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1 Introduction

In the last RAN1 meeting #77, alternatives for SCE discovery signal (DRS) design are down-selected, and the succeeding email discussion [77-10] had a detailed discussion on the Rel-12 SCE RSSI (D RSSI) and Rel-12 SCE RSRQ (D RSRQ). Four alternatives are summarized.

	Alt1: 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
· Alt1 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 RSSI over all OFDM symbols in a subframe.
· FFS in which subframes RSSI would be measured (note: for eICIC the subframes are signaled)

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

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


In this contribution, we address the preferences for remaining FFS issues for D RSSI and D RSRQ.
2 Discussions
In this section, the small cell is denoted as a DTx cell if the cell transmits DRS only, and an active cell if the cell can schedule any PDSCH and/or PUSCH.

2.1 D RSSI definition

The received energy collected for Rel-8 RSSI comes from two sources; one is from the PDSCH, and the other one is from the reference signals such as CRS and CSI RS. The Rel-8 RSSI definition accumulates two sources together, and it is not expected to fully represent the offered load because CRS is always contributes to the RSSI. In turn, when UE obtains a low RSRQ, the UE is not sure whether the considered cell is crowded by other UEs or the cell is located far away from the UE. Likewise, UE is not sure of whether the cell is rarely loaded or the cell is close to the UE if a high RSRQ is obtained. Any hypothesis can be a good indicator to change or to keep the current cell association. 

On the other hand, the cell may switch its state in Rel-12 SCE scenarios. The Rel-8 RSSI definition may cause an ambiguity to estimate the offered load and the cell state. For example, the DTx cell transmits DRS, and the active cell with low load transmits CRS and PDSCH. The Rel-8 RSSI will produce similar values for two cases. However, for the network perspective, it is better that the RSSI could capture the cell state information because the expected signalling overhead can be decreased. That is, in the case of DTx cell, the DTs cell should change into active cell to associate any UE, and this leads to larger association latency.

Observation: It is beneficial that DTx cell and active cell with low load should produce different RSSI for the association latency reduction. 

 One of main reason of this ambiguity comes from the Rel-8 RSSI definition itself, which include the received energy from reference signals. Therefore, the D RSSI should not include any RE that is used regardless of cell state, such as CRS RE, potential NZP/ZP CSI RS RE, PSS RE, and SSS RE. Instead of reference signal REs, D RSSI should include PDSCH REs to estimate the cell state by the presence/absence of PDSCH. 
Proposal 1: The D RSSI should be based on PDSCH REs, not on DRS REs.

However, the RE location for NZP/ZP CSI RS is configured in the DMTC, or may not sometimes be configured at all depending on the considered scenario. When no CSI RS is configured, then the network does not need to avoid symbols that have CSI RS REs for D RSSI measurement and may additionally use those symbols to increase the measurement accuracy. In turn, the network can decrease the duration of DRS occasion, and indirectly the network achieves higher throughput by reducing inter-cell interferences.

Observation: Careful planning of NZP/ZP CSI RS and OFDM symbols for D RSSI will increase the measurement accuracy.
During the email discussion [77-10], possible OFDM symbols for D RSSI were listed. It was suggested that if some symbols such as {5, 6, 12, 13} are prohibited to be used for DRS, then those symbols can be used for D RSSI. In this way, the measurement accuracy for D RSSI can be increased, and the reduced DRS reuse factor by not using some symbols for DRS may be compensated by increasing the duration of DRS occasion. Those symbol indices depend on CP lengths and frame structures, as mentioned in the email reflector.

Another approach includes that the network configures both or either one of which OFDM symbols for DRS and/or which OFDM symbols for D RSSI in the DRS occasion. Instead of excluding symbol indices for DRS, the network can semi-statically change symbol indices for D RSSI measurements. The network can also optimize the duration for DRS occasion to minimize the inter-cell interference level.

Proposal 2: At least OFDM symbols for D RSSI in the DRS occasion are configured in the DMTC.

2.2 D RSRQ definition

When UE performs inter-frequency discovery, the D RSRQ should be used instead of D RSRP because the interference condition is captured in D RSRQ. The D RSRQ is a function of D RSRP and D RSSI. For example, if CSI RS is configured for DRS, then D RSRQ (or CSI RSRQ) is a function of CSI RSRP and D RSSI. If CRS is configured for DRS, then D RSRQ (or C RSRQ) is a function of C RSRP and D RSSI.

To determine the definition of D RSRQ, some proposals are discussed in the RAN1 #77 meeting and the email discussion [77-10]. One of proposals in [1] is to define (D RSRQ 1) = (N * D RSRP) / (N * D RSRP + D RSSI). The denominator captures the energy from DRS, and this prevents the divergent behaviour if the considered D RSSI becomes negligible. The regularization term, which is (N * D RSRP) in the denominator, is added to avoid unwanted clipping. This definition is shown to behave similarly as Rel-8 RSRQ with respect to the SINR [2]. 
However, it is also mentioned during the email discussion [77-10] that a scaling factor for (D RSRP) can be introduced because the (N * D RSRP) term in the denominator may be interpreted as the network is always active and fully loaded. Given that the D RSRQ is the link quality after the UE is associated to the link, the (N * D RSRP) should be scaled down when the network is partially loaded. Following this reasoning, we could define (D RSRQ 2) = (N * D RSRP) / (a * N * D RSRP + D RSSI), where a is denoted as the scaling factor (0 < a ≤ 1), and is a function of the traffic load or resource utilizations. If the cell is fully loaded, then a is 1 and otherwise a is less than 1. The denominator of (D RSRQ 2) captures the hypothetical received signal strength when the UE will experience if the UE is associated to the link, as Rel-8 RSRQ does. 
If we use this definition, we should decide whether the scaling factor is fixed or configurable by the network. If the scaling factor is fixed, then the traffic load is interpreted as constant, which is not true. If the scaling factor is configured by higher layer i.e., the DMTC, then it means that the traffic load is assumed semi-statically changed. In this case, the scaling factor may not respond to the dynamic nature of traffic variations. Besides, the value for scaling factor is still arguable according to the email discussion [77-10].

Proposed definitions such as (D RSRQ 1) and (D RSRQ 2) consider the comparison with the Rel-8 RSRQ. Even though the detailed comparison will be a RAN2 scope, we might discuss scenarios where RRM comparisons are significant. We can consider the coexistence scenario of Rel-12 on/off-capable cells and Rel-11 always-active cells in the same frequency layer. If sparse or moderate density of Rel-12 cells in coexistence scenario is considered, then the UE may report the Rel-8 RRM only because the network will configure CRS for DRS to Rel-12 cells. We do not see performance benefits for sparse or moderate number of Rel-12 cells to use CSI RS for DRS in this scenario. On the other extreme, if the dense deployment of Rel-12 cells in coexistence scenario is considered, then the UE can find many other Rel-12 cells in the small cell cluster, and it suffice to be configured by D RRM only. For the coexistence scenario in different frequency layer, the network can configure different DMTC. For the homogeneous scenario where either Rel-11 cells or Rel-12 cells are deployed, the UE can report either Rel-8 RRM or D RRM.
Observation: The comparison between Rel-8 RRM and D RRM may not cause significant performance degradation.
Instead of introducing the scaling factor which may not accurately represent the link quality, we may not use the scaling factor at all, i.e., a=0. This definition is (D RSRQ 3) = (D RSRP) / (D RSSI) and is same to Rel-8 RSRQ definition. The possible clipping that was mentioned in the email discussion [77-10] seems not a big problem because the highest representable value means that the link quality is good. Again, if UE reports the highest value (or out-of-range) to the serving cell, then the network needs not distinguish whether (D RSRP) is very large or (D RSSI) is very small. Furthermore, when (D RSRQ 2) is used, we can transform the equation into: a / (D RSRQ 2) = 1 + (D RSSI) / (N * D RSRP). Therefore, instead of reporting (D RSRQ 2), if the UE reports the ratio (D RSRQ 3) = (N * D RSRP) / (D RSSI) to the serving cell, then the network can calculate (D RSRQ 2) easily without the indication for the scaling factor. The network can also plug into the valid scaling factor. In this sense, it is more general that (D RSRQ 3) definition for UE to report because any candidate proposed so far is the function of (D RSRQ 3).

Proposal 3: The UE reports (N * D RSRP) / (D RSSI) for Rel-12 D RSRQ.
3 Conclusion

In this contribution, the D RSSI and the D RSRQ are discussed. We make the following proposals:

· Proposal 1: The D RSSI should be based on PDSCH REs, not on DRS REs.

· Proposal 2: At least OFDM symbols for D RSSI in the DRS occasion are configured in the DMTC.

· Proposal 3: The UE reports (N * D RSRP) / (D RSSI) for Rel-12 D RSRQ.
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