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1 Introduction

In RAN1#76bis meeting, design and functions of small cell discovery signal were discussed as follows [1],
Agreements:
· A DRS comprises following signals
· Both PSS and SSS are transmitted

· Additional reference signal(s) include CRS and/or CSI-RS
· FFS: Changing mapping of PSS/SSS, CRS, CSI-RS

Observations:

Possible functions of CRS and CSI-RS are as follows

· When only CRS is present

· Possible functions of CRS: RSRP/RSRQ measurements, carry cell identification information, can carry TP identification information only in case of non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)

· Open issue: TP identification in case of shared cell ID scenario

· When CRS and CSI-RS are present:

· Possible functions of CRS: RSRP/RSRQ measurements, , carry cell identification information, can carry TP identification only in case of non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)

· Possible functions of CSI-RS: RSRP/RSRQ measurements, can carry cell identification information, can carry TP identification information in shared/non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)

· Open issues:

· possible function split
· Note: It means that the same function is not supported by both CRS and CSI-RS for the same UE
· TP identification in case of shared cell ID scenario by CRS

· When only CSI-RS is present

· Possible functions of CSI-RS: RSRP/RSRQ measurements, can carry cell identification information, can carry TP identification information in shared/non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)

· Open issue: 

· whether/how to perform RSRP/RSRQ measurement per cell and per TP simultaneously

· For RSRP/RSRQ measurements, CSI-RS and CRS have different performance
· Note: There is at least one function per RS
In this contribution, we discuss about how to measure RSSI with discovery signal and further issues about DRS based measurement.
2 Definition of RSSI measurement with DRS
For inter-frequency measurement based on DRS, the definition of RSSI needs to be discussed and clarified. Considerable options for RSSI measurement are listed as follows. 

· Option A: RSSI measurement on DRS-transmitting symbols
· Option B: RSSI measurement on the entire OFDM symbols

· Option C: RSSI measurement on the non-DRS-transmitting symbols

Applying the existing definition based on CRS directly to DRS in Option A, the RSSI can be measured only on the DRS transmitting OFDM symbols. In legacy system, it would be assumed that there are 2~3 macro cells in interference relation and these cells have enough data load. So, RSSI measurement on CRS-transmitting symbols would reflect real amount of interference without any problem. However, in small cell environment, it can be assumed that cells are located densely and some cells are in OFF state or have low data load. Therefore, we need to consider a scenario surrounded by many small cells in OFF state or with low data load. In this scenario, even if small cells in OFF state do not have data load, their DRS would make the RSSI measurement to be biased, which results in inaccurate RSRQ measurement. In an extreme situation, the measured RSRQ can have very poor value even though all neighbour cells are in OFF state. In other words, in a dense small cell scenario, the interference from DRS would have significant contribution in RSSI measurement which could be misleading the load conditions of the network. So, this RSSI definition in Option A seems not appropriate, and accurate RSSI measurement according to the amount of data load would be required.
Option B, measuring over the entire OFDM symbols on the DRS detected subframe, would be more appropriate for the RSSI definition based on DRS, in order to properly reflect the interference measured by RSSI. This option would reduce the impact of DRS of small cells in OFF state, so RSSI can be measured more accurately. There was a similar issue about RSSI restricted measurement considering eICIC scenarios, and it was handled by measuring over all OFDM symbols in a subframe for a better measurement. Furthermore, RAN4 [2] agreed to introduce higher layer signaling to enable RSSI measurement over the entire OFDM symbols to reflect better load conditions. Thus, it would be a natural and simple solution to consider for DRS-based RSSI measurement.
RSSI measurement over the non-DRS-transmitting symbols in Option C can be another alternative. It would be able to measure accurate data load, since DRS does not affect to RSSI measurement. Particularly, if the entire OFDM symbol carrying DRS will be muted for data transmission (such as zero-power CSI-RS), there will be no data in DRS-carrying OFDM symbols. However, if only non-DRS-transmitting symbols are used for RSSI measurement, additional issues need to be addressed. For example, the meaning of non-DRS-transmitting symbols needs to be clarified. Non-DRS-transmitting symbols can imply symbols not containing DRS (i.e. DRS includes DRS-PSS/DRS-SSS) or symbols not containing RS for measurement in DRS (i.e. DRS does not include DRS-PSS/DRS-SSS if DRS-PSS/DRS-SSS are not used for RSRP). Also, if DRS symbol location can be different among small cells (such as CSI-RS RE location per configuration index), it needs to be determined whether non-DRS-transmitting symbols means symbols not containing DRS of the target cell only or they should exclude potential OFDM symbols where neighbour cells may transmit DRS. Furthermore, computation of RSRQ may be also affected. For example, if most of the small cells are in the OFF state, the RSSI term can be almost zero since the power of the reference signal would not be included in the denominator. This can lead very unstable RSRQ values in certain cases. Then, new definition of RSRQ would be required, and it would create more specification impact. Thus, unless significant gains are demonstrated with Option C, we consider Option B is sufficient. 
Proposal 1: It would be desirable to measure RSRQ over the entire OFDM symbols.
3 Comparison issue between CRS and DRS based measurement
Depending on measurement configurations, a UE may have to perform legacy CRS-based measurement as well as DRS-based measurement in a certain frequency. Also, DRS-based measurement will be used to determine handover condition and other mobility related functions. Thus, it is desirable that DRS based measurement is comparable to legacy CRS-based measurement. If DRS-CSI-RS is used, there could be some performance difference in RSRQ as the number of ODFM symbols between CRS and CSI-RS is different and also DRS-CSI-RS OFDM symbol may not carry data by rate matching. 

Thus, we evaluate the performance of each option mentioned in previous section compared to legacy CRS-based measurement and show user throughput difference. For the evaluations, we use the following four cases assuming that DRS consists of CSI-RS with ZP-CSI-RS configuration for muting
· Reference: RSSI measurement on CRS symbols (assuming cell on/off is not performed)
· Case 1: RSSI measurement on OFDM symbols carrying DRS only
· Case 2: RSSI measurement on all OFDM symbols 
· Case 3: RSSI measurement on non-DRS OFDM symbols
The results are captured in Table 1 and the simulation assumptions are found in Appendix.

Table 1. User throughput results with different RSSI definitions
	
	Macro UE ratio
	Small cell UE ratio
	UeRxTput
	UeTput(5%)
	UeTput(50%)
	UeTput(95%)

	Reference
	29%
	71%
	22723
	6601
	19900
	48193

	Cell on/off Case 1
	2%
	98%
	20585
	3612
	18433
	42553

	Cell on/off Case 2
	3%
	97%
	21023
	3883
	19139
	42553

	Cell on/off Case 3
	4%
	96%
	21693
	4370
	20000
	43011


In this simulation result, it is notable to see that the small cell UE ratio is extremely large (~98%) with all options compared to reference. This is due to underestimated RSSI in small layer compared to macro layer where RSSI includes also interference from CRS regardless of data traffic. However, the user throughput decreased compared to reference even with cell on/off operation due to too many small cell UEs. So, comparing two RSRQ measurement results based on legacy CRS and DRS equivalently would not be appropriate. If an eNodeB can know RS information of the reported measurement result, the eNodeB can consider this information to decide the serving cell of the UE. Thus implicit or explicit indication of measurement RS type can be beneficial to accurate comparison of measurement results. This may be achieved by separating measurement reports between legacy CRS-based measurement and DRS-based measurement or explicitly indicating which RS the UE has used for its measurement. 
Proposal 2: Measurement RS type for the measurement report need to be known to eNodeB.
4 Conclusion
In this contribution, we discussed about how to measure RSSI using discovery signal and comparison issue between CRS and DRS based measurement. Based on the discussion, some proposals are given as follows.
Proposal 1: It would be desirable to measure RSRQ over the entire OFDM symbols.
Proposal 2: Measurement RS type for the measurement report need to be known to eNodeB.
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6 Appendix

Table 2. SLS parameter assumptions
	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro site
	7

	System bandwidth per carrier
	10 MHz

	Total Small cell TX Power
	30 dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model as baseline.

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	Cell association
	RSRQ + bias with realistic buffer.

	Scheduling
	PF

	Traffic model
	FTP Model 1 as in TR 36.814

	Reference macro RU
	40%

	UE receiver
	MMSE-IRC

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	Off-to-On transition time
	24msec

	On-to-Off transition time
	8msec
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