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1 Introduction
In RAN1 #77 meeting, it was agreed that the UE assumes PSS/SSS/CRS in the DRS. Additionally CSI-RS is assumed in the DRS for measurement if configured by higher layers [1]. How to operate RSRQ/RSRQ-like measurement based on DRS was widely discussed after RAN1 #77 meeting. According to the mail discussion thread [77-10], four alternatives for discovery RSSI (DRSSI) were concluded. In this contribution, DRSRQ (discovery RSRQ) measurement based on these four alternative DRSSI definitions is evaluated and compared for ON cells and OFF cells.
2 Candidate definitions

In this contribution, the four alternative definitions from thread [77-10] are compared, based on quantitative analyses with the following assumptions:
· All intra-frequency small cells, regardless of ON or OFF, are synchronized with each other;

· DRS comprising PSS/SSS/CRS (without CSI-RS) is considered

· ON cells carry CRS and data, OFF cells only transmit CRS in the observation subframes;

· Each ON cell could have different RU (Resource Utilisation) considering possible traffic imbalance among small cells.
· Interference from PSS/SSS is not considered

Regarding to the optional part of DRS, the possible presence of discovery CSI-RS is not taken into account in this contribution. Although some pending features of the discovery CSI-RS transmission will impact the simulation results, the detail are not yet clear. For example, which OFDM symbols are able to contain discovery CSI-RS and whether each discovery CSI-RS pattern should be completely or partially avoided by other small cells within one small cell cluster? Besides, as agreed in RAN1, CSI-RS is the optional part of DRS, so cases without CSI-RS may be more common.
With the assumptions, four alternative RSRQ expressions are shown below.
· Alt1: 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. Alt1 may require a new equation of RSRQ with a scaling factor in the denominator. Although this scaling factor is still FFS, it is assumed to be the number for RBs of the measurement bandwidth in following simulations and discussions as recommended in [2]. The corresponding RSRQ without any measurement error could be expressed by
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· Alt2: DRSSI is measured outside DRS occasions on OFDM symbols that contain CRS port 0. The corresponding RSRQ without any measurement error could be expressed by
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· Alt3: Measure and average RSSI over all OFDM symbols in a subframe. The corresponding RSRQ without any measurement error could be expressed by
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· Alt4: 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. The corresponding RSRQ without any measurement error could be expressed by
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, where
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It should be noted that the expression of Alt3 shown above is with the assumption that the CRS ports for ON cells is not more than 2. If the CRS ports are more than 2, the energy of REs corresponding to CRS port 3 and port 4 should be taken into account in the denominator and some minor amendments would be necessary.
3 Comparison of DRSRQ candidates for ON cells

3.1 Criterion

As indicated in [3], at low traffic load it is unlikely to be necessary to turn ON more than one OFF cell in a cluster at the same time, irrespective of the reason for triggering the turning ON of the OFF cell. Therefore, it would make sense to prevent RSSI calculation from involving interference from OFF cells whenever this RSSI is calculated (for both ON and OFF cells). RSRQ is usually utilized as a metric to compare inter-frequency cells, e.g. inter-frequency small cells or inter-frequency macro cells and small cells. On account of higher traffic loading, measurement based on DRS may not be very popular with macro cells as it could be with small cells when Rel-12 small cells are widely deployed. From this point of view, the comparability between legacy RSRQ (e.g. on macro cells) and DRSRQ (e.g. on small cells) will be very important to support reliable and smooth inter-frequency handover of UEs.
Observation 1:
· RSSI calculation should be prevented from involving interference from OFF cells whenever this RSSI is calculated (for both ON and OFF cells).
· The comparability between legacy RSRQ and DRSRQ would be a key criterion for evaluation.

For ON small cells, the comparability between legacy RSRQ and DRSRQ could be determined by measuring the difference between legacy RSRQ and DRSRQ. Namely, the smaller absolute value of difference between legacy RSRQ and DRSRQ, the better the comparability between them. It seems reasonable to reuse the existing RSRQ measurement accuracy requirement to evaluate the comparability between legacy RSRQ and DRSRQ candidates. Given in [5], the accuracy of inter-/intra-frequency RSRQ should be within +/-2.5dB or +/-3.5dB with the condition that the SINR is equal to or better than -3dB or -6dB, respectively. Considering it has already been agreed in RAN4 to support a new RSRQ definition intended for eICIC (but not limited to that case) [6], both the Rel-8 RSRQ and the new RSRQ should be taken into account as references. Note that these reference cases assume no contribution from OFF cells.
· Reference 1 for ON Cells (Rel-8 RSRQ definition): 


[image: image10.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

+

=

å

å

=

=

Noise

N

n

n

ON

n

ON

Sym

DataRE

N

n

ON

n

ON

Sym

CRSRE

Mea

RB

Mea

RB

Ref1

E

RU

RSRP

N

RSRP

N

N

RSRP

N

RSRQ

ON

cells

ON

cells

12

1

/

1

/

, and

· Reference 2 for ON Cells (new RSRQ definition):
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Note that the expression of the reference 2 is obtained with the assumption that the number of CRS ports is not more than 2.

Observation 2:
· The existing accuracy requirements of RSRQ measurement could be reused to evaluate the comparability between legacy RSRQ definitions and new DRSRQ candidates.

3.2 Simulation assumptions
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Figure 1 Simulation scenario

In consideration that RSRQ is usually used in the comparison among inter-frequency small cells, three cell layers are assumed, one macro cell layer on the frequency F0 and, as an example, two small cell layers on the frequencies F1 and F2 respectively. As shown in Figure 1, each small cell has two co-located carriers. A UE is regarded as an observation point. This UE is served by a macro cell and is measuring the small cells.

To simplify the simulation, we assumed that there is only one observing UE per trial. We assume that this UE can see ten small cells per small cell layer, with the RSRP for each cell fixed at an average value, to represent typical conditions. These average RSRP values are obtained by averaging the RSRP values of the ten strongest small cells over all the UEs in a full system simulation. These UEs are dropped following the simulation assumptions in TR 36.872. More details of the simulation assumptions by which the average RSRPs are calculated are given in Table A1. The result for the average RSRPs of the ten strongest small cells per UE per small cell layer are listed in Table A2. 
Other assumptions for the simplified simulation are as follows:
· The proportion of OFF cells per small cell layer is fixed per trial;

· Cells are randomly and uniformly turned off per small cell layer before a trial;

· Each ON cell’s RU is dependently and randomly selected from the set {0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0} according to a uniform distribution;

· Only the cells with the SINR equal to or larger than -6dB are taken into account in simulation results, where only ON cells are considered as interference in SINR calculation;

· ON cells transmit CRS on port 0 and port 1, while OFF cells transmit CRS on port0 as part of the DRS;

· The measurement bandwidth is assumed to be 5MHz (but using the current model the results are independent of bandwidth);

· 104 trials are operated per simulation case.
The DRSRQ for each ON cell meeting the SINR criterion is ideally computed using the expressions for the definitions Alt1, Alt2, Alt 3 and Alt 4. The RSRQ is computed according to Reference 1 and Reference 2 and the difference (i.e. DRSRQ – RSRQ) is obtained for each case.

3.3 Difference distribution of ON cells

Figure 2, Figure 3 and Figure 4 show the difference distribution of ON cells with the cell OFF rates, 0%, 50% and 90% respectively. With respect to the reference 1, the Rel-8 RSRQ, Alt2 is always exactly same as the reference 1 due to no impact of OFF cells on the DRSRQ calculation for ON cells. Besides Alt2, none of Alt1, Alt3 and Alt 4 is able to meet the existing accuracy requirements. Considering the eICIC RSRQ as reference 2, it is obvious that Alt1 has the best comparability with the reference 2. No matter which reference is taken, the difference for Alt3 and Alt4 increases with the proportion of OFF cells. Especially, when the proportion of OFF cells reaches 90%, the absolute value of their difference could be larger than 10dB with a probability of about 50%. Such differences seem unacceptable.

Observation 3: 

· Alt2 is always exactly same as the reference 1 (the Rel-8 RSRQ), while Alt1 is more comparable with the reference 2 (new RSRQ) than other alternatives.

· The comparability of Alt3 and Alt4 may be unacceptable with high cell OFF rate.
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(b)

	Figure 2 Difference distribution of ON cells (0% OFF cells)
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(b)

	Figure 3 Difference distribution of ON cells (50% OFF cells)
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(b)

	Figure 4 Difference distribution of ON cells (90% OFF cells)


4 Comparison of DRSRQ candidates for OFF cells

How to measure the comparability of DRSRQ for OFF cells may not be as clear as for the ON cell case, because RSRQ of OFF cells requires a new definition without any precedent. Instead, it may be more rational and feasible to aim to guarantee the fairness of the comparison of DRSRQ between ON cells and OFF cells, and also between OFF cells.
Legacy RSSI includes the energy of the measured cell, the interference from co-channel serving and non-serving cells and adjacent channel, and thermal noise [4],
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where the coefficient 
[image: image20.wmf]a

 is nearly proportional to the RU of the cell. An OFF cell has no traffic. Therefore when an OFF cell is measured, its RU will be zero. If substituting zero-RU into the legacy RSSI expression, the item 
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 could be almost missing and the RSRQ of OFF cells would be always overestimated in this way. This is unfair to ON cells and may lead to improperly turning on OFF cells. Instead of reflecting the current situation of the OFF cell, DRSRQ would be better intended to predict the OFF cell’s situation after it is turned on [3]. Hence, the energy of the OFF cell to be measured should be included into the denominator of DRSRQ, e. g., 
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Taking the item 
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 into account could be done by approximate adjustment, e.g. using Alt3 and Alt4, or by careful design, e.g. using Alt1. Whichever method is utilized, the coefficient 
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 of all OFF cells should be similar with each other to guarantee the RSRQ comparison fairness between OFF cells. From this point of view, Alt1 would be better than Alt3 and Alt4, because only the energy in the OFF cell to be measured is included into the denominator of RSRQ and the coefficient 
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 is constant. In contrast, in the denominator of Alt3 and Alt4, the items related to OFF cells are mainly dependent on the OFF cells with large RSRP. This would be unfair to those OFF cells with small RSRP. Regarding Alt2, it would be the worst in terms of fairness due to its assumption of zero-RU for OFF cells.
Another helpful kind of comparability may be between ON cells with zero-RU and OFF cells when they enjoy the same RSRP and suffer from the same interference and background noise. Amongst the alternatives shown in section 2, Alt1 has the best comparability. Because the DRSSI of Alt1 is calculated on OFDM symbols not containing DRS (at least PSS/SSS/CRS), the DRSSI would not include any signal of the measured cell if the measured cell is in OFF state or in ON state with zero-RU. Hence, by using Alt1 there would be no difference between the DRSRQ of ON cells with zero-RU and OFF cells. In contrast, Alt2 would be the worst among the DRSRQ alternatives. Due to not including any term representing the energy of OFF cells in the denominator of Alt2, the difference of Alt2 could be very large in case the interference approaches zero and only thermal noise exists. According to Atl3 and Alt4, if the number of CRS ports of an ON cell with zero-RU and an OFF cell is same, their DRSRQ would be same as well. In other cases, a difference would always exist. If the SINR is low enough, both Alt3 and Alt4 will have good comparability between ON cells with zero-RU and OFF cells. With increasing of SINR, the difference by using Alt3 and Alt4 will increase. The difference by using Alt3 and Alt4 would have an upper limit which is dependent on the number of CRS ports for ON cells and OFF cells. The exact upper limits are shown in Table 1.
Table 1 Maximum RSRQ Difference between ON cells with zero-RU and OFF cells (dB) for Alt3 and Alt 4
	
	ON CRS ports: 1

OFF CRS ports: 1
	ON CRS ports: 2

OFF CRS ports: 1
	ON CRS ports: 4

OFF CRS ports: 1
	ON CRS ports: 2

OFF CRS ports: 2
	ON CRS ports: 4

OFF CRS ports: 2

	Alt3
	0
	3.01
	4.77
	0
	1.76

	Alt4
	0
	3.01
	3.01
	0
	0


Because of the assumption that the number of CRS ports of ON cells is equal to, or more than, that of OFF cells in the comparison, the DRSRQ of ON cells is same as, or worse than, that of OFF cells. The larger DRSRQ difference between ON cells with zero-RU and OFF cells means that it would happen with higher probability that an ON cell with zero-RU fails to be chosen and, instead, an OFF cell will be turned on. This kind of improper operation could bring about some waste of signalling overhead used for turning an OFF cell on and turning an ON cell off.
Observation 4:
· To guarantee fair comparison between RSRQ for ON cells and OFF cells, the energy of the OFF cell to be measured should be included into the denominator of DRSRQ.
· To guarantee fair comparison between OFF cells, each OFF cell should have similar predicted RU. Alt1 would be the best in this point of view.
· Regarding the DRSRQ comparability between ON cells with zero-RU and OFF cells, there would be no difference by using Alt1.
· Using Alt2 could give rise to unfairness of ON cells in the comparison between ON cells and OFF cells due to its assumption of zero-RU for OFF cells.

5 Conclusions

In this contribution, we discussed the criterion for comparison of DRSRQ candidates. Four alternative DRS-based RSRQs are evaluated and analyzed following the criterion. We have some observations:
Observation 1:

· RSSI calculation should be prevented from involving interference from OFF cells whenever this RSSI is calculated for an ON cell or an OFF cell.

· The comparability between legacy RSRQ and DRSRQ would be the key criterion.

Observation 2:
· The existing accuracy requirements of RSRQ could be reused to evaluate the comparability between legacy RSRQ definitions and new DRSRQ candidates.

Observation 3:

· For ON cells, Alt2 is always exactly same as the reference 1 (the Rel-8 RSRQ), while Alt1 is more comparable with the reference 2 (new RSRQ) than other alternatives.
· The comparability of Alt3 and Alt4 may be unacceptable with high cell OFF rate.

Observation 4:
· To guarantee fair comparison between RSRQ for ON cells and OFF cells, the energy of the OFF cell to be measured should be included into the denominator of DRSRQ.

· To guarantee fair comparison between OFF cells, each OFF cell should have similar predicted RU. Alt1 would be the best in this point of view.

· Regarding the DRSRQ comparability between ON cells with zero-RU and OFF cells, there would be no difference by using Alt1.

· Using Alt2 would give rise to unfairness of ON cells in the comparison between ON cells and OFF cells due to its assumption of zero-RU for OFF cells.

Conclusion:
Based on the above observations, we propose that alternative 1 (i.e. DRSSI is measured from OFDM symbols that cannot contain signals potentially present in a DRS occasion) should be adopted for RSRQ based on CRS. If DRS-based RSRQ is also defined for CSI-RS, the same approach can also be used.  
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Appendix A

Table A1 Simulation assumptions to obtain average RSRP values
	Parameters
	Macro cell
	Small cell

	Layout
	ISD: 500m, 7 Macro sites, with wrap-round
	

	Measurement bandwidth
	5MHz (25 RBs)
	5MHz (25 RBs)

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm

	Distance-dependent path loss
	ITU Uma
	ITU Umi

	Antennas
	--
	2Tx for on cells/1Tx for off cells

	Number of clusters per macro cell geographical
	1

	Number of small cells per cluster
	10

	Number of UEs 
	60 UEs / Macro cell area

	UE dropping
	· 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area.

· 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m

	Radius for UE dropping in a cluster
	70m

	Minimum distances
	· Small cell-small cell: 20m

· Small cell-UE: 5m

· Macro-small cell cluster center: 105m

· Macro-UE : 35m

· cluster center-cluster center: 100m


Table A2 Average RSRP values used in simplified simulation
	Small cells
	RSRP (dB)

	1st
	-50.60

	2nd
	-56.54

	3rd
	-60.65

	4th
	-64.29

	5th
	-67.67

	6th
	-71.04

	7th
	-74.22

	8th
	-77.15

	9th
	-79.80

	10th
	-82.13
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