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1 Introduction

An agreement on CSI measurement and feedback was achieved at the RAN1 Adhoc meeting [1]:
· Interference measurement for CSI is not allowed outside of the serving cell transmission periods
Further progress was made at RAN1#80bis with an agreed list of design options for CSI measurements, CSI reporting, and transmission schemes for LAA, for the case that LAA supports the transmission of CRS and/or CSI-RS and/or CSI-IM [2]:

· For the purpose of CSI measurement, if LAA supports CSI measurements on CSI-RS and CSI-IM (or only CSI-RS for TM9)

· NZP CSI-RS transmission may be subject to LBT

· The presence of NZP CSI-RS and CSI-IM in a subframe is indicated implicitly or explicitly

· Note: indication may or may not involve signaling

· Potential subframes for NZP CSI-RS and CSI-IM:

· Opt 1-A: The potential subframes may be occurring periodically from UE perspective

· Opt 1-B: The potential subframes may be occurring aperiodically from UE perspective

· Opt 1-C: a combination of opt 1-A and opt 1-B

· Note: same or different options for NZP CSI-RS and CSI-IM is not precluded

· For the purpose of CSI measurement, if LAA supports CSI measurements on CRS

· CRS transmission may be subject to LBT

· The presence of CRS in a subframe is indicated implicitly or explicitly

· Note: indication may or may not involve signaling

· The following CSI reporting options have been identified

· Opt 2-A: Support for both aperiodic and periodic CSI reporting for an LAA Scell

· Opt 2-B: Support only for aperiodic CSI reporting for an LAA SCell

· For aperiodic CSI reporting:

· Opt 3-A: Aperiodic CSI can be reported on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell

· Opt 3-B: Aperiodic CSI can only be reported on PUSCH on a carrier in licensed spectrum

· The following options for supported transmission schemes have been identified

· Opt 4-A: DMRS-based demodulation and CRS-based demodulation for PDSCH

· Opt 4-B: Only DMRS-based demodulation for PDSCH

· Further down selection of the supported transmission schemes is possible for the options above

The technical report has text on the options above, without going into the details of the pros and cons of each option. In this contribution, further considerations and analysis on the options above are provided, mainly focusing on the design for supporting a DMRS-based transmission scheme.
2 Discussion on Transmission Schemes for LAA

An LAA SCell will mainly be used for scheduling best-effort traffic, while under good channel conditions some delay sensitive traffic could also be scheduled. When an LAA SCell becomes less reliable, it is natural to route the traffic on a licensed carrier rather than continuing to schedule UEs on the LAA SCell with a robust transmit diversity scheme. It is thus not essential to support a fallback transmission scheme for LAA (which would also save UE blind decoding efforts). LAA should operate with one very spectrally efficient transmission scheme. Demodulation on UE-specific RS is preferred; this transmission scheme would also support enhancements for 3D beamforming in Rel-13. Demodulation on CRS could still be supported. Both transmission schemes do not need to be configured simultaneously to different UEs or in the same transmission mode.
Proposal 1: PDSCH demodulation on UE-specific RS is supported on an LAA SCell. 
Since PDSCH would be demodulated on UE-specific RS, the overhead from CRS could be minimized accounting for the fact that CRS would not be used for channel estimation. Some CRS may still be needed to help with synchronization and phase tracking, which requires at least one CRS port. More analysis on the CRS time and frequency density required for synchronization can be found in our companion contribution [3]. CRS may also be needed for receiving PDCCH with two CRS ports on an LAA SCell, unless only EPDCCH is used to receive control on an LAA SCell. CRS used for RSRP measurements in the DRS would not be present in all subframes, but a UE should rate match around its serving cell’s CRS in the DRS.

Proposal 2: CRS overhead should be minimized on an LAA SCell, taking into account the need for fine time/frequency synchronization, CRS used to demodulate PDCCH, and CRS in the DRS.

3 CSI Measurements
3.1 Indication of CSI-RS/CSI-IM occasions

This section analyzes design options for the case that reception of NZP CSI-RS and CSI-IM are subject to LBT. As agreed at the Paris ad-hoc meeting, CSI-IM can only be present in a transmission burst, thus CSI-IM may also be subject to LBT. In this section, we consider the potential subframes for NZP CSI-RS and CSI-IM, and the indication of the presence of NZP CSI-RS and CSI-IM.
The potential occasions to receive NZP CSI-RS and CSI-IM may be in periodic subframes. In order to increase the probability to receive NZP CSI-RS and CSI-IM within one data burst considering restrictions to the maximum channel occupancy time (the most stringent is 4 ms in Japan), it would be necessary to reduce the period of potential subframes to be smaller than the current 5 ms. A period of 2 ms would be necessary and sufficient to guarantee at least one transmission during a transmission burst of 4 ms that may only contain 3 full subframes. Otherwise there could be no restrictions to the potential subframes, which could result in double the number of potential subframes compared to a 2-ms periodicity, depending on the method used for indicating the presence of CSI-RS. In either case, an indication of the presence of NZP CSI-RS and CSI-IM is necessary for the UE to measure only when LBT was successful. If a 2-ms periodicity of CSI-RS is introduced for LAA, it might be useful to not transmit CSI-RS on every potential occasion in order to control the overhead.
The following options can be considered for implicitly or explicitly indicating the presence of NZP CSI-RS and CSI-IM to UEs served by an LAA SCell. Note that Alt-C is not exclusive with Alt-A and Alt-B.
Table 1 – Indication options for the presence of NZP CSI-RS and CSI-IM
	
	Common DCI
	UL grant with aperiodic CSI feedback request
	UE detection of the start of the DL transmission burst

	Alt-A

In each data burst, in pre-determined subframe
	DCI indicates start of data burst
	UL grant indicates CQI reference resource in same subframe
	Every UE detects preamble in initial signal or the first PDCCH/EPDCCH

	Alt-B

Only in data burst, in random subframe
	DCI indicates presence of CSI-RS and CSI-IM in data burst
	UL grant indicates CQI reference resource in same subframe
	DCI for each UE indicates presence of CSI-RS and CSI-IM

	Alt-C

Outside data burst  (e.g. with DRS or just NZP CSI-RS)
	DCI indicates presence of CSI-RS and CSI-IM in a subframe
	UL grant (e.g. on a licensed carrier) indicates CQI reference resource in same subframe
	NZP CSI-RS always transmitted in DRS of UE’s serving cell


If periodic CSI reporting is supported on LAA SCell, then a common indication to all UEs would be needed. If only aperiodic CSI reporting is supported, one question is whether to allow all UEs to measure CSI when an opportunity to measure is present, or only allow UEs with a CSI request to measure CSI. It should be clear that using an uplink grant just to inform each UE of the presence of CSI-RS is not an efficient method since it would incur too much control overhead. Allowing UEs to measure at all opportunities can help better UE implementations to obtain better channel measurements. 
Proposal 3: LAA should support a common indication of the presence of NZP CSI-RS and CSI-IM.
If common signalling is transmitted on the same LAA SCell by e.g. initial signal, the UE can determine the presence of CSI-RS and CSI-IM in the same subframe as the initial signal. If the signalling is transmitted on the licensed cell, the UE could first buffer the potential CSI-RS/CSI-IM resources and perform the CSI measurement, and then receive the signalling on the licensed cell in the next subframe to confirm the validation of the previous CSI measurement, as illustrated in Figure 1. 


[image: image1.emf]Tx burst

... ...

... ... ...

LAA SCell

... ...

PCell

...

... ...

Initial signal Indication signal


Figure 1. An example of indication of CSI-RS/CSI-IM occasions by initial signal or signal on PCell

Proposal 4: The presence of NZP CSI-RS and CSI-IM on an LAA Scell can be signalled on a licensed cell with an indication of the subframe that contains the NZP CSI-RS and CSI-IM.
Since both channel measurements and interference measurements may be subject to LBT, it would be desirable that opportunities for measuring both the channel and the interference occur simultaneously.

Proposal 5: Opportunities for measuring the channel and the interference occur simultaneously. 

3.2 CSI reporting for LAA
From the network perspective, it is desirable to obtain timely CSI measurements from UEs. Typically this is obtained by periodic CSI on licensed carriers, although to reduce overhead this periodic CSI may be configured with a relatively long period. When the network needs more accurate CSI, an aperiodic CSI request is sent to selected UEs. If periodic reporting of CSI is supported on an LAA SCell, at least some of the configured reports will have no valid CQI reference resource due to LBT. The UE should then report a pre-configured CSI index, e.g., index #0.
Aperiodic CSI reporting could be provided with one of the following options:

· Option 1: an uplink grant dynamically allocates a PUSCH resource for CSI reporting

· Option 2: resources for reporting CSI are reserved at periodic subframes

· Option 2-1: PUCCH

· Option 2-2: PUSCH

Option 1 follows the legacy method for reporting aperiodic CSI. Option 2 does not mean that PUSCH or PUCCH is always transmitted periodically, since uplink transmissions may be subject to LBT. Option 2 does not mean that if PUSCH or PUCCH is transmitted, that it would necessary contain a CSI report for all requested LAA SCell. For example, if a valid CSI reference resource was not identified for one LAA SCell, the UE should report a pre-configured CSI index, e.g., index #0. If common signalling is used to indicate the existence of CSI-RS/CSI-IM, then using UL_grant to trigger the aperiodic CSI report is more straightforward. 
Proposal 6: If periodic CSI reporting is supported for an LAA SCell, or if aperiodic CSI reporting uses periodic reserved resources, then the UE should report a pre-configured CSI index at least for the configured report occasions without valid CSI-RS/IM resources. 
4 Conclusion

In this contribution, further considerations and analysis on CSI measurement and feedback are provided, Finally, proposals are listed as following: 
Proposal 1: PDSCH demodulation on UE-specific RS is supported on an LAA SCell.
Proposal 2: CRS overhead should be minimized on an LAA SCell, taking into account the need for fine time/frequency synchronization, CRS used to demodulate PDCCH, and CRS in the DRS.

Proposal 3: LAA should support a common indication of the presence of NZP CSI-RS and CSI-IM.

Proposal 4: The presence of NZP CSI-RS and CSI-IM on an LAA Scell can be signalled on a licensed cell with an indication of the subframe that contains the NZP CSI-RS and CSI-IM.

Proposal 5: Opportunities for measuring the channel and the interference occur simultaneously. 

Proposal 6: If periodic CSI reporting is supported for an LAA SCell, or if aperiodic CSI reporting uses periodic reserved resources, then the UE should report a pre-configured CSI index at least for the configured report occasions without valid CSI-RS/IM resources. 
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