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1 Introduction

For LAA discussion in RAN1 Adhoc meeting, some agreements on discovery reference signal (DRS) and RRM measurement were agreed that are listed 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
· 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
In this contribution, further considerations and analysis on DRS and RRM measurement are provided, including design for OFDM symbol contiguous DRS, DRS transmission within DMTC subject to LBT and some other measurement related issues. 
2 Discussion
In LTE Rel-12, small cell on/off operation is supported, and DRS comprised of bursty PSS/SSS/CRS and configurable CSI-RS is introduced. If DRS based RRM measurements are configured, a UE uses the DRS transmitted in the DRS measurement timing configuration (DMTC) with 40/80/160 ms periodicity for RRM measurements of neighbour cells. In addition, the UE can use RS both in the DMTC and outside the DMTC for RRM measurements of the PCell and activated SCells. 
It was agreed that DRS could be the starting point for RRM measurements in LAA LTE. DRS transmission was also agreed to be allowed to be subject to LBT, considering the issues produced by short control message mechanism due to co-existence with other LBT based systems and also the RSSI overestimation discussed in [2]. Note that current structure of the DRS occupying non-continuous OFDM symbols would lead to similar issues as those lead by the short control message mechanism [2], and therefore it was agreed the DRS transmission should consist of continuous OFDM symbols. How to achieve this is discussed in section 2.1. Due to LBT, an LAA cell may not always successfully transmit the DRS at every DRS occasion. How to transmit the DRS in LAA LTE is discussed in section 2.2. Other DRS related points such as detection/measurement based a single DRS occasion and RSSI measurement are discussed in section 2.3. 
2.1 Design for OFDM symbol contiguous DRS transmission
One potential solution to achieve continuous DRS transmission is that reservation signal is transmitted in the empty symbols during a DRS occasion when no PDSCH is scheduled. The reservation signal could be padding signal, RS like signal or also some other control signal. Whatever the specific content of the reservation signal has could be FFS at this stage. But the resource pattern of the reservation signal should consider the accuracy of RSSI measurement due to cell on/off. 
Currently, all the cells on one frequency would transmit their own DRS in a time-aligned DMTC to reduce the complexity and power consumption of UEs for cell detection and RRM measurements. Then one issue was discussed during Rel-12 that the energy of the DRS of OFF-state cells could be captured into the DRS based RSSI (DRSSI) leading to overestimated DRSSI measurements. Therefore, it was agreed that DRSSI is measured over all OFDM symbols in DL part within the DRS occasion in Rel-12, in order to smooth the energy of the DRS of OFF-cells from a few OFDM symbols to all OFDM symbols in a subframe. In this way, the DRSSI for an ON-cell normally with PDSCH occupying all OFDM symbols in a DRS occasion could be differentiated from the DRSSI for the same cell in OFF state transmitting only its DRS on a few OFDM symbols in the DRS occasion. 

The effect for differentiating the energy levels of cells with ON/OFF states by the solution of smoothing the DRSSI in Rel-12 may somehow be discounted for LAA DRS transmission, since reservation signals should be anyway transmitted to fill the empty symbols if no PDSCH is scheduled during a DRS occasion. The effect could be even eliminated if full-RE occupancy is adopted, where all empty REs including both those in CRS symbols and empty symbols are filled with the reservation signals. Therefore, to differentiate the energy levels of cells with ON/OFF states and also to achieve the OFDM symbol continuous LAA DRS transmission, the resource pattern for DRSSI frequency domain smoothing should be adopted. As the example shown in figure 1, if a cell is ON, all REs may be filled with PDSCH (also including control signals) and RS. While if the cell is OFF but with DRS transmission, the reservation signals could occupy continuous OFDM symbols but only occupy part of REs in the frequency domain. 
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Figure 1. Reservation signal transmission in one PRB during a DRS occasion with/without data scheduling

Proposal 1: Reservation signals should be transmitted in the empty symbols during a DRS occasion when no PDSCH is scheduled. The specific content of the reservation signals could be FFS. 

Proposal 2: The resource pattern of the reservation signals should consider the accuracy of DRSSI measurements due to cell on/off. The reservation signals could occupy continuous OFDM symbols but only occupy part of REs in the frequency domain. 
2.2 DRS transmission within DMTC subject to LBT
With LBT, an LAA eNB may not be able to guarantee the periodic transmission of the DRS, since the eNB may not have the chance in the DMTC to occupy the unlicensed channel. One solution is that aperiodic DRS occasions on LAA cells can be triggered by signalling on a licensed cell. However, this may be only suitable to DRS transmission for the serving cells but not for the neighbour cells, considering different neighbour LAA cells may probably have independent aperiodic transmission timing for their own DRS transmission due to LBT. This would increase UE power consumption when performing cell discovery and RRM measurements and is not consistent with the scheme of per frequency common DMTC in Rel-12. Therefore, per frequency common DMTC should be kept for LAA DRS transmission and measurements. 

Proposal 3: Aperiodic DRS occasion triggering is not suitable for RRM measurements of neighbour LAA cells. Per frequency common DMTC should be kept for LAA DRS transmission and measurements. 
In Rel-12, DRS transmission timing in the DMTC is fixed. Specifically, the PSS/SSS in the DRS should follow the original transmission timing when the cell is ON. With the fixed timing and LBT, the LAA eNB could probably lose the current transmission opportunity in the fixed time locations due to unsuccessful CCA, and has to wait until the next DRS occasion at least 40 ms later, as shown in figure 2(a). As the DRS transmission can provide cell discovery and RRM measurements, and may also be used for time and frequency tracking and even CSI measurements, solutions to increase the probability of successful DRS transmission could be considered. As shown in figure 2(b), one enhancement is that candidate locations for PSS/SSS in the DRS could be reserved in every subframe in the DMTC. From the eNB side, continuous CCA could be performed, and the DRS could be transmitted in a candidate location whenever the eNB discovers the channel idle just before the candidate location. From the UE perspective, just normal cell search for the PSS/SSS is performed in every subframe in the DMTC, so no more complexity is introduced based on current PSS/SSS detection. 
Proposal 4: Agree on alternative 2, i.e, 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. One example to increase the probability of successful DRS transmission within a DMTC is that more than one candidate locations for LAA DRS transmission in one subframe within a DMTC could be configured. 
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Figure 2. DRS transmission with different alternatives co-existing with WI-FI

In addition, the CCA procedure for LAA DRS transmission could be different from that for LAA data transmission. The data transmission should follow the LBE based LBT with backoff procedure, to guarantee the fairness with other LBT based systems. However, for DRS transmission which is not so frequent but important, CCA with high priority could be introduced. One example is that once the eNB discovers the channel is idle within the DMTC, DRS with possible early padding could be performed. 
Proposal 5: Higher CCA priority could be considered for LAA DRS transmission within a DMTC. 
2.3 Other issues related to RRM measurement
There are still other issues related to DRS transmission and RRM measurements for LAA. One of them is that LAA DRS should support one-shot cell detection and RRM measurements. In other words, cell detection and RRM measurements should be performed based on a single DRS occasion, considering that it is hard to guarantee stable timing for LAA DRS transmission. Moreover, LAA is probably a system with wide bandwidth, e.g., 20 MHz. Therefore, it may achieve the performance requirement for the one-shot cell detection and RRM measurements by the wide bandwidth DRS. But it should be decided whether the performance could be satisfied by the one-shot DRS transmission according to the current DRS design with PSS/SSS/CRS/CSI-RS. 
Proposal 6: It should be investigated whether the performance of cell detection and RRM measurements could be satisfied by the one-shot DRS transmission according to the current DRS design with PSS/SSS/CRS/CSI-RS. 
Another issue is that whether the inter-operator cell ID collision needs to be addressed for RRM measurements, considering different operators may deploy their LAA LTE systems on the same channel and co-located with the same cell ID so that the UE may be confused of the detected DRS with the same cell ID but from multiple operators. If the issue needs to be solved, one solution is that the signalling during a DRS occasion should carry the operator ID. Then if a UE reports the RRM measurements of a cell to the eNB, the eNB deems that the reported cell belongs to its own operation. In addition, if the operator ID is hard to be carried in a physical signal or in a physical channel, the UE could also report the timing when it measured the cell to the eNB so as to differentiate the DRS from different operators. 
Proposal 7: Inter-operator cell ID collision should be addressed for RRM measurements. 
Another issue is that whether to introduce RSSI reports for LAA. One motivation is that a UE can always get the RSSI measurements and reports, which is not the case where RSRP and RSRQ both require the DRS transmission. Another motivation is that the RSSI reports may be used for long term carrier selection on the unlicensed band. However, eNB side RSSI measurements could also be used for carrier selection based on the eNB implementation. A third reason is that a UE can detect the interference from the hidden nodes that the eNB cannot hear by measuring RSSI during serving cell transmission period. But reference signals are present during transmission period, it is not clear why the current interference measurement cannot be applicable.

In addition, the measured RSSI for a UE can be different when the measured LAA cell has transmission or not. The accurate interference captured by the RSSI should be measured during the measured cell’s transmission period, thus, the RSSI measurement when the LAA cell has transmission or not cannot be averaged. Differentiation for the different RSSI measurements would also complicate the UE implementation. 
Proposal 8: It needs further study whether to introduce RSSI reports for LAA. 
3 Conclusion

In this contribution, further considerations and analysis on DRS and RRM measurement are provided, including design for OFDM symbol contiguous DRS, DRS transmission within DMTC subject to LBT and some other measurement related issues. Finally, proposals are listed as following: 
Proposal 1: Reservation signals should be transmitted in the empty symbols during a DRS occasion when no PDSCH is scheduled. The specific content of the reservation signals could be FFS. 

Proposal 2: The resource pattern of the reservation signals should consider the accuracy of DRSSI measurements due to cell on/off. The reservation signals could occupy continuous OFDM symbols but only occupy part of REs in the frequency domain. 
Proposal 3: Aperiodic DRS occasion triggering is not suitable for RRM measurements of neighbour LAA cells. Per frequency common DMTC should be kept for LAA DRS transmission and measurements. 
Proposal 4: Agree on alternative 2, i.e, 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. One example to increase the probability of successful DRS transmission within a DMTC is that more than one candidate locations for LAA DRS transmission in one subframe within a DMTC could be configured. 
Proposal 5: Higher CCA priority could be considered for LAA DRS transmission within a DMTC. 

Proposal 6: It should be investigated whether the performance of cell detection and RRM measurements could be satisfied by the one-shot DRS transmission according to the current DRS design with PSS/SSS/CRS/CSI-RS. 
Proposal 7: Inter-operator cell ID collision should be addressed for RRM measurements. 
Proposal 8: It needs further study whether to introduce RSSI reports for LAA. 
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