascaling factor term in the denominator composed of the sum of the strongest DRSRP of cells on a layer, each multiplied by a network-controlled component scaling factor.
The component scaling factors 
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 can be obtained at the network as a function of the on/off ratio of each cell; possibly determined from the number of UEs and type of traffic.  This ratio can be a long-term ratio (i.e. over several frames) and therefore can be semi-statically configured.  Semi-static configuration of the component scaling factors is further validated by the fact that RSRQ measurements need not represent instantaneous channel characteristics given that at any moment, the states of neighbouring cells may not be the same as when the measurement was taken.  The component scaling factors can be signalled to a group of UEs or can be included in a DRS configuration.  The set of cells (x) to be considered in the DRSRQ can be configured by the network, or can include any cells that satisfy a criterion (such as all cells with RSRP within y dB of the strongest cell). 
3
Conclusions
In this contribution we discuss the remaining alternatives to enhance DRSSI to ensure proper operation with small cell on/off.  We provide the following observations and proposals:
Observation 1:  For proper comparison between different types of RSRQ measurements, the DRSSI should maintain similar behavior as RSSI:

· The DRSSI should correspond to the interference experienced by a UE from both CRS and PDSCH.

· The DRSSI measured by a UE and used in DRSRQ calculations for different cells should remain constant over a frequency layer.

Observation 2: The performance of different RSSI measurement types can be affected by the type of on/off switching.

Proposal 1: Support DRSRQ measurements using CSI-RS-based DRSRP.
Proposal 2: The DRSRQ can be constructed by a function of DRSRP of the cell, the DRSSI as defined in Alt 1, and a term in the denominator composed of the sum of the strongest DRSRP of cells on a layer, each multiplied by a network-controlled scaling factor.
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