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Introduction
In this contribution, we provide an end to end overview of the LAA eNB and UE operation on a single carrier by incorporating the current RAN1 agreements and the various design choices provided in our companion contributions. We overview following aspects of LAA operation and attempt to fill in the details at each stage.
1. DRS transmission, cell discovery and RRM measurements
2. Subframe types, PHY layer signals and channels
3. CSI measurement and reporting
4. UE signalling
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DRS transmission, cell discovery and RRM measurement
In LAA, the DRS can “float” within the DMTC, i.e., it can occur in one of several subframe candidate positions within the DMTC. As an LAA eNB can determine the serving cell timing using the licensed carrier, the design of DRS transmission has to take into account the discovery and measurement of neighboring cells. As the DRS floats within the DMTC, the UE needs to know the mapping between the PSS/SSS and the scrambling sequence for the CRS and CSI-RS in that subframe to perform measurements. To enable such measurements, 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.

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). Next, the UE needs to know the mapping between the detected PSS/SSS and the scrambling sequence used. For DRS transmissions within the DMTC, we propose to 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. 

In addition, it was agreed it RAN1#82b to transmit PSS/SSS/CRS in every subframe 0 and 5 outside the DMTC. This ensures that a neighbour cell (including cells which are completely asynchronous with non-overlapping DMTCs) which has active traffic will transmit at least one instance of PSS/SSS within the UEs DMTC in an aperiodic fashion. As the PSS/SSS scrambling in subframe 0 and 5 outside the DMTC is similar to Rel-12 LTE, the UE knows the scrambling sequence of CRS and CSI-RS sequences for all categories of neighbour cells.  
If a UE is configured with CSI-RS based RSRP measurements for neighbour cells, the UE assumes that presence of CSI-RS resources whenever CRS is detected. While the assumption is not true in reality for highly asynchronous neighbours with non-aligned or non-overlapping DMTCs, it should be assumed that the eNB either configures the UE correctly to measure such cells or is prepared to deal with inaccurate RSRP measurements using CSI-RS.
To avoid confusion at the UE due to multiple PSS/SSS transmissions within the DMTC, we propose that

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. 
Finally, as the DRS floats within the DMTC and the UE has to determine which subframe contains the PSS/SSS before it can perform PDSCH decoding, we propose that
1. A subframe within the DMTC does not contain unicast PDSCH other than in subframe 0 and 5.  
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Subframe types, reference signals and physical channels
Each subframe in LAA can be classified into one or many categories as follows.
1. MBSFN and non MBSFN subframe

2. Initial partial subframe, end partial subframe and regular subframe

3. DRS and non-DRS subframes

3.1 
MBSFN and non-MSBFN subframes

To achieve efficient multiplexing of UEs using different transmission modes, we propose to have MBSFN and non-MBSFN subframes in each DL transmission burst as described in [2]. In the current LTE Rel-12 design, the MBSFN configuration is semi-static and conveyed to the UE via the PCell in RRC configuration and does not change with every transmission burst. However, due to the uncertain channel access in the unlicensed spectrum and presence of bursty interference, such a semi-static configuration may not result in efficient multiplexing of UEs with different transmission modes. To achieve efficient operation we propose to 

1. Increase the MBSFN subframe ratio from 60% up to 80% (note that subframe 0 and 5 are always regular subframes and carry all the CRS symbols).

2. RRC configuration supports 3 modes: (1) All subframes are non-MBSFN (2) Only subframe 0 and 5 are MBSFN and (3) Whether a subframe is MBSFN or not is indicated dynamically to the UE [3].
Such a configuration may be indicated to the UE by reusing one bit in PCFICH or using PHICH resources (which are not used in LAA) [3]. 

3.2
Initial partial subframe, end partial subframe and regular subframe

To achieve high spectral efficiency, LAA may support initial partial subframes and end partial subframes as part of the specification. However, to reduce the complexity of eNB and UE implementation and to achieve UE power savings, we propose that

1. Support for initial and end partial subframes should be optional at the eNB and the UE. 
2. Whether a given eNB supports partial subframes or not and, if supported, the configurations that are supported, should be indicated to the UE using RRC signalling [3]. 

3.3
DRS subframes

DRS subframes [4] carry PSS/SSS/CRS and CSI-RS if configured allow for cell discovery and neighbour cell measurement. However, to accommodate the floating DRS structure in the serving cell and to support asynchronous neighbour cells, especially ones whose DMTC is not aligned with the serving cell, we propose the following 

1. PSS/SSS/CRS and CSI-RS scrambling in subframes 0,1,2,3 and 4 when it carries the DRS follows SF0 pattern

2. PSS/SSS/CRS and CSI-RS scrambling in subframes 5,6,7,8 and 9 when it carries the DRS follows SF5 pattern

3. The UE is expected to demodulate control and data channels only in those subframes where CRS scrambling is consistent with the actual subframe index.
4. PSS/SSS is transmitted only in one subframe within the DMTC

3
CSI measurement and reporting
As discussed in [5], there are several considerations for CSI measurement and reporting based on the transmission mode, type of subframe and the actual measurement resources. 
For CQI generation based on CRS, we propose to use only non-MBSFN and no partial subframes for computing CQI. In any subframe used for CRS based CQI computation, the scrambling of the CRS should be consistent with subframe index. 
Similarly for CQI generation based on CSI-RS, we propose that CSI-RS and CSI-IM only from full DL subframes are considered for computing CQI and prefer not to use initial partial subframes and end partial subframes for computing CQI due to the impact on UE processing timeline. 

It was also agreed in the RAN1#82b, to support configuring CSI-RS in DRS for the purpose of CQI measurement. As detailed in [5], this can cause significant impact to the UE timeline and implementation, the UE has to now determine which subframes contain valid DRS before further processing. To alleviate the UE implementation constraints to a certain extent, we propose that
1. Only one of CSI-RS for RSRP or channel estimation for CQI can be configured for DRS. Alternatively, if both are configured, their configuration should be re-usable for both.

2. Further we also propose to have identical configuration for periodic CSI-RS and DRS in CSI-RS and that for the purpose of computing CQI, the CSI-RS in DRS has precedence over the regular CSI-RS for computing CQI
3. In each of these cases, CSI-RS in DRS is only used for computing periodic and aperiodic reports sent at least 4ms after the end of the DMTC window. 

4 
UE signalling
To support a large number of carriers in the unlicensed spectrum, the computation load and power consumption at the UE increases significantly. Any decision considerations and optimizations to simplify UE processing and reduce power consumption should be considered for LAA. To support such UE behaviour, we propose to have
1. RRC configuration of some commonly expected MBSFN configurations.
2. Signalling the presence of end partial subframe at least one subframe before to enable UE to prepare for processing such a subframe

3. Signal the number of DL subframes in the rest of the transmission burst in each subframe. This also acts as an LAA NAV and indicate medium reservation to other nodes which decode this signaling

4. Signal the number of subframes after the end of DL transmission burst for which UE does not monitor control, data and compute CQI. This can help to save power during UL transmissions and also act as an indication of medium reservation to protect UL transmissions from hidden nodes to the UE.

5. No aperiodic CSI-RS and CSI-IM transmission

6. UE processing of all physical channels and reference signals only in subframes in which the subframe number is consistent with the scrambling used for the channels.
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