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1 Introduction

For LAA discussion in RAN1 #80bis meeting, some agreements on discovery reference signal (DRS) and RRM measurement were agreed to clarify the two alternatives mentioned in RAN1 LAA Adhoc meeting [1]: 
· 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: Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC

· Alt2: Subjected to LBT, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC
· Note: The number of different time positions should be restricted

· Note: One possibility is one time position in the subframe

· 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, further considerations and analysis on DRS and RRM measurement are provided, based on the above agreements and also the previous conclusions listed below achieved in the RAN1 LAA Adhoc meeting [2]. 
· 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 

2 Discussion
Section 2.1 discusses how to ensure that transmission bursts containing DRS signals consist of contiguous OFDM symbols where some signals are transmitted. 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. New RSSI-like measurement and report are discussed in section 2.3. 
2.1 Design for OFDM symbol contiguous DRS transmission
Avoiding that the transmission of DRS is interrupted by another node performing LBT is ensured by transmission bursts containing contiguous OFDM symbols where some signals are transmitted in addition to the DRS. This can be the PDSCH if data is scheduled, otherwise the signals could be:

· Unspecified signals

· Specified signals

· A combination of specified signals and unspecified signals

The choice between specified and unspecified signals should take into account the following points:

· The minimum bandwidth occupancy requirements in each OFDM symbol

· RSSI measurement accuracy

· The benefit of one-shot RSRP measurement
In Rel-12, it was agreed that RSSI measurements are averaged over all OFDM symbols of the measurement subframes, as a compromise between RSSI overestimation and RSSI underestimation. This was taking into account the fact that a cell in OFF state does not transmit in OFDM symbols not occupied by the DRS. However since for LAA all OFDM symbols should be occupied and assuming to reuse the Rel-12 DRS based  RSSI definition, an alternative way is to ensure that that a cell does not completely fill the carrier bandwidth in each OFDM symbol in case of a DRS transmission without control or data, while meeting the minimum bandwidth occupancy requirements in each OFDM symbol. 

It was observed that for LAA not all DRS transmissions can be ensured because of LBT. In cases of high channel loads, allowing accurate RSRP measurement using a single DRS transmission would be beneficial. Since the minimum bandwidth of LAA is 5 MHz, the accuracy of a single-shot measurement would be better than for the minimum case of 1.4 MHz in Rel-12 but the increase of collected energy due to larger bandwidth is still not sufficient for compensating missing four out of five samples that are normally collected for one measurement report in Rel-12 (assuming a single DRS subframe). Thus increasing the density of CRS and CSI-RS for RRM measurements in one DRS subframe would be beneficial. Alternatively, RRM measurements requirements could be relaxed for 5 MHz LAA carrier. On carriers of at least 10 MHz, increasing the RS density per PRB is not necessary to enable one-shot RRM measurement.
An example for increase the RS density is shown in Figure 1, where CRS are repeated on the same subcarriers in the empty symbols in a DRS occasion, leading to a 10-times increase in the density of CRS per PRB in the DRS. Alternatively, NZP CSI-RS can also be configured and transmitted in the empty symbols in a DRS occasion to maintain the CSI measurements. Correct rate-matching of PDCCH, EPDCCH and PDSCH should be ensured when the DRS are transmitted within a DL burst containing PDCCH or EPDCCH and PDSCH.
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Figure 1. Reservation signal transmission in one PRB during a DRS occasion with/without data scheduling

Proposal 1: The reservation signals transmitted in the empty OFDM symbols during a DRS occasion should only occupy part of REs in the frequency domain. The reservation signals could be CRS for RRM measurement, and/or, NZP CSI-RS for CSI measurement. 

2.2 DRS transmission within DMTC subject to LBT

In Rel-12, DRS transmission time position in the DMTC window is fixed. Specifically, the PSS/SSS in the DRS should follow the original transmission timing when the cell is ON. With the fixed time position and LBT, the LAA eNB could probably lose the current transmission opportunity in the fixed time position 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 (there are also proposal to use the DRS for 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 time positions 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 time position whenever the eNB discovers the channel idle just before the candidate time position. 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 2: Agree on alternative 2, i.e, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC. One example to increase the probability of successful DRS transmission is that more than one candidate time positions for LAA DRS transmission in one subframe within a DMTC window could be configured. 
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Figure 2. DRS transmission within a DMTC window using different alternatives 

In addition, the CCA procedure for LAA DRS transmission could be different from that for LAA data transmission, since DRS transmissions are not based on traffic load, but have a relatively long period and only span a short duration. Assuming data transmission follows LBE-based LBT with random backoff, once the eNB discovers the channel is idle for one ECCA slot within the DMTC, DRS could be transmitted without waiting for the ECCA counter to reach 0 if data is not transmitted in the same DL burst. In this case, the ECCA counter for transmission of data would not be reset to 0 after the DRS transmission. 

Proposal 3: Higher CCA priority should be considered for LAA DRS transmission within a DMTC window. If one CCA slot succeeds during a DMTC, an LAA eNB is allowed to transmit DRS without data. The ECCA counter is not reset to 0 after the DRS transmission.
2.3 New RSSI-like reports
New RSSI-lke measurements by UEs were proposed for measuring carriers where no LAA transmission is taking place, i.e. when RSRP measurements cannot be taken. These reports could be used by the network for carrier selection [3]. It was argued that performing RSSI-like measurements only at the eNB may not be sufficient because they would not allow identifying the presence of hidden nodes. A UE measurement, on the other hand, would give information about hidden nodes if this measurement can be compared with a corresponding eNB measurement. For this, eNB and UE measurements should be correlated in time. Thus RSSI-like measurements configured for certain cells without RSRP measurements should be taken by UEs only at times indicated to the UEs. If such measurements can effectively avoid selecting carriers with hidden nodes for certain UEs, then hidden node detection on an activated carrier may be simplified. However, a new UE entering a cell on a carrier already selected for other UEs may still experience a hidden node if that UE was not able to report RSSI-like before that carrier was selected by the eNB. Therefore, for a carrier already selected by an eNB, UEs should still be able to report measurements that allow identifying hidden nodes. As discussed in previous meetings, faster CSI measurements would improve hidden node identification.

Proposal 4: Consider introducing new RSSI-like reports with the following design targets:

· New RSSI-like can only be measured and reported for component carriers explicitly configured to the UE for the new RSSI-like measurements. New RSSI-like measurements are not used for RSRQ.
· Further discussion is needed on whether new RSSI-like measurements can be configured for a carrier where LAA signals from the same operator are present (e.g. an activated SCell).

· For detecting hidden nodes:

· New RSSI-like measurements can only be taken at times indicated to UEs, so that RSSI-like measurements at eNBs and RSSI-like measurements at UEs can be made simultaneously.

· On activated component carriers, a UE should be able to report CSI with reduced measurement and feedback delay, at least for updating interference measurements.

· FFS: how much reduction of measurement and feedback delay for CSI
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: The reservation signals transmitted in the empty OFDM symbols during a DRS occasion should only occupy part of REs in the frequency domain. The reservation signals could be CRS for RRM measurement, and/or, NZP CSI-RS for CSI measurement. 

Proposal 2: Agree on alternative 2, i.e, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC. One example to increase the probability of successful DRS transmission is that more than one candidate time positions for LAA DRS transmission in one subframe within a DMTC window could be configured. 
Proposal 3: Higher CCA priority should be considered for LAA DRS transmission within a DMTC window. If one CCA slot succeeds during a DMTC, an LAA eNB is allowed to transmit DRS without data. The ECCA counter is not reset to 0 after the DRS transmission.
Proposal 4: Consider introducing new RSSI-like reports with the following design targets:

· New RSSI-like can only be measured and reported for component carriers explicitly configured to the UE for the new RSSI-like measurements. New RSSI-like measurements are not used for RSRQ.

· Further discussion is needed on whether new RSSI-like measurements can be configured for a carrier where LAA signals from the same operator are present (e.g. an activated SCell).

· For detecting hidden nodes:

· New RSSI-like measurements can only be taken at times indicated to UEs, so that RSSI-like measurements at eNBs and RSSI-like measurements at UEs can be made simultaneously.

· On activated component carriers, a UE should be able to report CSI with reduced measurement and feedback delay, at least for updating interference measurements.

· FFS: how much reduction of measurement and feedback delay for CSI
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