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1
Introduction

In this document, we describe the UE procedure for DRS reception and RRM measurements in LAA. 
2
DRS transmission
The discovery reference signal (DRS) containing the PSS, SSS, CRS, CSI-RS (optional) and PLMN ID broadcast message (to be discussed in RAN1) is transmitted (subject to LBT) once with the discovery window in each DMTC period. In addition, it was also agreed in the previous RAN1 meeting to transmit PSS/SSS/CRS opportunistically in every subframe 0 and 5 when there is a valid ongoing DL transmission. To enable forward compatibility with future LAA systems such as LAA with dual connectivity, unused time and frequency resources within the DRS may be reserved as shown in Figure 1.
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Figure 1: DRS transmission within the DMTC and PSS/SSS/CRS transmission outside the DMTC in subframe 0 and 5
2
PSS/SSS/CRS/CSI-RS scrambling for DRS and UE procedure for neighbour cell measurement
We assume that a typical UE implementation would have a data path and a “narrowband” searcher path. The data path implementation is used for control and data channel demodulation, CSI feedback and various other functions such as time/frequency synchronization etc. and typically assumes that all the reference signals in a given subframe are scrambled according to the subframe number. If this were not the case, the data path would have to perform baseband processing for different scrambling sequence hypothesis (as the UE is not aware apriori whether DRS is present in a subframe). Alternatively, the UE has to first detect a DRS transmission and then process the subframe based on the results of detection. In each case, there is significant increase in UE processing and implementation complexity and can result in several false alarm events. 

The searcher path on the other hand can handle cells which are out of timing sync (for the purpose of FFT) with the serving cell, makes no assumptions on the nature of scrambling and is not time-critical UE operation. This path can be more dynamically configured to look for DRS without significantly impacting UE implementation.
2.1.1
Overview of PSS/SSS/CRS/CSI-RS scrambling [1] and UE RRM procedures
For a UE configured with LAA SCells, the timing of the SCell can be derived from the timing of the PCell through the carrier aggregation (CA) framework. Thus, for the serving SCell, the scrambling sequences used in each subframe can be determined using this relationship. The key factor in imposing restrictions on the choice of scrambling sequences arises from the need to perform neighbor cell measurements from other LAA transmitters belonging to either the serving PLMN or a neighboring PLMN.

In LAA, the DRS can “float” within the DMTC, i.e., it can occur in one of several subframe candidate positions within the DMTC. To enable a UE to perform RRM measurements on a neighboring cell, we propose the following choice of scrambling for the PSS/SSS. 

1. PSS/SSS transmitted as part of DRS in subframes 0, 1, 2, 3 and 4 of a radio frame carries the subframe 0 pattern.

2. PSS/SSS transmitted as part of DRS in subframes 5, 6, 7, 8 and 9 of a radio frame carries the subframe 5 pattern.

3. PSS/SSS transmitted outside the DMTC pattern follows the Rel-12 structure.

Another possibility is to have all subframes except subframe 5 carry the subframe 0 pattern within the DMTC.

Once the UE detects a PSS/SSS, it can determine that the subframe in which DRS was transmitted was either one of subframes 0, 1, 2, 3 or 4 (when a subframe 0 type is detected) or one of subframes 5, 6, 7, 8 or 9 (when a subframe 5 type is detected). 

For the purpose of RRM measurement and potentially determining PLMN ID and other broadcast information such as LBT parameters etc., the UE needs to determine the exact scrambling sequence to be used for CRS and CSI-RS processing. If the scrambling sequences in subframes within the DMTC are determined the exact subframe index, the UE would have to test several hypothesis (at least 5) for the scrambling sequences to determine the exact scrambling sequence used in that subframe. This would result in significantly increased detection complexity and corrupted measurements due to misdetection and false alarms at the UE. 

To reduce UE implementation complexity and improve reliability, we propose that for the DRS within the DMTC for CRS and CSI-RS transmissions use scrambling consistent with the subframe number associated with the PSS/SSS, e.g. either
1. Use SF#0 scrambling in actual subframes SF#0, SF#1, SF#2, SF#3 and SF#4.

2. Use SF#5 scrambling in actual subframes SF#5, SF#6, SF#7, SF#8 and SF#9. 

or, alternatively, for all subframes except subframe 5, use the subframe 0 scrambling within the DMTC.
For transmissions outside the DMTC, scrambling of all sequences is based on actual subframe number. Note that PSS/SSS transmissions outside the DMTC can occur only in subframes 0 and 5.

This ensures that whether a UE detects a PSS/SSS transmission of a (either synchronous or asynchronous) neighbor cell within the DMTC, the scrambling of the CRS and CSI-RS sequences in that subframe can be determined by determining whether the PSS/SSS transmission was preamble based (SF#0) or midamble based (SF#5). This simplifies the measurement procedure for neighbor cells without significantly increasing UE computational complexity and degrading reliability of measurements. 

For a neighbor cell, the UE assumes that if CSI-RS for RSRP is configured, presence of CRS also indicates the presence of CSI-RS resources. The UE can determine the scrambling for the CSI-RS resources from the CRS resources. For measurement of highly asynchronous neighbors whose actual DRS transmission does not occur within the UE’s DMTC, assuming the presence of CSI-RS may not be valid as the PSS/SSS transmission may not be part of the DMTC. In such scenarios, it should be assumed that the eNB configures the UE correctly or is prepared to deal with inaccurate RSRP measurements using CSI-RS.  

2.1.2

Handling multiple PSS/SSS transmissions within DMTC

In LAA, it is possible for the PSS/SSS to be transmitted at multiple subframes. For example, if the eNB gets the channel in the middle of subframe 3, it is possible for PSS/SSS as part of DRS to be transmitted in subframe 4 and an additional PSS/SSS transmission in subframe 5. Such transmissions can potentially create confusion at the UE and result in inaccurate RRM measurements or PCI confusion. To simplify UE implementation, we propose the following

1. PSS/SSS is transmitted only in one subframe within the DMTC, with the exception that when both subframe 0 and subframe 5 is within DMTC, both can contain PSS/SSS as long as no other subframe in DMTC contains PSS/SSS.
2. A subframe within the DMTC does not contain unicast PDSCH other than in subframe 0 and 5.

2.2
Wideband vs. Narrowband measurement

When operating in unlicensed spectrum, a UE may need to perform measurements from possibly asynchronous cells from the same operator or different operators. A wideband measurement may improve reliability and can be more robust against frequency selective channels. However, considering that unlicensed cells are low power small cells with smaller channel delay spreads and would be used in scenarios with low mobility, narrowband measurement would be sufficient to meet the RRM performance requirements [1]. In addition, if a UE has to perform wideband measurements for RRM, then the UE either needs dedicated FFT engines for measurements to perform an asynchronous FFT or needs to be configured with measurement gaps for both intra-frequency and inter-frequency measurements which can significant increase implementation complexity and take up valuable channel access and data transmission opportunities at the eNB. This overhead further increases if there is a need to measure a large number of unlicensed carriers. Taking these factors into account, we propose that RAN4 should define the RRM measurement requirements assuming narrowband measurements at the UE. 
2.3
RSSI measurements
The following was agreed in the RAN1#82b for supporting RSSI measurement configuration and reporting
Agreement:

· The measurement duration (averaging granularity) for a single UE-reported RSSI measurement instance should be indicated to the UE:

· Support a minimum duration of one OFDM symbol

· Support a maximum duration of 5ms 

· Potential higher-layer filtering of multiple UE-reported RSSI measurement instances (for average RSSI) and the definition of statistics reflecting channel occupancy are up to RAN2 (and RAN4). 

· A measurement gap duration (i.e. 6ms) may contain multiple measurement instances

· FFS: UE behaviour when a RSSI measurement instance overlaps with the transmission of the serving cell

· FFS: Intermediate averaging granularity values
In addition, the following RRC parameters were agreed as part of the email discussion for the purpose of RSSI measurement

· L1 averaging duration of UE reported RSSI measurement

· Measurement duration of UE reported RSSI measurement

· Periodicity of UE reported RSSI measurement duration

· Subframe offset of UE reported RSSI measurement duration

· FFS: OFDM symbol offset

· FFS: Whether/how to support UE flexibility for measurement timing
We now provide our views on the remaining open items for RSSI measurement configuration and reporting. 
2.3.1
L1 RSSI measurement procedure

The UE when configured with an RSSI measurement timing configuration (RMTC) computes an average RSSI for the configured L1 averaging configuration. This results in one RSSI sample at the UE L1 which is provided to upper layers as a stream of samples. The upper layers shall use the same samples provided by the UE for the purposes of computing both average RSSI and channel occupancy statistics. 
We propose to select one of the following options:
1. The UE does not distinguish between serving cell transmission and other devices for the purposes of RSSI measurement and it is up to the eNB configuration and implementation to handle such scenarios. For example, the eNB may choose to transmit only DRS in the first half of the DMTC and configure the rest of the DMTC/RMTC for RSSI measurement. The eNB may also avoid scheduling UL transmissions during the DMTC/RMTC.
2. The UE discards RSSI samples that overlap with serving cell transmissions. The eNB implementation handles the impact of missing samples. 

For the RMTC configuration, configuring an OFDM symbol offset and configuring support for UE flexibility for measurement timing as currently under discussion.
There is no strong motivation to configuring an OFDM symbol offset as the interference experienced by hidden nodes and even other eNBs in the same network may be fully asynchronous. Similarly, we do not see any strong benefit to supporting UE flexibility for measurement timing. If there is a scenario where the eNB receives inconsistent measurements, it can always reconfigure the UE with a different subframe offset or L1 averaging periodicity and hence we do not support having UE flexibility for RSSI measurement timing.
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Conclusions 

In this document, we discuss various aspects of DRS signal transmission and RRM measurements. 
For the remaining aspects of DRS design, we propose that
1. PSS/SSS transmitted as part of DRS in subframes 0, 1, 2, 3 and 4 of a radio frame carries the subframe 0 pattern.

2. PSS/SSS transmitted as part of DRS in subframes 5, 6, 7, 8 and 9 of a radio frame carries the subframe 5 pattern.

3. PSS/SSS transmitted outside the DMTC pattern follows the Rel-12 structure.

4. Use SF#0 scrambling in actual subframes SF#0, SF#1, SF#2, SF#3 and SF#4.

5. Use SF#5 scrambling in actual subframes SF#5, SF#6, SF#7, SF#8 and SF#9. 

6. PSS/SSS is transmitted only in one subframe within the DMTC, with the exception that when both subframe 0 and subframe 5 is within DMTC, both can contain PSS/SSS as long as no other subframe in DMTC contains PSS/SSS. 
7. A subframe within the DMTC does not contain unicast PDSCH other than in subframe 0 and 5.

8. Confirm that narrowband measurements are sufficient for RRM measurements. 

For RSSI measurement we propose that
1. For the handling of serving cell transmissions, choose either
a) The UE does not distinguish between serving cell transmission and other devices for the purposes of RSSI measurement and it is up to the eNB configuration and implementation to handle such scenarios. For example, the eNB may choose to transmit only DRS in the first half of the DMTC and configure the rest of the DMTC/RMTC for RSSI measurement. The eNB may also avoid scheduling UL transmissions during the DMTC/RMTC.

b) The UE discards RSSI samples that overlap with serving cell transmissions. The eNB implementation handles the impact of missing samples.
2. OFDM symbol offset is not configured for the UE.

3. UE flexibility for RSSI measurement timing is not supported.
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