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1. Introduction
In the email discussion [1], the following proposal was agreed.
	Proposal 1: A single RSSI definition is introduced in Rel-12 for DRS-based RSRQ

· Discovery RSSI (DRSSI) measurement is used by the UE to derive at least CRS-based RSRQ
· FFS in which subframes and OFDM symbols DRSSI is measured
· FFS how to define RSRQ based on DRSSI
· FFS support of inter-frequency measurements for CSI-RS in the DRS
· FFS support of CSI-RSRQ


Furthermore, the following alternatives for the Discovery RSSI (DRSSI) definition for DRS-based RSRQ were discussed in the email discussion [1].
	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 provide our view on the DRSSI definition alternatives for DRS-based RSRQ.
2. Discovery RSSI definition
2.1. Association of small cell layer
One of the motivations for specifying small cell on/off is to reduce CRS interference. This can be done by keeping ON the cells that are necessary to communicate with the UEs and turning OFF all the other cells. In other words, the ON/OFF state of a cell can be discriminated based on the amount of traffic of that cell. Some cells experience heavy traffic, being able of utilizing the resources efficiently, while other cells have little or no traffic. The cells with heavy traffic always transmit PDSCH in an ON state in order to cope with it. On the other hand, the cells with little or no traffic should transition to an OFF state, stopping transmission of CRS as well as PDSCH, which is not needed in these cells. For example, in a low system load scenario, only a few ON cells have traffic and transmit CRS, while all other cells are in the OFF state with no traffic and no CRS transmission.
Proposal 1: The following should be assumed as a typical association of the small cell layer:
· Cells with potentially high utilization rate of PDSCH (heavy traffic) remain in the ON state, transmitting PDSCH and CRS.
· Cells with potentially low utilization rate of PDSCH (little or no traffic) transition to the OFF state and stop transmitting PDSCH and CRS.
As the CRS-based RSRQ can be only measured in ON cells, DRS-based RSRQ is needed by the network in order to determine suitable cell association. Given that the DRS is transmitted with a long period, the cell association should be based on the assumption that the measured cell’s PDSCH is transmitted in the ordinary subframes in which the neighbour cells do not transmit DRS.
Proposal 2: DRS-based RSRQ is reported so that eNB can estimate UE’s SINR in subframes in which the neighbor cells do not transmit DRS.
2.2. Comparison of the alternatives
2.2.1. Analysis of the alternatives
In this section we analyze each of the alternatives which were discussed in the email discussion [1].
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
A measured DRSSI defined by alt. 1 includes the received power from neighbour ON cells, without including any received power from OFF cells. More specifically, OFF cells transmit neither PDSCH nor CRS, and transmit DRS with long periodicity. The received power changes with the relative position of the UE and the cell as well as with the presence or absence of DRS. If the DRSSI measurement is performed over resource elements including DRS signals from OFF cells the measured power is bound to suffer from over-estimation. However, under alt. 1, the received power of the DRS is not included in the DRSSI, and therefore the DRSSI is not destabilized by it. As a result, the DRSSI calculated through alt. 1 reflects the interference measurement in most subframes (subframes in which DRS is not transmitted) accurately. With the RSRQ calculated from the DRSSI defined by alt. 1 the eNB can estimate the SINR experimented by the PDSCH region of most subframes.
Additional implementation of the alt. 1 procedure is needed, since the current RSSI is measured on OFDM symbols containing CRS port 0 in normal subframes. However, that is not an issue, since the difference of measurement procedure between the current RSSI and the DRSSI of alt. 1 lies just in the measured OFDM symbols.
Alt. 2: Discovery RSSI (DRSSI) is measured outside DRS occasions on OFDM symbols that contain CRS port 0
As with alt. 1, a measured DRSSI defined by alt. 2 includes the received power from neighbour ON cells and doesn’t include the received power from OFF cells. Therefore, the DRSSI calculated through alt. 2 also reflects the interference measurement in most subframes accurately. Similar to alt. 1, the DRSSI does not include received power of the DRS, which changes depending on the relative position of the UE and the interfering cell. Therefore, the eNB can estimate the SINR experimented by the PDSCH region of most subframes with the DRSSI defined by alt. 2.
For inter-frequency measurement with a measurement gap, the number of available OFDM symbols for averaging of RSSI may not be enough. The case in which 5 subframes are configured for a DRS occasion within a measurement gap of 6 ms will happen, and in that case there would be only 1 remaining subframe for the RSSI measurement. Considering that it is necessary to perform re-tuning and AGC settling, the number of available OFDM symbols for the RSSI measurement may not be enough (for example, 3 OFDM symbols would be required for the RSSI measurement if we assume that it takes 2~3 OFDM symbols for re-tuning and AGC settling). However, this concern can be resolved if the definition of alt. 2 is modified so that the RSSI is measured on all OFDM symbols outside DRS occasions, regardless of whether they contain CRS or not. The modified alt. 2 becomes a good candidate if that modification is allowed.
Alt. 3: Measure and average RSSI over all OFDM symbols in a subframe
The definition of alt. 3 is the same as the current RSSI for ABS. There is less implementation complexity, because the procedure of the current RSSI measurement can be reused.
On the other hand, the measured DRSSI includes the received power on OFDM symbols containing DRS (PSS/SSS/CRS/NZP CSI-RS as DRS) from OFF cells, while in reality the OFF cells do not interfere with the PDSCH transmission of the measured cell. Therefore, the received power on those OFDM symbols is over-estimated compared to the actual interference component in the PDSCH region. If the distance between the measuring UE and an OFF cell is particularly close the over-estimation tends to be large, while the effect is barely noticeable when few or no OFF cells are in the vicinity of the measuring UE. Therefore it is problematic that the network cannot know how much it is over-estimated.
Alt. 4: Measure and average RSSI over OFDM symbols containing CRS port 0
The definition of DRSSI measurement alt. 4 is the same as the current RSSI for normal subframes. There is less implementation complexity, because the procedure of the current RSSI measurement can be reused.

On the other hand, with regard to the received power, alt. 4 is the same as alt. 3 except for the impact caused by CSI-RS as DRS. Over-estimation issues caused by PSS/SSS/CRS as DRS still exist. For that reason, similar to alt. 3, the measured RSRQ suffers from over-estimation, making it very difficult for the eNB to estimate the underlying SINR.
Table 1 summarizes the above analysis of the alternatives.
Table 1. Analysis of the alternatives.
	
	Pros
	Cons

	Alt 1
	· The eNB can accurately estimate the SINR in the PDSCH region from the calculated RSRQ.
	· Implementation of new procedure for DRSSI measurement is needed.

	Alt 2
	· The eNB can accurately estimate the SINR in the PDSCH region from the calculated RSRQ.
	· There are few OFDM symbols for averaging of measurements.

	Alt 3
	· The current RSSI measurement for ABS can be reused.
	· The eNB cannot accurately estimate the SINR in the PDSCH region from the calculated RSRQ.

	Alt 4
	· The current RSSI measurement for normal subframes can be reused.
	· The eNB cannot accurately estimate the SINR in the PDSCH region from the calculated RSRQ.


2.2.2. Comparison of the alternatives
From the perspective of interference estimation by the DRSSI, we compare the alternatives in two load scenarios in which DRS-based RRM measurement is applied.
Low load case

In a low load scenario, many cells stay in the OFF state in order not to interfere neighbour cells with their CRS. In that case, the measured DRSSI includes the received power from OFF cells if the DRSSI is measured on OFDM symbols containing DRS. The received power also varies greatly depending on the relative position of the UE and the OFF state cell. As a result, in most subframes, the received power measured by this DRSSI is higher than the actual received power of PDSCH that can be expected in real situations, and suffers from great variation. On the other hand, measuring DRSSI on OFDM symbols not including DRS avoids these issues and provides a stable RSRQ value. Therefore, alt. 1 and alt. 2, under which the RSSI is measured on OFDM symbols not containing DRS, are preferable in that situation.
Observation 1: In the low load case, the RSRQ calculated with the RSSI of alt. 1 and alt. 2 gives a much better estimation of the SINR of the PDSCH region than those of alt. 3 and alt. 4. 
High load case
In a high load case, many cells in an ON state transmit PDSCH, and a few cells stay in an OFF state. Given that most cells transmit CRS and PDSCH, the overall interference level included in each alternative's DRSSI is similar, since every RE is used for the transmission of any one of channels/signals in all cases (e.g. PDSCH, CRS, CSI-RS and DRS). Therefore, for each alternative, DRSSI estimation is more stable compared to the low load case. However, alt. 3 and alt. 4 still present a slight over-estimation due to the DRS received power from the OFF cells. Therefore, the RSSI of alt. 1 and alt. 2 gives a slightly better estimation than those of alt. 3 and alt. 4.
Observation 2: In the high load case, the RSRQ calculated with the RSSI of alt. 1 and alt. 2 also gives a slightly better estimation of the SINR of the PDSCH region than those of alt. 3 and alt. 4.
Based on the above observations, and considering that we strive for a single DRSSI definition as agreed in the mail discussion [1], alt. 3 and alt. 4 should be ruled out as candidates of the definition of the DRSSI used for DRS-based RSRQ calculation, because the impact of over-estimation caused by including the received power from OFF cells is not negligible. From the perspective of interference estimation, DRSSI used for DRS-based RSRQ calculation should be measured on OFDM symbols not containing DRS, or in subframes outside a DRS occasion.
Comparison between alt. 1 and alt. 2
Finally, we try to compare alt. 1 and alt. 2. In alt. 2, depending on the requirements of re-tuning and AGC settling in a measurement gap, the number of OFDM symbols on which the RSSI is measured may be not enough. In conclusion, we consider that alt. 1 is the best candidate for the DRSSI used for DRS-based RSRQ calculation. Note that we consider that alt. 2 also gives good performance if alt. 2 is modified to ensure enough OFDM symbols for proper RSSI measurement.
Proposal 3: The following DRSSI definition for DRS-based RSRQ should be agreed.
· 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.
3. Remaining details of RSSI and RSRQ design
In this section, we provide our views on the FFS part of alternative 1 as recorded in the summary of the email discussion [1]. In particular, we provide our views about which OFDM symbols are measured and about an equation for DRS-based RSRQ calculation.
Available OFDM symbols for measurement
The location of PSS/SSS/CRS/CSI-RS constituting DRS changes on the basis of the frame structure type and the CP length. Hence, the OFDM symbols used for RRM measurement also depend on them. More specifically, OFDM symbols #1, #2, #3 and #8 can be used for FDD and normal CP while OFDM symbols #1, #3 and #8 are available in a case of TDD and normal CP. For extended CP, OFDM symbols #1, #2, #7 and #8 can be used for FDD while OFDM symbols #1, #4, #5 and #10 are available for TDD.
To increase the number of available OFDM symbols for RRM measurement leads to inflexibility of RE configuration for CSI-RS in DRS, since OFDM symbols supplementarily reserved for RRM measurement are no longer used for CSI-RS transmission. For instance, for FDD and normal CP, CSI-RS cannot be mapped on OFDM symbol #12 and #13 if the additional 2 OFDM symbols are reserved for RRM measurement. Such restriction of CSI-RS RE configuration should not be adopted, since the reuse factor significantly degrades.
Proposal 4: The restriction of CSI-RS RE configuration should not be adopted.
RSRQ equation

The value of the current RSRQ is quantized within the range [-19.5 dB, -3 dB] with 0.5 dB for measurement report. However, if the current RSRQ equation is applied for DRS-based measurement, the quantized RSRQ value frequently exceeds this range, especially when SINR is very high. To relax the impact of the dynamic range for the DRS-based RSRQ, a new equation for the DRS-based RSRQ calculation should be introduced. An appropriate RSRQ equation for this case is “N*RSRP/(N*RSRP+DRSSI)”.
Although DRS-based RSRQ values may be further adjusted if the comparison between legacy CRS-based RSRQ and new DRS-based RSRQ is needed, it is possible to adjust the RSRQ value by the network a posteriori after the RSRQ is reported to the eNB. The UE doesn't need to adjust the RSRQ using any particular scaling factor before reporting it.
Proposal 5: A new equation should be introduced for DRS-based RSRQ calculation.
· RSRQ=N*RSRP/(N*RSRP+DRSSI) is an appropriate candidate.
4. Conclusion

Proposal 1: The following should be assumed as a typical association of the small cell layer:
· Cells with potentially high utilization rate of PDSCH (heavy traffic) remain in the ON state, transmitting PDSCH and CRS.
· Cells with potentially low utilization rate of PDSCH (little or no traffic) transition to the OFF state and stop transmitting PDSCH and CRS.
Proposal 2: DRS-based RSRQ is reported so that eNB can estimate UE’s SINR in subframes in which the neighbor cells do not transmit DRS.
Observation 1: In the low load case, the RSRQ calculated with the RSSI of alt. 1 and alt. 2 gives a much better estimation of the SINR of the PDSCH region than those of alt. 3 and alt. 4.

Observation 2: In the high load case, the RSRQ calculated with the RSSI of alt. 1 and alt. 2 also gives a slightly better estimation of the SINR of the PDSCH region than those of alt. 3 and alt. 4.

Proposal 3: The following DRSSI definition for DRS-based RSRQ should be agreed.

· 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.
Proposal 4: The restriction of CSI-RS RE configuration should not be adopted.
Proposal 5: A new equation should be introduced for DRS-based RSRQ calculation.
· RSRQ=N*RSRP/(N*RSRP+DRSSI) is an appropriate candidate.
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