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1. Introduction
During the email discussions [77-10] after RAN1#77 meeting, the following candidate options for DRS based RSSI measurement resource definitions have been identified:
· 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 

· 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.

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

In this contribution, we discuss the definition of DRS based RSRQ measurements.
2. Discussion
As discussed over email, there are Pros and Cons for each DRS measurement resource definition alternative. Alternative 3 and alternative 4 are supported by the existing specification, but would result in RSRQ under-estimated issue since received power of DRS for cells in OFF state is measured into the RSSI. The RSRQ under-estimation problem could be more severe with the increase of the percentage of OFF cells. 
For alternative 1, the RSRQ under-estimated issue can be avoided by measuring RSSI in OFDM symbols not containing DRS. However, if most or all the small cells are in OFF state, the dynamic range of the RSRQ will be enlarged due to the very small RSSI level is measured. Therefore, it would be hard to compare legacy RSRQ with DRS RSRQ with this alternative. Furthermore, in some scenario, for example, for small cells operating semi-static on/off or for scenario where some of the cells in the cluster cannot be switched off, alternative 1 will result in RSRQ over-estimated issue since the CRS interference of small cells exists while no traffic interference is included in the RSSI measurement. 
Alternative 2 could have the similar RSRQ over-estimated issue as alternative 1. In addition, in some scenarios like TDD eIMTA cells, there could be no additional downlink subframe out of the DRS occasion within the measurement GAP, since the only available subframes {0,1} or {5,6} are included in the DRS occasion. 
The above alternatives for RSSI definitions would result in different DRS RSRQ measurement results, which will affect the inter frequency offloading of UEs to small cells operating ON/OFF. In order to evaluate the effect of different DRS measurement resource definition alternative to the system efficiency, we perform system level simulations.

In the system level simulation, small cell scenario 2a with 4 small cells in one cluster and one cluster under each macro cell area are assumed. A low load traffic arriving rate 2.5 is used for each macro geographic area (including one macro cell and 4 small cells). Ideal small cell on/off is assumed, i.e. the small cell ON/OFF is performed per subframe basis. Alternative 3 is used for macro layer RSRQ measurement and alternative 1/3/4 is used for small cell layer in order to compare the system performance. Alternative 2 is not simulated since it is expected to be similar as alternative 1 under the assumption of ideal small cell on/off. As a comparison, 3/6 dB RSRQ bias are adopted for Alternatives 3/4 to see whether RSRQ complementation can decrease the effect of RSRQ under-estimation. UPT, RU and Ratio of small cells UEs are used as the performance metrics.
Table 1 shows the simulation results. Obvious effect on the UPT and ratio of small cell UEs of different DRS RSSI measurement resource definition is perceived. For example, 88.9% UEs are associated to small cell layer and the average UPT is 40.462Mbps for alternative 1. However, only 64.13% UEs are associated to small cell layer and the average UPT degrades to 31.157Mbps in alternative 4 without RSRQ bias due to the RSRQ under-estimation of small cell layer. As another observation, if proper RSRQ bias is used to compensate the RSRQ under-estimation issue for small cell layer, the UPT performance and ratio of UE associated to small cell layer is significantly increased and similar to alternative 1. 
Observation 1: Obvious effect on the UPT and ratio of small cell UEs of different DRS RSSI measurement resource definition is perceived.

Observation 2: By using RSRQ bias for the small cell layer, the system performance difference for different DRS RSSI measurement resource definition alternative can be reduced or even negligible .

Table 1 Effect of different DRS RSSI measurement resource definition
	
	RSRQ bias
(dB)
	RU
	5% UPT(Mbps)
	50% UPT(Mbps)
	95% UPT(Mbps)
	Average UPT(Mbps)
	Ratio of small cell UEs

	Alt 1
	
	9.64%
	6.656
	41.237
	66.666
	40.462
	88.90%

	Alt 3

	0
	9.82%
	6.006
	34.782
	66.666
	36.633
	72.44%

	
	3
	9.41%
	7.692
	41.237
	66.666
	40.841
	87.34%

	
	6
	8.51%
	7.618
	41.236
	66.666
	40.341
	90.91%

	Alt 4

	0
	11.96%
	3.902
	26.49
	66.665
	31.157
	64.13%

	
	3
	10.66%
	5.128
	28.571
	66.665
	32.889
	65.53%

	
	6
	8.73%
	7.339
	37.382
	66.665
	37.968
	77.09%


The potential system performance difference for DRS RSSI definition alternatives depends on the system traffic load, which can be known by the network. The network can then configure bias to the UE for RSRQ reporting for small cell layer when alternative 3 i.e. the existing RSSI definition is used for DRS RSSI measurement. Note that alternative 1/2 may bring in significant extra specification work while alternative 3 is the supported by the existing specification. Therefore, considering the above Pros and Cons, we propose that alternative 3 (Measure and average RSSI over all OFDM symbols in a subframe) is adopted for the DRS RSSI measurement resource definition. 

Proposal 1: Alternative 3 (Measure and average RSSI over all OFDM symbols in a subframe) is adopted for the DRS RSSI measurement resource definition.
It has been agreed that CRS based DRS measurements are supported, i.e. CRS RSRP and CRS RSRQ, which is similar as legacy measurements. It was also agreed that CSI-RS based RSRP should be supported for TP identification in a shared cell ID scenario with TP level ON/OFF. Further discussion is required for introducing CSI-RS based RSRQ. If the above proposal 1 is adopted, the RSSI definition is common for both CRS based RSRQ and CSI-RS based RSRQ (if introduced). In a companion contribution [1], we identified the benefits to configure CRS based RRM measurement when CSI-RS based RRM measurement is configured. Therefore, in the scenario that shared ID small cell deployed on different frequency with macro cell, the CRS based RSRP and RSRQ measurement will be configured and CSI-RS based RSRP will be additionally used for TP identification. Thus depending on the network implementation, eNB can derive the CSI-RS RSRQ value for any potential use case, for example inter-frequency TP selection, without introducing and reporting CSI-RS RSRQ from UE.
Proposal 2: CSI-RS based RSRQ is not introduced and can be derived by network implementation.
3. Conclusion
In this contribution, we discussed the RSRQ measurements related issues for discovery signal. Regarding different RSSI definitions, we performed system level simulation and following observations were made:
Observation 1: Obvious effect on the UPT and ratio of small cell UEs of different DRS RSSI measurement resource definition is perceived.

Observation 2: By using RSRQ bias for the small cell layer, the effect of different DRS RSSI measurement resource definition becomes less important and even negligible.

According to the simulation results and analysis, we have following two proposals:
Proposal 1: Alternative 3 (Measure and average RSSI over all OFDM symbols in a subframe) is adopted for the DRS RSSI measurement resource definition.
Proposal 2: CSI-RS based RSRQ is not introduced and can be derived by network implementation.
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