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1 Introduction
Based on RAN1 agreements, Rel-13 LAA supports periodic and aperiodic CSI. However, CSI measurement still has ambiguous points for UE implementation. In this contribution, we discuss on implementation issue for periodic and aperiodic CSI measurement and clarify right UE behavior. 
2 Discussion
Based on RAN1 agreements [1], CSI measurement is available to valid subframe, and UE cannot average CRS/CSI-RS measurement across transmission burst. For CSI report in subframe n, CSI reference resource in time domain is defined as subframe n-nCQI_ref. Subframe n-nCQI_ref is latest valid subframe which satisfies nCQI_ref > X (X=4 as default, 5 for multiple CSI processes configuration). Figure 2‑1 shows periodic CSI reporting operation for LAA. 
· ‘CSI report 1’ case 
· It is the same as legacy periodic CSI reporting. 
· ‘CSI report 2’ case
· UE cannot know whether burst transmission is existed in n-nCQI_ref subframe, so UE starts and keeps CSI measurement earlier subframe per every burst transmission as ‘Burst B’ even though UE computational complexity is increased. 

· If common PDCCH DCI index in subframe k is one of elements in the set {0, 1, 2, 3, 4, 5, 13, NAN}, CSI measurement is operated in subframe k. 
· It is also happen to aperiodic CSI reporting by configured cross-carrier scheduling (CCS-aperiodic CSI reporting). 
· If there is no valid subframe in the subframe k when aperiodic CSI reporting is triggered by cross-carrier scheduling, UE cannot report aperiodic CSI corresponding to the subframe k. In order to avoid this abnormal case, UE has to measure CSI every TTI as long as it is a valid subframe and report the latest one when there is no valid subframe as above. It however will lead to prohibitively high computational complexity. 

[image: image1.emf]CSI report 

CSI report 

CSI measurement 

(n-n

CQI_ref

)

CSI measurement 

(n-n

CQI_ref

)

Burst A Burst B Burst C

CSI report 1   CSI report 2  


Figure 2‑1 Periodic CSI report for LAA
In current RAN1 specification [2], A UE is not expected to be configured by higher layers with more than 5 CSI processes for aperiodic CSI reporting. In the case of a collision between periodic and aperiodic CSIs for the same or different downlink CCs, the periodic CSI is dropped and only the aperiodic CSI feedback is transmitted. Based on this prioritization rule, capability of 5 CSI measurement per TTI has been enough for UE regardless of the number of carrier aggregation. Considering legacy CA and LAA CA combination, more than 5 CA combinations can be introduced, and UE probably needs to be capable of measuring several CSI at a certain TTI. Figure 2‑2 shows one of the examples of CSI reporting issue for LAA CA with licensed CA. In this example, N licensed carriers and M LAA carriers are allocated to an UE. It assumes that eNB configures different CSI reporting time between licensed carriers and LAA carriers to avoid CSI reporting collision. For licensed carriers, UE measures CSI up to 5 among N carriers at the subframe (n-4) and reports the CSI at the subframe n. In this case, additional CSI measurements for LAA carriers will be required at the subframe (n-4) when common PDCCH DCI index of the corresponding subframe in the kth burst transmission upon LAA carrier is one of the elements in the set {0, 1, 2, 3, 4, 5, 13, NAN}. Because UE cannot be sure whether there is a valid subframe for CSI measurement which satisfies nCQI_ref > X before CSI reporting, subframe (n-4) in the kth burst transmission could be the last subframe. Therefore UE may have to be equipped with M CSI measurement capability as well as 5 CSI measurements capability at a certain time, and this will increase UE implementation complexity as well as power consumption significantly. 
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Figure 2‑2 Periodic CSI report for LAA
· Observation1: In UE implementation perspective, the complexity is increased by LAA periodic CSI reporting and CCS-aperiodic CSI reporting.

· Observation2: Considering periodic CSI reporting and CCS-aperiodic CSI reporting in LAA CA with legacy CA, if the number of CSI measurement in the same time can exceed 5 CSI measurements, additional complexity and power consumption by these CSI measurements will be increased. 
Based on observation with specific scenario for licensed CA and LA CA combination, we propose in order for LAA operation well;
· Proposal: To reduce UE implementation complexity and power consumption in Rel-13 LAA, we propose UE behavior options and can send LS to RAN1 with one option.
· Option1:
· Periodic CSI reporting configuration: UE is not expected to configure periodic CSI reporting in Rel-13 LAA. 

· CCS-aperiodic CSI reporting configuration: when CCS-aperiodic CSI reporting is configured in the subframe n,

· UE expects a valid subframe in the corresponding subframe n from LAA carrier.

· If there is no valid subframe in the subframe n, UE could transmit a buffered CSI or ‘out of range’ for CQI.
· Option2: If UE need to measure more than 5 CSI for licensed and LAA carriers at a certain TTI, CSI measurements for licensed carriers are prioritized over unlicensed carriers. 
· Option3: For periodic CSI reporting and CCS-aperiodic CSI reporting in subframe n, if there is no valid CSI reference resource in the subframe n, UE can transmit a buffered CSI or ‘out of range’ for CQI.
· Option4: Define UE capability to do with the number of CSI measurements UE can support at the same time. 
· e.g., 

· capability 1: 5 CSI measurements in same time 

· capability 2: more than 5 CSI measurement in the same time
3 Conclusion 
In this contribution, we discuss UE implementation issue for CSI reporting operation for LAA, and licensed CA and LAA CA combination scenario. We observe 
· Observation1: In UE implementation perspective, the complexity is increased by LAA periodic CSI reporting and CCS-aperiodic CSI reporting.

· Observation2: Considering periodic CSI reporting and CCS-aperiodic CSI reporting in LAA CA with legacy CA, if the number of CSI measurement in the same time can exceed 5 CSI measurements, additional complexity and power consumption by these CSI measurements will be increased. 

Based on observations, we propose
· Proposal: To reduce UE implementation complexity and power consumption in Rel-13 LAA, we propose UE behavior options and can send LS to RAN1 with one option.

· Option1
· Periodic CSI reporting configuration: UE is not expected to configure periodic CSI reporting in Rel-13 LAA. 

· CCS-aperiodic CSI reporting configuration: when CCS-aperiodic CSI reporting is configured in the subframe n,

· UE expects a valid subframe in the corresponding subframe n from LAA carrier.

· If there is no valid subframe in the subframe n, UE could transmit a buffered CSI or ‘out of range’ for CQI.

· Option2: If UE need to measure more than 5 CSI for licensed and LAA carriers at a certain TTI, CSI measurements for licensed carriers are prioritized over unlicensed carriers. 

· Option3: For periodic CSI reporting and CCS-aperiodic CSI reporting in subframe n, if there is no valid CSI reference resource in the subframe n, UE can transmit a buffered CSI or ‘out of range’ for CQI.

· Option4: Define UE capability to do with the number of CSI measurements UE can support at the same time. 

· e.g., 

· capability 1: 5 CSI measurements in same time 

· capability 2: more than 5 CSI measurement in the same time
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