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1. Introduction

At the RAN1 LAA ad-hoc meeting, RRM measurement and discovery signal design/functionalities were extensively discussed and agreed as below [1].
· Consider RRM enhancements, including RSSI measurement and reports

· FFS: RRM measurement based on a single DRS occasion
· Design targets of LAA DRS includes at least

· LAA DRS should at least support for RRM measurement

· Detection of DRS from a cell based on a single DRS occasion
· Feasibility is for further evaluation

· Transmission burst containing DRS signals should consist of continuous OFDM symbols
· FFS: How to realize contiguous OFDM symbol transmission 
· DRS design should allow DRS transmission on an LAA SCell to be subject to LBT
· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS
· Alt1: DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC

· Alt2: if LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds
· Modifications to Rel-12 DMTC configuration are FFS
· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC

In this contribution, we discuss further on RRM measurement and discovery signal design for LAA. 
2. Discussion on RRM Measurement for Unlicensed Carriers
In this section, issues related to RRM measurement for unlicensed carriers are discussed. We propose some possible solutions for the issues.

Inter-operator PCI collision/confusion 

Due to the lack of coordination between different operators, the same physical cell ID (PCI) may be used by neighbor inter-operator LAA cells on the same unlicensed carrier. For example, as shown in Figure 2-1 (a), an UE may receive the discovery signals containing the same PCI from different operators’ cells. Then, the UE may confuse the discovery signal from its own operator’s cell with that from different operator’s cell. In addition, as shown in Figure 2-1 (b), even when the UE receives discovery signals containing different PCIs, the network may be confused by the measurement reporting from the UE on different operator’s cell. Although these problems can possibly be avoided or relaxed by some sophisticated eNB implementation, e.g., SON-like mechanism, we think these problems should be taken into account for the design of LAA RRM and corresponding discovery signal. The support of CSG cell on unlicensed carrier is also one of potential reasons for solving PCI confusion problem.
The possible solution for these problems is to transmit ECGI (E-UTRAN Cell Global ID) information together with discovery signal on the unlicensed carrier. If the UE can identify ECGI of the transmitting cell from a received burst containing discovery signal, the UE can prepare an accurate measurement report for each cell and can report ECGI together with measurement results for each cell. In addition, if the UE can distinguish intra- and inter-operator discovery signals and reports measurement results for inter-operator cells in addition to those for intra-operator cells, the network can be aware that which UE will suffer from inter-operator interference due to the hidden node problem on the carrier. Such information may be beneficial for appropriate unlicensed SCell selection for the UE.
Proposal 1: PCI collision and confusion problems should be taken into account for the design of LAA RRM and corresponding discovery signal.
· Transmitting ECGI information together with discovery signal can be considered to solve these problems.
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Figure 2-1. Possible PCI collision/confusion problems in unlicensed carrier
UE procedure for discovery signal-based RRM measurement for unlicensed carriers
As described in the above section, it was agreed to consider following two options for the transmission of discovery signal within a DMTC window.

· Alt. 1: DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC
· Alt. 2: If LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds
In Alt. 1, in order to transmit DRS at fixed subframe(s) within DMTC based on LBT, the eNB may perform CCA for DRS burst transmission just before every periodic attempts for DRS burst transmission within DMTC or the eNB may start trying to reserve a channel e.g., 4 ms before every periodic attempts for DRS burst transmission within DMTC as shown in Figure 2-2. However, the former case would result very low probability of successful DRS transmission within each DMTC when the channel is congested, and the latter case would cause unnecessary transmission before the DRS to reserve the channel. Such an unnecessary transmission within DMTC window may prevent the DRS transmission of neighbor LAA cells.
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Figure 2-2. Examples of Alt. 1 for transmission of discovery signal within a DMTC window
On the other hand, Alt. 2 can increase the probability of successful DRS transmission within each DMTC compared with Alt. 1. Although the UE cannot assume fixed periodicity of DRS occasion for a cell, anyway the UE would need to monitor whole DMTC window and LAA DRS would be designed to achieve a detection of DRS for a cell based on a single DRS occasion according to the agreements. Therefore, we propose to support Alt. 2 for the transmission of discovery signal within a DMTC window for LAA RRM. In addition, further study is necessary on whether and how the UE measure multiple neighboring cells within each DMTC window. This is because that the transmission of one cell would prevent transmissions of surrounding neighbor cells due to LBT and hence the number of actual DRS occasions within each DMTC window may be limited.
Proposal 2: It is recommended to support Alt. 2 for the transmission of discovery signal within a DMTC window for LAA RRM.
RRM enhancement including RSSI measurement and reports
Considering a large number of carriers in 5 GHz band, it seems typical that LAA small cell eNB supports multiple carriers, i.e., multiple LAA SCells on different carriers are co-located and RSRP values for these cells at a certain UE are equivalent. Therefore, in terms of UE effort and power consumption on measurement for these carriers, it is beneficial to measure and report only RSSI for some of carriers since RSSI measurement is just to measure received energy and is different from RSRP measurement in which correlation-based energy estimation for sequences are performed. In addition, RSSI for a carrier can be measured even when discovery signal is not transmitted on the carrier. Although eNB may also be able to measure RSSI for a carrier, the interference measurement and reporting from the UE would be useful to avoid a possible hidden node problem. Therefore, introducing RSSI measurement and reporting for LAA seems beneficial. It should be noted that this new RSSI measurement should be separated from the current RSSI measurement for RSRQ reporting. The new RSSI may be measured irrespective of the transmission of discovery signal on the carrier while the RSRQ should represent the quality of the cell when the cell transmits data.
Proposal 3: It is recommended to support RSSI measurement and reporting for LAA.
3. Discussion on discovery signal design for LAA
At the RAN1 LAA ad-hoc meeting, there was a discussion on DRS functionalities in addition to RRM measurement, such as time/frequency synchronization and AGC setting [2]. Before discussing the discovery signal design for LAA, functionalities to be supported by discovery signal for LAA should be clarified.
The discovery signal transmission for LAA RRM would be roughly periodic as discussed in above section. For the efficient support of discontinuous transmission, the UE should perform time/frequency synchronization and AGC setting prior to the reception of data burst so that the UE can receive the data burst from the beginning. In that sense, the discovery signal seems to be a good candidate providing functionalities of time/frequency synchronization and AGC setting for the reception of data burst. Although the discovery signal needs to provide such functionalities at least for the reception of discovery signal itself for RRM measurement, it should be further studied whether the discovery signal for LAA RRM can provide sufficient accuracy on time/frequency synchronization and AGC setting for the reception of data burst. In terms of time/frequency synchronization, since the UE has already been synchronized with PCell when applying LAA, basically the estimation of timing error due to the propagation delay difference between PCell and LAA SCell up to about 30 microsecond and the estimation of frequency offset difference less than 1 ppm are required.
For RRM measurement, LAA DRS should be designed to achieve a detection of DRS for a cell based on a single DRS occasion according to the agreements. In addition, to avoid the interception during the transmission of single DRS occasion, the transmission burst containing DRS signals should consist of continuous OFDM symbols. There are mainly two approaches for the design of discovery signal for LAA as below.
· Option 1: Keep existing RE mappings for DRS signals and transmit something on remaining symbols in the transmission burst together with DRS signals.
· Option 2: Design new RE mappings for DRS signals to use continuous OFDM symbols.
Option 1 can clearly save the specification impact compared with Option 2 while it is important for Option 1 what is transmitted on remaining symbols in the transmission burst at least when there is no data to be transmitted at the eNB. As discussed in above section, ECGI information can be considered as a possible candidate to be transmitted in the burst containing DRS signals. Other useful information/signal can also be considered.
On the other hand, Option 2 can achieve the minimum required length of DRS transmission burst, e.g., less than 1 ms. Shorter DRS transmission duration would lead a minimum impact on coexistence performance. However, this option needs a large specification impact and an extensive study on the appropriate design.
Considering the above discussion, Option 1 should be considered as a baseline and should be evaluated whether a single DRS occasion with a minimum duration, i.e., 1 ms is sufficient for the detection of DRS from a cell. The accuracy of time/frequency synchronization based on the single DRS occasion should also be evaluated. In such evaluations, our evaluation results shown in the Appendix can be referred as target SINR range for DRS [3].
Proposal 4: Existing RE mappings for DRS signals should be considered as baseline and should be evaluated in terms of detection probability and time/frequency synchronization accuracy based on a single DRS occasion with 1 ms duration.
· Useful information/signal, e.g., ECGI, to be transmitted within a single DRS occasion together with DRS signals should be further studied.
4. Conclusion 

In this contribution, we discuss further on RRM measurement and discovery signal design for LAA. Based on the analysis above, we had following proposals.
Proposal 1: PCI collision and confusion problems should be taken into account for the design of LAA RRM and corresponding discovery signal.
· Transmitting ECGI information together with discovery signal can be considered to solve these problems.
Proposal 2: It is recommended to support Alt. 2 for the transmission of discovery signal within a DMTC window for LAA RRM.
Proposal 3: It is recommended to support RSSI measurement and reporting for LAA.
Proposal 4: Existing RE mappings for DRS signals should be considered as baseline and should be evaluated in terms of detection probability and time/frequency synchronization accuracy based on a single DRS occasion with 1 ms duration.
· Useful information/signal, e.g., ECGI, to be transmitted within a single DRS occasion together with DRS signals should be further studied.
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Appendix: Initial Evaluation on SINR condition for DRS reception
In [3], we evaluated the SINR condition for DRS-based RRM measurement assuming different approaches of DRS transmission.

We assume three different cases below for this initial evaluation.

· Case 1: LBT-exempt transmission of DRS (including SS/CRS/CSI-RS)

· DRS transmissions of small cells within the same operator are synchronized

· Inter-operator small cells/APs cause interference to DRS-based measurement for the target small cell according to the load condition

· Case 2: Synchronized LBT-based transmission of DRS (including SS/CRS/CSI-RS)

· LBT timings for DRS transmissions of small cells within the same operator are synchronized

· Inter-operator small cells/APs within -62 dBm CCA threshold for the target small cell do not cause an interference to DRS-based measurement for the target small cell thanks to LBT

· Inter-operator small cells/APs out of -62 dBm CCA threshold for the target small cell cause interference to DRS-based measurement for the target small cell according to the load condition

· Case 3: Non-synchronized LBT-based transmission of DRS (including SS/CRS/CSI-RS)

· Since LBT timings of small cells are not aligned, intra-operator small cells within -62 dBm CCA threshold for the target small cell do not cause an interference to DRS-based measurement for the target small cell thanks to LBT

· Inter-operator small cells/APs within -62 dBm CCA threshold for the target small cell do not cause an interference to DRS-based measurement for the target small cell thanks to LBT

· Intra- and inter-operator small cells/APs out of -62 dBm CCA threshold for the target small cell cause interference to DRS-based measurement for the target small cell according to the load condition

In addition, for SS, it is assumed that SS transmissions from all small cells within the same operator collide. For CRS, a random PCI allocation and CRS collision based on reuse factor 6 are assumed. For CSI-RS, a perfect planning of CSI-RS configuration among small cells is assumed and hence no interference from small cells within the same operator is assumed. UEs are dropped within 20 m radius from each small cell associated to the same operator. Only interferences due to downlink transmissions are taken into account. Other assumptions are based on the outdoor evaluation scenario in TR 36.889 [4].

Table A-1 shows 5-percentile SINR for the best RSRP small cell and Table A-2 shows that for the top three small cells within 6 dB RSRP gap. Figures of SINR CDF are shown in Appendix. Compared to the SINR values in Case 1, those in Case 2 and 3 are significantly increased thanks to LBT-based transmission of DRS. In Case 1, if interferences due to UL transmission are taken into account, SINR condition for RRM measurement would be worse. In addition, according to the results on CSI-RS, if synchronized LBT and transmission for discovery signal are considered, utilizing CSI-RS in discovery signal for RRM may be beneficial. The CSI-RS within DRS burst may also be beneficial for CSI measurement and reporting in order to apply link adaptation for the first transmission to the UE.
Table A-1: 5-percentile SINR for the best RSRP small cell

	Load 25% / 50%
	SS
	CRS
	CSI-RS

	Case 1
	-2.58 dB / -4.51 dB
	-1.34 dB / -4.08 dB
	-0.46 dB / -3.47 dB

	Case 2
	-0.48 dB / -0.85 dB
	2.28 dB / 0.71 dB
	7.91 dB / 4.90 dB

	Case 3
	2.14 dB / 1.34 dB
	5.15 dB / 2.78 dB
	7.91 dB / 4.90 dB


Table A-2: 5-percentile SINR for the top three small cells within 6 dB RSRP gap

	Load 25% / 50%
	SS
	CRS
	CSI-RS

	Case 1
	-7.42 dB / -8.53 dB
	-5.42 dB / -7.60 dB
	-2.99 dB / -6.00 dB

	Case 2
	-6.45 dB / -6.76 dB
	-3.49 dB / -5.12 dB
	3.65 dB / 0.64 dB

	Case 3
	-4.04 dB / -4.72 dB
	-3.68 dB / -4.50 dB
	3.65 dB / 0.64 dB
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