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1
Introduction

Currently, there has been ongoing discussion in RAN1 on “Definition of RSSI measurement with on/off operation of small cells”. In this paper we also provided the analysis from RAN4 perspective to address the issues related to current RSSI measurement and RSSI measurement options for the frequency layer(s) with cells transmitting discovery reference signal (DRS) during the cell DTX period. 
2
Discussion
The UEs connected to the macro layer need to perform inter-frequency measurements and report accordingly in order for the macro to be able to initiate HO to a small cell. It is implicit from the measurement related agreements and working assumptions that discovery bursts of cells to be measured are aligned within the times when UE measures the small cell layer.
To trigger inter-frequency handover between the macro cell layer and the DTX-capable small cell layer(s) for offloading purposes, the measurement quantity RSRQ is typically used for evaluation of the event. The current definitions for RSRP and RSRQ in [1] are captured as below:
	RSRP: 

Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.

RSRQ: 

Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.


In other words, RSRQi for cell i can be expressed as:

RSRQi = N*RSRPRS,i / RSSI
where, two types of RSSI have been defined:  

· Type 1 RSSI: RSSI is observed over the OFDM symbols containing the reference symbols 

· Type 2 RSSI: RSSI is observed over all OFDM symbols in the indicated subframes.

Moreover, type 2 RSSI has been extended to the inter-frequency and idle mode cases based on the indication of network signalling in Rel-12. It is up to network signalling to indicate which one is used for RSRQ calculation. The Type 1 RSSI overestimates interference in the network when load is low as it measures interference only from symbols containing CRS. The type 2 RSSI definition may help to mitigate the overestimation if the cells are synchronous enough. However, as the small cell measurements are performed during the measurement gaps, in which the discovery bursts from possibly synchronous cells are present, further study could be conducted whether the quality of the measurement can be improved when the ratio of OFF cells to ON cells is high. 
If the RSSI measurements are conducted with the existing definitions, the OFF cells are measured as if those would be causing CRS interference to the frequency layer similarly as an empty ON cell. However, out of the discovery burst duration, the OFF cells do not transmit any RS (or data). Thus, the current RSRQ (or RSSI) measured only during the measurement gap corresponding to DRS activated period may capture excessive CRS (or equivalent DRS) contributions from OFF cells, which can cause a pessimistic estimation on the load of the frequency layer. Accordingly, it may either trigger the undesirable inter-frequency handover or make the UE to miss the opportunity for offloading. In particular, it is more problematic in case of lightly loaded small cell layer having more OFF cells in the network. 
Observation 1: Current RSSI definitions can cause a pessimistic estimation on the load of the frequency layer having many cells in OFF state.

One way to measure the DTX layer in such way that the existence of discovery signal does not contribute to the measured RSSI is to look into symbols not containing the PSS/SSS/CRS (or any discovery signal). An example is depicted in Figure 1.
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Figure 1. RSSI measurement occasions
A modification mitigating the overestimation of the RSSI is to define new RSSI interference measurement (RSSI-IM) resources. As shown in Figure 1 the RSRPRS,i would still be measured as in the current system. However, the RSSIIM estimate would be based on RSSI-IM resources and could still be calculated as linear average of total received power. In this case, the RSSI-IM would not contain any PSS, SSS, CRS or DRS symbols. Option 1 to calculate RSRQ is:
RSRQ’i_Op1 = N*RSRPRS,i / RSSIIM 
By this way, the OFF cells would not contribute to the measurement. Only if data is transmitted and the cell is in ON state, the contribution of data symbols would increase the RSSIIM value. Assuming that the small cells are synchronous within a CP, the RSSI-IM resources can be configured in the same subframe as the RSRP measurement resources. For the asynchronous cases, the RSSI-IM resources could be allocated into different subframe than the RSRP measurement resources. It should be noted that this would indicate longer measurement window duration in the measurement gap pattern.
As can be noted, Option 1 might give slightly optimistic RSRQ of the DTX layer as the interference due to discovery bursts is not taken into account. Option 2 is to slightly modify the calculation to include the discovery interference:
RSRQ’i_Op2 = N*RSRPRS,i / (RSSIIM + α(RSSIRS -RSSIIM)),
where RSSIRS would equal to RSSI measured similarly as current Type 1 RSSI but from the locations of DRS symbols, and the α equals to a scaling factor between RS densities during ON and OFF states in order to align the measurement results. 
Observation 2: With a relatively simple change in the RSSI definition, the DTX layer can be measured more accurately than with current definition.
Although Option 2 is more complicated than Option 1, it is still not exactly a correct measure of RSRQ. It would be good it the RSRQ value would take into account the RSRQ level after activating that OFF cell. Thus, when RSRQ is calculated for an OFF cell, the RSSI should actually include that cell as an ON cell sending only legacy RS. However, that would implicate that RSSI should be modified per OFF cell at the UE, which will require the signalling support to indicate the On/Off status of the target cell. Thus, it could be considered as a too complicated option.  
Observation 3: Calculating RSSI per OFF is considered as too complicated option even that it might give more accurate RSRQ calculation than Option 1 or Option 2.   
Proposal 1: The normalized DRS interference could be included in RSSI calculation to reflect the accurate cell load.

Proposal 2: RSSI calculation should be agnostic to the cell On/Off status.

As RSRQ reports are used at the network by comparing the values, the absolute accuracy of one type of measurement is not as relevant as those being comparable. Thus, it should be further studied which kind of RSRQ report offers best indications for the layer selection. Discussion so far in this paper has assumed that the discovery signal is comparable to legacy CRS. If this is not the case, the RSRQ calculation and the RSRQ reports of different layers being comparable is even bigger problem.

Observation 4: RSRQ measured over different RS signals (CRS or CSI-RS) configured in different frequency layers will be problematic for fair comparison to trigger the report properly.
Proposal 3: Inter-frequency Measurements for mobility is only based on CRS. 
3 
Conclusions

In this contribution we have discussed aspects impacting the RSRQ measurement and the different RSRQ calculation options. The currently used RSSI calculation overestimates the RSSI in cases where lot of small cells are in OFF state. A modified RSRQ calculation method is discussed where the impact of DRS signals is mitigated by defining RSSI interference measurement (RSSI-IM) resource and utilizing it to calculate improved RSRQ measurement. Our observations are as follows:
Observation 1: Current RSSI definitions can cause a pessimistic estimation on the load of the frequency layer having many cells in OFF state.

Observation 2: With a relatively simple change in the RSSI definition, the DTX layer can be measured more accurately than with current definition.
Observation 3: Calculating RSSI per OFF is considered as too complicated option even that it might give more accurate RSRQ calculation than Option 1 or Option 2.   
Observation 4: RSRQ measured over different RS signals (CRS or CSI-RS) configured in different frequency layers will be problematic for fair comparison to trigger the report properly.

And the proposals are given as such: 

Proposal 1: The normalized DRS interference could be included in RSSI calculation to reflect the accurate cell load.

Proposal 2: RSSI calculation should be agnostic to the cell On/Off status.

Proposal 3: Inter-frequency Measurements for mobility is only based on CRS. 
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