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1
Introduction
This document discusses the CSI reference signals, measurement procedures and reporting modes for Rel-13 LAA. 
2
Determining presence of valid CSI resources 

For a UE configured with transmission modes 1,2,3,4 and 8, both the channel and interference estimates are derived from CRS and while a UE configured with TM10 both channel and interference estimates are computed using CSI-RS and CSI-IM resources. However, a UE configured with TM9 derives its channel estimates from the CSI-RS and interference estimates from the CRS. 
A UE detects the presence of valid DL transmission by detecting the CRS in symbol 0 and then determines whether the subframes is a regular subframe or an MBSFN subframe. Based on the transmission mode and the type of subframe, we propose the following for determining valid CSI resources for computing CQI.
2.1
Valid CRS for CQI

The UE determines valid CRS for computing channel and interference estimates by the following rules

1. Non-MSBFN full subframe and CRS detected in symbol 0

2. CRS scrambling in the subframe is consistent with subframe index. This implies that only CRS on subframe 0 and 5 within the DMTC may be used for computing CQI. 
a. If RAN1 agrees to use all DRS subframes for computing CRS based CQI, then we propose that CRS in DRS is used only for CQI computation only for periodic and aperiodic reports occurring at least 4 ms after the last subframe of the DMTC.
3. Partial subframes (initial and end) are not used for computing CQI 
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CSI-RS/CSI-IM configurations, scrambling and UE behaviour for LAA

In this section, we discuss the CSI-RS configurations for LAA. Based on current RAN1 agreements, three independent CSI-RS “resources” can be configured for LAA.

1. CSI-RS as part of periodic CSI-RS transmission configuration 
2. CSI-RS as part of DRS for RRM measurement
3. CSI-RS as part of DRS for channel estimates

We first discuss the collision scenarios between the three different CSI-RS configurations and then discuss the scrambling sequence to be used for CSI-RS in each transmission instance.

The CSI-RS configured as part of periodic CSI-RS transmission occurs periodically subject to LBT. The UE needs to handle the following scenarios for a subframe carrying CSI-RS. 

a) Subframe is outside DMTC and is a full subframe: If CRS is detected in symbol 0 or if the UE through knowledge of DL-UL configuration or any other means knows that the current subframe is a valid DL subframe, then the UE shall assume that CSI-RS and CSI-IM occur in that subframe.

b) Subframe is an end partial subframe: If CRS is detected in symbol 0 and signalling is present to indicate an end partial subframe, then several options have been identified for the UE to process CSI depending on how the initial partial subframe is defined. 

a. UE can assume that CSI-RS presence as determined by the DwPTS configuration of the end partial subframe
b. No CSI-RS/CSI-IM resources are transmitted in initial partial subframes and UEs need not rate match around such resources for EPDCCH/PDSCH demodulation. 

We propose to no transmit CSI-RS and CSI-IM resources in the end partial subframes and UEs need not rate match around such resources for EPDCCH/PDSCH demodulation so as to not impact CSI processing timeline. 
c) Subframe is an initial partial subframe: Several options have been identified for the UE to process CSI depending on how the initial partial subframe is defined.

a. If the initial partial subframe, is a shifted version of DwPTS (or the first slot of a subframe), UE can assume the presence of CSI-RS/CSI-IM resources as per DwPTS configuration

b. If the initial partial subframe is the second slot of a full subframe, UE can assume the presence of CSI-RS/CSI-IM resources if they are configured to occur within the second slot of a subframe and outside of the PDCCH region of the initial partial subframe.

c. No CSI-RS/CSI-IM resources are transmitted in initial partial subframes and UEs need not rate match around such resources for EPDCCH/PDSCH demodulation. 

We propose to not transmit CSI-RS/CSI-IM resources in initial partial subframes so as to not impact CSI processing timeline. 
d) Subframe is within DMTC and is a DRS subframe: There is uncertainty at the UE due to collision of CSI resources with PSS/SSS and also if the resources are configured to be in the last two symbols in the subframe. In the next sub-sections, we discuss some proposals for transmitting CSI-RS signals below.

In addition, RAN1 agreed to have possibly different CSI-RS configured as part of the DRS for channel estimation for CQI and RRM measurements. In a worst case scenario, there could be collision between one or more CSI-RS configurations for a UE, especially if the CSI-RS as part of the DRS is floating within the DMTC. 

To enable simpler configuration and management of CSI-RS processing as part of the DRS, we propose the following restrictions on CSI-RS as part of DRS for LAA SCells. 

3.1
Simplification of CSI-RS configuration as part of DRS

For a UE and a serving cell, either one of the following can be configured as part of the DRS but not both
1. CSI-RS for RRM

2. CSI-RS for channel measurement for CQI

Alternatively, the same set of resources could be used for both CSI-RS for RSRP and for channel estimation for computing CQI. For example, a subset of resources configured for computing CQI can be used for computing CSI-RS based RRM. 

There seems to be no strong benefit, other than achieving better reuse across LAA cells, to configuring different set of resources for CQI computation and RRM and hence we propose to have either one configuration for both or only allow configuration of CSI-RS for one of the purposes listed above. 

3.2
Simplification of CSI-RS configuration as part of DRS and periodic CSI-RS

It is expected that CSI-RS configured as part of DRS would be used for computing CQI for periodic and aperiodic reporting and hence the configuration of the ports of CSI-RS as part of DRS should be identical (or at least compatible) with the ports of CSI-RS as part of periodic CSI-RS transmission. To simplify UE processing, we propose the following restrictions on the CSI-RS configuration

1.  If both CSI-RS for CSI in DRS and periodic CSI-RS resources are configured for a UE, then their resource configuration must be identical. This implies that periodic CSI-RS resources cannot be configured in the last 2 OFDM symbols in a subframe. 

To facilitate this and reduce the CSI processing load at the UE during the DMTC, we also propose that CSI-RS in DRS is used only for channel measurements and only for periodic and aperiodic reports occurring at least 4ms after the last subframe of the DMTC. 
We also propose that when CSI-RS for CSI is configured in DRS and aperiodic CSI report is triggered within the DMTC window, the UE can assume the presence of CSI-RS resources, without validating the DL transmission.  
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CQI Reporting
If the UE is configured with periodic CQI reporting, then the UE reports a value of CQI based on the last valid CRS/CSI-RS resources for computing CQI in that subframe. Alternatively, the UE may also drop the periodic CQI report if did not receive CRS/CSI-RS transmissions. 

For Rel-13 LAA, with support for only DL transmissions, aperiodic CQI is reported on a PUSCH based on a grant on the licensed carrier. If UL is supported in LAA in future releases, then aperiodic CQI can be transmitted on the unlicensed carriers as well to take advantage of the large bandwidth available and reduce UL load on the PCell.  
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Conclusions 

In this document, we discussed various aspects of CSI reference signal transmission and CQI reporting modes. 

Proposal:

1. UE determines presence of valid periodic CSI resources using symbol 0 based validation and signaling
2. Define rules to determine UE behavior in using partial subframes for computing CQI
3. Support both periodic and aperiodic CQI reporting modes
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