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1 Introduction
The following working assumptions and agreements were made at RAN1#82 [1].
Working assumption:
· In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH

· FFS how to multiplex DRS and PDSCH in a same subframe 

· FFS whether PDSCH and DRS can be multiplexed in the same subframe, if subframe 0 or 5 is not part of the DRS occasion 

Agreements:

· Subject to LBT, allow the DRS without PDSCH to be transmitted in one of different time positions within the configured DMTC where the DMTC timing is relative to the PCell timing. In this case,

· Duration of the signals in the DRS (which doesn’t include potential initial signal) is less than 1 ms (a single idle sensing interval is used for the LBT procedure prior to transmission of the DRS)

· FFS: Duration of the DRS occasions when the duration is less than 1 ms
· FFS: case where duration of the signal in DRS is 1 ms or longer
· Allow DRS transmission in subframe other than #0 and #5

· Position of DRS in a subframe is the same for all candidate subframes in the DMTC

· Following alternatives can be considered for sequence generation for SSS/RS in subframes with DRS

· Alt. 1: Generate SSS/RS sequences according to the subframe index of DRS

· Alt. 2: Generate SSS/RS sequences irrespective of the subframe index of DRS

· FFS: other alternatives

Agreements:
· For the UE reporting RSSI measurement in the unlicensed carrier, the timing where the UE may perform RSSI measurement should be indicated to the UE
· FFS: RSSI is measured from all OFDM symbols of the measurement period where the UE performs RSSI measurement 
· The RSSI measurement timing configuration may be independently configured from the DMTC
· Note that RSSI is different from the existing RSSI
· FFS averaging granularity
· FFS additional RSSI measurement gap
In RAN1#82bis, further progress was made as captured by the following agreements [2].

Agreements:
· The signals comprising the LAA DRS are the same as symbols 0-11 of the Rel-12 DRS for FDD (LAA assumes normal CP)
· DRS occasion duration is 12 symbols
· NZP-CSI-RS of the Rel-12 DRS can be transmitted in symbols #9 and #10, if configured
Agreements:
· UE can be configured with DRS and CSI-RS in the same subframe, for the purpose of CSI channel measurement using the configured CSI-RS

· FFS: CSI-RS configuration details

· FFS: Depending on the DRS design, the UE can assume CRS ports are transmitted during a DRS occasion for the purpose of CSI measurement 
Agreements:
· 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
There was a further email discussion on RRC parameters for RSSI measurements in which parameters for RRC signalling were defined, but some details were left for further study [3]. In this contribution, we provide our views on the remaining issues.
2 Discussion
2.1.1 DRS and PDSCH Multiplexing

The transmission of DRS and the transmission of PDSCH are both very important to achieve good LAA performance while ensuring efficient usage of unlicensed band resources. If DRS and PDSCH are unable to be multiplexed together, then, there will be delays incurred either for PDSCH or for the transmission of DRS. This also, will result in an increase in the channel occupancy in time which is detrimental to coexistence with both other LAA and Wi-Fi networks. Thus, it is of utmost importance that PDSCH and DRS should always be capable of being multiplexed together regardless of where the DRS is transmitted within the DMTC.
Proposal: DRS and PDSCH can be multiplexed and transmitted in any subframe within the DMTC.

How the multiplexing is done was left for further study when the DRS structure was still not fully defined. Since then, it has been agreed that the DRS structure follows the first 12 symbols of the Rel-12 DRS and hence multiplexing DRS and PDSCH is quite natural using existing mechanisms. The main issue occurs when the DRS is moved within the DMTC to a subframe other than subframe 0 and 5. In this case, one of the issues is the sequence that is used for the SSS and the CRS and the second issue is that the PSS/SSS appear in subframes where they normally do not appear as per Rel-12 operation. 

The issue of CRS and SSS sequences is addressed in our companion contribution on transmission of DRS and PSS/SSS, where it is shown that there is a benefit for the CRS to have the same sequences as defined in Rel-12 when the DRS appears in subframes other than subframe 0 and 5 [4]. This allows normal CRS processing for PDSCH reception regardless of where the DRS appears within the DMTC. In addition, the CSI-RS sequence can also be modified based on the subframe number. The issue of the PSS/SSS appearing in subframes other than subframe 0 and 5 is addressed in our companion contribution on signalling in DL LAA subframes [5]. The UE clearly needs to know whether the DRS is part of these subframes or not within the DMTC. There are broadly two approaches that can be taken to achieve this. The first is that the UE blindly detects the presence of the PSS/SSS in these subframes and determines whether the DRS is present or not. The second approach would be to provide some signalling within the subframe that explicitly informs the UE that the DRS is part of that subframe. Of course, the first solution can be implemented by a UE even if the second solution provides some signalling. In the interest of robust operation, it would be beneficial for some explicit signalling to be present that indicates whether the DRS is part of the subframe or not. 
2.1.2 RSSI Measurements
The RRC parameters for RSSI measurements were agreed upon but some details were left for further study. The list of aspects that need to be studied further are given below.
1) OFDM symbol offset (FFS: Whether configuration of this parameter is optional or mandatory)
2) Whether/how to support UE flexibility for measurement timing
3) Values other than 1 and 70 for the measurement duration of UE-reported RSSI measurements.

There has been some discussion on the usefulness or lack thereof of an OFDM symbol offset parameter that can provide further flexibility to fix the timing where the UE makes RSSI measurements. Without the OFDM symbol offset, it should be defined that the UE always starts the measurement duration at the beginning of the subframe that is indicated by the other parameters. Otherwise, it would not be possible to fix the timing where the UE makes measurements. Another option would be to define the OFDM symbol offset, with the main benefit from this being that the start of the measurement duration within the subframe could be adjusted to a location other than the start of the subframe. This may be useful for instance in facilitating the UE to perform measurements that can be used to detect hidden nodes at the end of subframes where the eNB may also be performing measurements for LBT before transmission on the next subframe. Considering that fixing the timing of the RSSI measurements is primarily useful for such hidden node measurements, it would be beneficial for the OFDM symbol offset parameter to be defined.

Proposal: An “OFDM symbol offset” RRC parameter should be defined with a value range of {0, 1, …, 13}.

During the email discussion, it was pointed out that RSSI measurements, if they are fully periodic, could potentially overlap with DRS transmissions from other LAA cells or other periodic transmissions, thus potentially providing a biased estimate of the average RSSI or channel occupancy. This is particularly of concern for RSSI measurements that are performed to assist the eNB in choosing other channels. Provision of some flexibility in moving the measurement duration in each period can help to mitigate such effects. As long as such offsets in where the measurements are made are still restricted to be within the RMTC, there could still be some bias in the measurements. One option that can help reduce the likelihood of such bias is to allow the configuration of the periodicity and offset of UE-reported RSSI measurements to be optional. Then, when these parameters are not configured, the UE should assume that location of the RSSI measurement duration should not be completely periodic. The UE can have a broad range of flexibility without any restrictions to a 6 ms gap if it makes the measurements during the DRX off periods, for example. 

Proposal: UE flexibility for measurement timing should be supported when configured. How the configuration is done can be decided by RAN2. One possibility that may be considered is to make the configuration of the periodicity and duration of UE-reported RSSI measurement duration be optional.
Values of 1 and 70 have already been agreed for the measurement duration of RSSI measurements which is counted in units of L1 measurement samples. Other values may be useful in order to obtain a localized occupancy measure. For instance, if a value of 14 is included and this is used with an L1 averaging duration of 1 OFDM symbol, an occupancy measurement based on 14 samples could be generated within a 1 ms subframe. Furthermore, RAN2 has been requested to consider returning raw L1 samples with L3 averaging being turned off. One possibility to do this is to return the L1 samples within a measurement duration as long as the measurement duration is not too long. Having a measurement duration of 14 along with the ability to return raw L1 samples could also provide the eNB more information than just a pure occupancy measure although both could potentially be used to determine discrepancies in measurements between the UE and the eNB made at the same time.

Proposal: A additional value of 14 should be considered for the “Measurement duration of UE-reported RSSI measurement” RRC parameter.
3 Conclusion

In this contribution, we considered some remaining RRM issues and made the following proposals.
Proposal: DRS and PDSCH can be multiplexed and transmitted in any subframe within the DMTC.

Proposal: An “OFDM symbol offset” RRC parameter should be defined with a value range of {0, 1, …, 13}.

Proposal: UE flexibility for measurement timing should be supported when configured. How the configuration is done can be decided by RAN2. One possibility that may be considered is to make the configuration of the periodicity and duration of UE-reported RSSI measurement duration be optional.

Proposal: A additional value of 14 should be considered for the “Measurement duration of UE-reported RSSI measurement” RRC parameter.
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