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1. Introduction
In RAN#68, the study item on licensed-assisted access (LAA) using LTE on unlicensed spectrum [1] was closed, with the technical report approved in [2]. In addition, a work item on LAA [3] was approved to specify DL-only LAA while taking into account some of the UL design. The specification work should follow the recommendations and agreements in the study item phase, and further narrow down the detailed design.
For LAA, discontinuous transmission needs to be supported due to coexistence with other networks and the listen-before-talk requirements in some regions/countries. It is important to enable an LAA carrier to support fast on/off on the subframe or multi-subframe level to improve the efficiency. One of the important issues to address for the support of fast on/off is how to support CSI measurement and reporting.
For CSI measurement, it was agreed in RAN1 LAA ad hoc meeting that
Agreement: 
· Interference measurement for CSI is not allowed outside of the serving cell transmission periods 
It was further agreed in RAN1#80bis that
Agreements:
Below is a 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.
· 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
On aperiodic CSI reporting, it was agreed in RAN1#81 to adopt Opt 3-A, that is:
Agreements: 
· Aperiodic CSI reporting can be carried on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell 
· If the PUSCH containing aperiodic CSI is scheduled on LAA SCell and cannot be transmitted in the scheduled subframe on the scheduled carrier, the aperiodic CSI based on the same scheduling grant is not transmitted in another subframe or another carrier 
· Otherwise, it is recommended to follow the existing mechanism in CA for aperiodic CSI reporting (if no issue will be identified), including potential additional Rel-13 CA enhancement(s) if no issue is identified for using Rel-13 CA enhancement(s) 
In addition, the following is agreed in RAN1#82bis:
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: 
· RAN1 recommends signaling parameters describing the potential periodic subframes for NZP CSI-RS and CSI-IM configured for CSI measurement are the same as in Rel-12 
· FFS: Aperiodic subframe case 
· FFS: DRS occasion overlapping with potential periodic subframe configured for NZP CSI-RS and CSI-IM 
· Note that this does not preclude applicability to LAA of any CSI-RS enhancements in other Rel-13 WIs

In this contribution we discuss the different options to support CSI measurement and reporting and share our views.

2. CSI Measurement
In LTE, the CSI measurement has been performed based on CRS, or CSI-RS, or CSI-RS and CSI-IM, depending on the transmission mode. For TM1 to TM8, the channel measurement is based on CRS, and the interference measurement is up to UE implementation (e.g. based on CRS). For TM9, the channel measurement is based on CSI-RS, and the interference measurement is up to UE implementation (e.g. based on CRS). For TM10, the channel measurement is based on CSI-RS, and the interference measurement is based on CSI-IM.

The interference on an LAA carrier is typically considered to have more variation compared to that on a licensed carrier due to the potential interference from a large number of nodes and bursty nature of traffic on each node on the unlicensed carrier. Because of this larger variation, it becomes more difficult to track instantaneous interference and try to adapt to the instantaneous condition. In legacy LTE system, there is a minimum of 4 ms delay between the CSI measurement and report. Even if this delay is reduced, e.g. to 2 ms, it is still quite questionable how strong the correlation is between the interference of the two subframes that are at least 3 ms apart (2ms reporting delay plus 1ms decoding/scheduling delay) given the bursty traffic.
· If the interference comes from the nodes that are out of the sensing range (including the hidden nodes), the transmission bursts from these nodes are completely independent from the burst in the serving cell. Considering two subframes that are at least 3 ms apart, there can be different nodes starting or finishing their transmission bursts between these two subframes, so the correlation of interference for these two subframes can be very weak.
· If the interference comes from a colliding transmission from a node that is within the sensing range, that could be stronger correlation between the subframes within the same burst. Two colliding transmissions start roughly at the same time, so if two bursts have the same length, they will collide for the entire transmission. This means high correlation for the interference in all the subframes, because the interference from the colliding node is typically higher than the interference from the nodes out of the sensing range and dominates the interference.
If there is a good contention window adaptation algorithm in place using LBT Cat 4, it should control the collision probability fairly well. With a low collision probability, the strong interference correlation case only occurs once a while. For majority cases, there is no strong correlation. Even though strong correlation cannot be assumed, it is still reasonable to assume a similar statistical property for the interference in the subframes which are not too far apart in time.
In addition, the accuracy of the instantaneous interference measurement may not be very good, especially if it is measured based on the few REs of a CSI-IM resource. 
The analysis above suggests that it is still more reasonable to rely on the average interference measurement, as in legacy LTE systems. The interference measured in the current transmission burst can be potentially averaged with the interference measured in the previous transmission bursts. Of course different weighting factors can be applied depending on how outdated the previous interference measurements were done.
Proposal 1: The interference measurement for CSI should be averaged and not instantaneous.

Due to the discontinuous transmission on LAA, the opportunities for the UE to make CSI measurement can no longer be guaranteed with the LBT requirement. Aperiodic CSI-RS/CSI-IM has been discussed as a possible enhancement to increase the measurement opportunites.
Aperiodic CSI-RS/CSI-IM can be embedded in the data transmission, and it can be indicated to the UE whenever it is transmitted. As already agreed, the potential subframes for CSI-RS/CSI-IM can be configured as periodic. It could occur that the potential periodic CSI-RS/CSI-IM has not been transmitted for a while. In this case, the CSI information becomes very outdated, and the scheduling decision cannot be made effectively in the first few subframes in the transmission burst. If aperiodic CSI-RS/CSI-IM is transmitted in the first subframe of a transmission burst, the eNB would be able to receive the updated CSI a bit sooner than depending on the periodic CSI-RS/CSI-IM.
Aperiodic RS could also be transmitted by itself when the channel is free. This would only make sense if the data buffer is empty, because otherwise it is more efficient to embed aperiodic RS in the data transmission. However, there is not much advantage of using aperiodic CSI-RS/CSI-IM in this case, because the eNB could also choose to send CSI-RS/CSI-IM in the configured periodic subframes. Using periodic subframes has some restriction on flexibility, but since the data buffer is empty, the restriction should not make much meaningful difference.
Another consideration is that if aperiodic CSI-RS/CSI-IM is not supported in Rel-13, it becomes more difficult to introduce it in later releases, because that would impact the Rel-13 UEs (e.g. puncturing REs).
With these considerations, we suggest supporting aperiodic CSI-RS/CSI-IM in Rel-13 LAA.
Proposal 2: Aperiodic CSI-RS/CSI-IM transmission is supported in Rel-13 LAA.

3. CSI Reporting
Periodic and aperiodic CSI reporting are supported in legacy LTE systems. Usually it is considered natural to continue to support both, but the question has been raised on whether it is still useful to support periodic CSI reporting.
With aperiodic CSI (A-CSI) reporting only, the eNB needs to trigger CSI report every time, and this is expected to occur fairly frequently. For each A-CSI report, it needs a UL grant for the triggering and PUSCH resources to transmit A-CSI. When the trigger needs to be done frequently, this is significant overhead involved. 
Periodic CSI (P-CSI) does not require any triggering, so it does not need any grant. It is carried periodically on PUCCH using preconfigured resource (or PUSCH if there is PUSCH transmission in the subframe). The major concern on P-CSI is whether periodic CSI is useful considering that the LAA carrier is not always on, so the P-CSI report can be wasted during the carrier off duration, especially when the off duration is long. This may be true in some cases. But in many other cases, P-CSI can still be useful. For example, in a typical environment, when multiple nodes with similar LBT mechanism contend for a channel, all the nodes get more or less equal access to the channel, so they roughly take turn to transmit. This means that a node will get the chance to transmit once a while (e.g. once every tens of ms). With these transmissions, the UE has the opportunities to measure the CSI. Via P-CSI feedback, the eNB always have a reasonably accurate CSI report. This saves the overhead to trigger the report as for A-CSI. So for these cases, it is still beneficial to support periodic CSI report.
In addition, LAA design targets towards low-mobility UEs, so the channel varies slowly. Given that we believe the interference measurement should be averaged (as explained above), the periodicity for CSI feedback does not need to be very small. For UEs with reasonable amount of data to be delivered (which is also the main design target for LAA), the overhead from periodic CSI reporting would be worthwhile.
When both periodic and aperiodic CSI reporting are supported, it can be left to the eNB implementation to decide which reporting mode to use. Different mode, or a combination of both, could be used in different scenarios.
Proposal 3: Both periodic and aperiodic CSI reporting should be supported (Option 2-A).


4. Conclusion
In this contribution, we have discussed CSI measurement in LAA and have the following proposals and observations:
Proposal 1: The interference measurement for CSI should be averaged and not instantaneous.
Proposal 2: Aperiodic CSI-RS/CSI-IM transmission is supported in Rel-13 LAA.
Proposal 3: Both periodic and aperiodic CSI reporting should be supported (Option 2-A).
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