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1 Introduction

For LAA discussion in RAN1 Adhoc meeting, the following agreement on CSI measurement and feedback was achieved [1].
· Interference measurement for CSI is not allowed outside of the serving cell transmission periods
In this contribution, further considerations and analysis on CSI measurement and feedback are provided, including support of periodic and aperiodic CSI report, RS indication to UE, interference measurement mismatch and feedback delay reduction. 
2 Discussion
Generally, CSI measurement includes channel measurement and interference measurement. CRS is used for both channel and interference measurement for transmission mode (TM) 1-8. For TM 9, non-zero power (NZP) CSI-RS can be used for channel measurement, but interference measurement is also based on CRS. For TM 10, NZP CSI-RS and CSI-IM are used for channel and interference measurement, respectively. Since these options for CSI measurement are already supported in LTE, it is straightforward for them to be also supported in LAA LTE. 
Proposal 1: CRS based CSI measurement, and CSI-RS based CSI measurement (including CRS and CSI-IM based interference measurement) could be supported in LAA LTE. 
Note that in this contribution, CSI-RS and CSI-IM are taken as an example for the detailed analysis. 
2.1 Indication of CSI-RS/CSI-IM occasions
With LBT, a UE cannot always assume existence of CSI-RS/CSI-IM with configured periodicity for CSI measurement. Therefore, it is less meaningful to support periodic CSI reporting for LAA. Or if supported, at least for some of the configured report occasions in which no valid CSI-RS/IM resource is available due to LBT-based transmission, the UE should report a pre-configured CSI index, e.g., index #0, due to the outdated CSI reference resources. 

Observation 1: It is less meaningful to support periodic CSI report. Or if supported, at least for some of the configured report occasions without valid CSI-RS/IM resources, the UE should report a pre-configured CSI index due to the outdated CSI reference resources. 

To match LBT procedure and also considering that the UE only performs CSI measurement for serving cells but not for neighbour cells (except for CoMP), when a UE could assume the existence of CSI-RS/CSI-IM and then takes the related CSI measurements could be indicated by the LAA eNB in an aperiodic way. 
One option is that aperiodic occasions for CSI-RS/CSI-IM transmission are triggered by the LAA eNB. For example, the eNB can indicate UEs of the RS transmission in the initial signal transmission for the UE to measure the CSI. Note that the indication signal could be common to UEs, so that this option would not impact the rate matching of PDSCH and EPDCCH scheduling by the aperiodically triggered CSI-RS/CSI-IM occasions. Another option is that periodic occasions for CSI-RS/CSI-IM transmission are pre-configured, and when the UE could assume that the CSI-RS/CSI-IM transmission in one of these occasions could be used for CSI measurement should be aperioidically indicated based on the LBT results. In this option, the PDSCH and EPDCCH scheduling should always assume the pre-configured CSI-RS/CSI-IM occasions for rate matching. 
Proposal 2: When a UE could assume the existence of CSI-RS/CSI-IM for the corresponding CSI measurements should be aperiodically indicated by the LAA eNB. 

What signalling is used to indicate the existence of the CSI-RS/CSI-IM to a UE also needs discussion. One alternative is reusing the UL_grant for the aperiodic CSI triggering, which could avoid introducing additional signalling. However, large signalling overhead is introduced. Normally in current LTE systems, a UE would keep continuous CSI measurements (especially the interference measurement) even if it is not triggered to report the measured CSI. The CSI report may be triggered when the traffic for the UE arrives at the eNB side. The UE may be also configured to report periodic CSI in order for the eNB to get a basic link condition for the UE even if it is not currently scheduled. The difference for LAA compared to that in current LTE is that the CSI measurement maintaining UEs need to be informed of the existence of CSI-RS/CSI-IM occasions. Therefore, if the indication of the existence of CSI-RS/CSI-IM is performed by reusing the UL_grant for aperiodic CSI triggering, a large number of UEs including current-scheduled UEs and CSI measurement maintaining UEs need to consume a large number of UL_grants. Moreover, these UL_grants may need to be carried on licensed cells which would lead to high blocking probability for control channels. 
Observation 2: Considering the typical implementation wherein both current-scheduled UEs and CSI measurement maintaining UEs need the indication of the existence of CSI-RS/CSI-IM occasions, using UL grant would lead to large signalling overhead and high blocking probability. 
Due to the issue of large UL_grant overhead, another alternative is to use a common signalling to indicate the existence of CSI-RS/CSI-IM. For example, the common signalling could be combined with the initial signal on the LAA SCell or it could be a common DCI on a licensed cell. The CSI report could be still triggered by the UL_grant. Other schemes for CSI reporting could also be considered. 
Proposal 3: Using common signalling to indicate the existence of CSI-RS/CSI-IM occasions. The detailed design for the common signalling could be FFS. 
To realize efficient CSI measurement and report, it is beneficial to guarantee at least one CSI-RS/CSI-IM occasion to be transmitted in each transmission burst. However, if the CSI-RS/CSI-IM occurs in the first subframe within one transmission burst, it may be difficult for the eNB to indicate the existence of CSI-RS/CSI-IM occasions by the signal transmitted on the licensed cell, considering that the eNB has limited or even no time to generate such a signaling. One method is to introduce a very short periodicity for the CSI-RS/CSI-IM, e.g., 2 ms periodicity, which can guarantee almost two CSI-RS/CSI-IM occasions exist even for the transmission burst with minimum 4 ms. Obviously, too much overhead is introduced by this method and thus is not preferred. 

Observation 3: It would lead to a big overhead by introducing very short periodicity for CSI-RS and CSI-IM. 

Therefore, other methods to solve the processing delay of the indication signal of the CSI-RS/CSI-IM need to be considered. For example, if the indication signal is transmitted on the same LAA SCell, e.g., by the initial signal, UE would not miss any chance of the CSI-RS/CSI-IM. Another method is that even if the indication signal 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 receives the indication signal on the licensed cell in the next subframe to confirm the validation of the previous CSI measurement, as illustrated in Figure 2. Note that in current LTE, the UE always keep continuously CSI measurements even if it is not required to report the CSI. 
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Figure 2. An example of indication of CSI-RS/CSI-IM occasions by initial signal or signal on PCell

Observation 4: If the indication signal for CSI-RS/CSI-IM is transmitted on the licensed cell, delaying the indication signal to the next subframe could solve the issue of limited or even no time to generate the indication signal. 

2.2 Interference measurement mismatch
Another issue is the measurement interference mismatch. Currently, the resources of CSI-RS and CSI-IM are independently configured. If a UE measures interference on the CSI-IM resource when the serving cell has no other transmissions, the interference measurement may be overestimated by capturing the power from the nearby WI-FI or LAA nodes, which would not be transmitting during the transmission period of the serving cell due to LBT. This issue was discussed in the Adhoc meeting and a general agreement is achieved that interference measurement for CSI is not allowed outside of the serving cell transmission periods. The transmission period of the serving cell could include the period for transmission burst of PDSCH scheduling and the period of CSI-RS/CSI-IM transmission without PDSCH scheduling, considering both current-scheduled UEs and CSI measurement maintaining UEs which also need CSI measurement discussed in section 2.1. The period of CSI-RS/CSI-IM only transmission may also exist in the duration of one DRS occasion which is discussed in the companion contribution [2]. In addition, it may be beneficial to configure the CSI-RS and CSI-IM in the same OFDM symbols, in order to avoid performing double CCA checks, especially regarding the period of CSI-RS/CSI-IM only transmission. If CSI-RS and CSI-IM are supported configured, e.g., in different OFDM symbols, either double CCA checks are needed for CSI-RS and CSI-IM respectively, or more reservation signals are needed, which introduces additional overhead. 
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Figure 1. An example of CSI-RS/CSI-IM transmission on the LAA SCell

Proposal 4: The transmission period of the serving cell when interference measurement is performed could include the period for transmission burst of PDSCH scheduling and the period of CSI-RS/CSI-IM transmission without PDSCH scheduling, i.e, CSI-RS/CSI-IM only transmission or CSI-RS/CSI-IM transmission in a DRS occasion. 
Observation 5: It is beneficial to configure the CSI-RS and CSI-IM in the same OFDM symbols to avoid double CCA checks or additional padding overhead especially regarding the period of CSI-RS/CSI-IM only transmission. 
2.3 Delay reduction for CSI feedback
Normally, there is at least 4 ms interval between the CSI reference subframe and the subframe for the related CSI feedback in LTE. For LAA, at least because of the hidden node problem, the interference to the receiving UE may change severely and rapidly in the time domain. Another motivation is that the minimum maximum duration for one transmission burst is 4 ms in Japan. Considering this situation, 4ms interval for CSI feedback may be not efficient for transmission adaptation according to the channel condition. Therefore, schemes for reduction of such 4 ms interval to feedback the related CSI faster can be considered in LAA LTE. In addition, it could also be considered to average the interference measurements among different CSI-IM occasions, in order to smooth the fast interference fluctuation on the LAA cell. 
Proposal 5: The scheme to reduce the interval between the subframe for CSI measurement and the subframe for the related CSI feedback could be considered in LAA LTE. 
3 Conclusion

In this contribution, further considerations and analysis on CSI measurement and feedback are provided, including support of periodic and aperiodic CSI report, RS indication to UE, interference measurement mismatch and feedback delay reduction. Finally, proposals are listed as following: 
Proposal 1: CRS based CSI measurement, and CSI-RS based CSI measurement (including CRS and CSI-IM based interference measurement) could be supported in LAA LTE. 
Proposal 2: When a UE could assume the existence of CSI-RS/CSI-IM for the corresponding CSI measurements should be aperiodically indicated by the LAA eNB. 

Proposal 3: Using common signalling to indicate the existence of CSI-RS/CSI-IM occasions. The detailed design for the common signalling could be FFS. 

Proposal 4: The transmission period of the serving cell when interference measurement is performed could include the period for transmission burst of PDSCH scheduling and the period of CSI-RS/CSI-IM transmission without PDSCH scheduling, i.e, CSI-RS/CSI-IM only transmission or CSI-RS/CSI-IM transmission in a DRS occasion. 
Proposal 5: The scheme to reduce the interval between the subframe for CSI measurement and the subframe for the related CSI feedback could be considered in LAA LTE. 
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