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1 Introduction
In RAN1#79, the agreements for the Study Item on Licensed-Assisted Access (LAA) included the following [1]:

Agreements:
· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band
· RRM measurement including cell identification
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
This contribution presents PHY-layer solutions for how to perform measurement and reporting of CSI for an LAA SCell. 
2 Discussion
Handling CSI measurements on LAA SCells needs to be handled with some care. The CSI measurements consist of two different measurement resources, i.e. CSI-RS and CSI-IM. The reason is that CSI measurement opportunities at the UE will be much more difficult to obtain when operating an LAA SCell because the eNB needs to perform LBT before transmitting CSI-RS. One possibility is to extend the CSI-RS design so that the UE is configured to expect CSI-RS in a subframe or a set of subframes with a configured periodicity and offset. The eNB then performs LBT on CSI-RS and the UE would need to blindly detect the presence of the CSI-RS. It is however notable that it is very difficult to get a good blind detection of a single CSI-RS resource. The risk of false alarms when detecting the presence of CSI-RS is high, i.e. the situation where the UE believes that the eNB has transmitted the CSI-RS but the eNB has not. 
Observation

· The presence of a specific CSI-RS needs to be indicated to the UE.
Before discussing more on the different approaches on CSI-RS transmissions, we first discuss the value of periodic and aperiodic CSI reports for LAA SCells. It is assumed that the interference conditions may be very variable on an LAA SCell over time. At the same time, the scenario that is considered is a very low mobility scenario. The underlying spatial properties and channel quality (if the interference conditions are excluded) is hence rather static over time. At the same time, it is assumed that the LAA SCell will mainly be used to expand the data rate, i.e. if the eNB has large amount of DL data to schedule to UE the eNB will utilise LAA SCells. Correspondlingly, the LAA SCell will be used for a significant amount of time before the eNB has emptied its transmission buffer. Due to this, it is unlikely that the eNB will activate LAA SCells without scheduling data on them for a long period of time. Periodic CSI reports are mainly used to get a good starting point for the link adapation and scheduling and when data is being contintuously scheduled the resolution of the periodic CSI report is not good enough. This is because the level of resolution in the periodic CSI feedback is not good enough to provide reliable scheduling of high date rate. In addition, the reliable transmission of reference signals for CSI in a periodic manner on the unlicensed band will not be possible due to a potential lack of access to the channel. Due to all of the above reasons the most practical approach would be to rely only on aperiodic CSI reports for LAA SCell. 
Proposal

· LAA SCells do not support periodic CSI reports, but do support aperiodic CSI reports.
Going back to the need for the CSI-RS presence to be indicated to the UE, this needs to be done with minimal delay as the eNB will decide in a very short time frame whether or not to transmit a specific set of subframe(s). 
It is possible to introduce a specific indicator that indicates the presence of the CSI-RS, as for example a specific DCI message that is scrambled with specific RNTI and indicates the presence of CSI-RS on a specific carrier or group of carriers. This would require that the message is sent on a search space that is common for many UEs, e.g. on Pcell. This together with the DCI message could indicate which SCell the message applies to and potentially when in time. 

A different approach is that the presence of the CSI-RS is indicated to the UE receiving the UL Grant which indicates that an aperiodic CSI message should be sent for the specific cell. In case the UL Grant is sent on the SCell that the aperiodic CSI report is triggered for, it is easy for the eNB to ensure that CSI-RS is transmitted together with the UL grant. If, however, the UL grant indicates an aperiodic CSI-RS report for a different cell than the one the UL grant is sent on, it may not be possible to transmit CSI-RS in the very first subframe after the eNB has occupied the channel due to the very short processing time available between the successful LBT on the carrier for which reporting is to be done and the transmission time of the UL grant on a different carrier. If, however, the subframe is a later subframe within the eNBs’ TxOP the eNB can have more processing time to indicate the presence of the CSI-RS on the SCell that the UL Grant is sent on. 

The CSI-RS framework is a UE specific framework, i.e. a specific UE is not aware of other UEs CSI-RS. Furthermore, the CSI-RS are configured currently by a specific periodicity and offset. In addition there are three CSI processes defined for CSI measurements. 

Per CSI process, the UE would need to be configured with a rather short periodicity of CSI-RS as the eNB can not guarantee to succeed with LBT for a longer periodicity based CSI-RS configuration. More specifically there is a relationship between the TxOP used by the eNB and the CSI-RS configuration. If the periodicity of the CSI-RS can ensure that a single CSI-RS occasion is within a TxOP that the eNB operates, the CSI-RS can occur at any time occasion within the TxOP. If the CSI-RS would occur in the first subframe and potentially second subframe of the TxOP it could be difficult for the eNB to be able to indicate accurately that the CSI-RS is present on any other carrier than on the same carrier as the UL Grant is sent on, due to processing delay. In that sense, it would be easier to operate CSI-RS configurations if at least two CSI-RS occasion occur within a single TxOP occasion with maximum difference in time between them. This ensures that the there is always a CSI-RS resource occasion that is possible for the eNB to indicate to the UE to measure on. The currently defined CSI-RS preiodicities are 5, 10, 20, 40 and 80 ms. The mainly considered TxOP values in the LAA design are currently 4 and 10 ms. A  CSI-RS with a periodicity of 5 ms can be supported with a TxOP of 10 ms. This assumes that the CSI-RS can occur in any subframe within the TxOP. It is worth noting here that DwPTS does not support CSI-RS configurations so that, if the last DL subframe is corresponding to a DwPTS subframe, a CSI-RS configuration for such a subframe needs to be defined. For a TxOP of 4 ms, a new tighter periodicity of CSI-RS needs to be introduced. This is to ensure the presence of two CSI-RS occasions within the TxOP. For the case of only having a single CSI-RS occasion within a 4 ms TxOP, a 4 ms periodicity is sufficient and for double CSI-RS occasion 2 ms periodicity is required. To simplify the eNB processing it is proposed to allow that there are at least two CSI-RS occasions within the applicable TxOP for LAA. 
Proposal

· Introduce a CSI-RS periodicity of 2 ms.
Given that there are multiple CSI-RS occasions within the TxOP either of the above two discussed solutions for indicating the presence of the CSI-RS are possible. It is however noted that the first approach is based on a specific RNTI that is broadcast and the second approach is based on the eNB transmitting an UL Grant  per UE. The first solution would need the use of a common search to indicate the message, which is a limited resource. The second approach however assumes that the number of scheduled UEs is rather low. The last assumption is motivated by the LAA SCell being a small cell and hence not serving as many UEs as a macro cell. 
Proposal

· The presence of CSI-RS is indicated by a UL grant triggering an aperiodic CSI report for the indicated SCell.
The other component of the CSI measurement is the interference measurement. To accurately represent the interference conditions when data is transmitted to the UE, it would be beneficial if the interference is measured on CSI-IM when the serving SCell is transmitting. The simplest approach is that the interference is measured on CSI-IM resources at the same time when the UE performs measurements on the CSI-RS.
Proposal

· The UE can conduct interference measurements for the purpose of CSI reporting on CSI-IM resource in the same time occasions as when the UE does measurements on CSI-RS.
There is a risk that two different transmitting entities, either eNB, UEs, ST or APs collide over the air and both grab the channel. If the UE would in such an occasion measure on a CSI-RS and CSI-IM the measurement would be very noisy and not represent the general conditions of the channel. Within the current LTE design it is allowed for the UE to average CSI-RS and CSI-IM measurements across different CSI-RS and CSI-IM occasions. If this occurs in the above situation, the measurement error will propagate in time and would not correspond to the actual CSI at the time of a successful transmission. It is therefore preferred to limit CSI-RS and CSI-IM measurements to a single CSI-RS and CSI-IM occasion and not allow averaging over time.
Proposal
· CSI-RS and CSI-IM measurements are only based on one CSI-RS and CSI-IM occasion.
3 Conclusion

In this contribution CSI measurements for an LAA SCell were discussed and based on the discussion in the contribution, the following are proposed:
· LAA SCells do not support periodic CSI reports, but do support aperiodic CSI reports

· Introduce a CSI-RS periodicity of 2 ms

· The presence of CSI-RS is indicated by a UL grant triggering an aperiodic CSI report for the indicated SCell

· The UE can conduct interference measurements for the purpose of CSI reporting on CSI-IM resource in the same time occasions as when the UE does measurements on CSI-RS.CSI-RS and CSI-IM measurements are only based on one CSI-RS and CSI-IM occasion
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