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1. Introduction
In RAN4 #78, RAN4 had first discussion on LAA performance requirements and WF in [1] was agreed. For CSI feedback, following agreements were reached. 

· The following test purposes can be considered for the LAA CSI test:
· UE should not average CRS/CSI-RS measurements across transmission bursts.
· UE should find the right CSI reference resource in FS3
· Other purposes are not precluded
· At least one CSI test for CRS based transmission scheme and at least one CSI test for DMRS based transmission scheme
· For other CSI test case, it is FFS
· CQI feedback mode
· Option 1: Introduce the aperiodic CQI test
· Option 2: Introduce the periodic CQI test
· Transmission mode
· Option 1: consider TM3 and TM9
· Option 2: consider TM2 and TM9
· Other options are not precluded
In this contribution, we provide our view on CQI test framework for LAA. 

2. Discussion

2.1. CSI measurement in LAA SCell
In LAA SCell, downlink transmission from eNB is contingent on LBT (listen before talk) operation at eNB. This leads to discontinuous burst transmission in which start subframe of burst and burst length is random for each transmission burst. Under such bursty transmission environment, CSI measurement and feedback for LAA SCell would be different from legacy LTE serving cell. In TS 36.213, following was specified for CSI measurement in LAA Scell. 
For a LAA Scell, 

-
for channel measurements, if the UE averages CRS/CSI-RS measurements from multiple subframes

-
the UE should not average CSI-RS measurement in subframe n1 with CSI-RS measurement in subframe n2, if any OFDM symbol of subframe n1 or any subframe between subframe n1 and subframe n2, is not occupied.

-
the UE should not average CRS measurement in subframe n1 with CRS measurement in subframe n2, if any OFDM symbol of the second slot of subframe n1 or any subframe between subframe n1 and subframe n2, is not occupied.

-
for interference measurements, the UE shall derive the interference measurements for computing the CQI value based on only measurements in subframes with occupied OFDM symbols.
A subframe in a serving cell shall be considered to be a valid downlink or a valid special subframe if:
 …
-
except if the serving cell is a LAA Scell, and at least one OFDM symbol in the subframe is not occupied.

-
except if the serving cell is a LAA Scell, and 
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as described in sub clause 6.10.1.1 in [3].
RAN1 specification indicates that

· UE should not average CRS and CSI-RS channel measurement across transmission bursts. 
· CRS or CRS-IM for interference measurement should be in subframe within transmission burst. 
· UE cannot measure CSI in initial partial subframe and end partial subframe.
· UE cannot measure CSI in standalone DRS that falls outside subframe 0 and 5. 

For CSI feedback in LAA Scell, UE always relies on uplink in Pcell for CSI feedback. Therefore, CSI feedback procedure is same as legacy operation. The only difference is uncertainty in available CSI measurement subframe due to DTX. This can be problematic especially for periodic CSI reporting since UE is required to report CSI in periodic subframes even when there is no valid CSI measurement subframe for long time. UE sometimes has to report staled CSI that was measured long time ago. 
Observation 1. For periodic CSI reporting, CSI reporting can be outdated when there is no valid CSI measurement subframe for long time. 

Furthermore, uncertainty in CSI measurement subframe can lead to CQI mismatch when eNB applies dynamic power allocation in LAA downlink transmission. When DL transmission power varies across transmission burst, eNB and UE need to have same understanding on which subframe is used for CSI measurement so that eNB can adjust CQI based on power allocation difference between CSI measurement subframe and PDSCH scheduling subframe. For example, when CGI reporting is triggered, UE can open an autonomous gap for CGI reading while eNB is not aware of exact gap timing. Under such operation, periodic CQI reporting can lead to CQI mismatch. 
Observation 2. For periodic CSI reporting, there can be CQI mismatch when eNB applies dynamic power allocation in LAA downlink transmission. 
On the other hand, CSI measurement and reporting in aperiodic CSI feedback is more reliable and predictable. For aperiodic CSI reporting, CSI reporting is triggered by DCI for PUSCH scheduling. UE can always use subframe including DCI 0 as CSI measurement subframe. For TM9/10, eNB can trigger aperiodic CSI reporting in CSI-RS subframe so that UE can use CSI-RS in DCI 0 subframe for CSI measurement. Therefore, CSI feedback for aperiodic CSI reporting is always up to date. When eNB applies dynamic power allocation, there would be no CQI mismatch issue between eNB and UE since there is no ambiguity regarding CSI measurement subframe. 
Observation 3. For aperiodic CSI reporting, UE can always provide up to date CSI reporting and there is no CQI mismatch issue when eNB applies dynamic power allocation. 

Proposal 1. Specify CQI reporting requirement in LAA Scell for aperiodic CSI reporting mode. 
2.2. CQI test framework

Main test purpose of LAA CQI test is to verify that UE is not averaging CRS/CSI-RS measurements across transmission bursts. CQI test with varying burst power can be considered to verify new CSI reporting behavior of LAA UE. Here’s high level framework for CQI test with dynamic burst power allocation.  

· TM3 and TM9 CQI definition test is used as baseline to verify CRS and CSI-RS based CQI feedback.

· Static channel configured between eNB and UE with 2x2 antenna configuration. 

· Define DL burst transmission model based on Poisson arrival process. Number of subframes in a transmission burst is fixed to 8.

· Initial and end subframe are full subframes. 

· DMTC period is set to 160ms. DRS is transmitted in every DMTC window. 

· Power of DRS and DL transmission burst is constant over one DMTC period but changes between DMTC period among {0dB, -6dB, +6dB}. 

· Aperiodic CSI feedback is triggered in the second subframe of each transmission burst.

· For TM3 test, UE can measure and report correct CQI in first transmission burst.  TE transmits PDSCH to the UE according to CQI feedback from second transmission burst in each DMTC period. 
· In TM9, with CSI-RS scheduled in every 5ms, UE can measure and report correct CQI at least in second transmission burst.  TE transmits PDSCH to the UE according to CQI feedback from third transmission burst in each DMTC period. 

Proposal 2. Consider TM3 and TM9 CQI definition test with bursty DL transmission with dynamic power allocation. 

3. Conclusions

In this contribution, we provided our view on LAA CQI test framework. Our observations and proposals are
Observation 1. For periodic CSI reporting, CSI reporting can be outdated when there is no valid CSI measurement subframe for long time. 

Observation 2. For periodic CSI reporting, there can be CQI mismatch when eNB applies dynamic power allocation in LAA downlink transmission. 

Observation 3. For aperiodic CSI reporting, UE can always provide up to date CSI reporting and there is no CQI mismatch issue when eNB applies dynamic power allocation. 

Proposal 1. Specify CQI reporting requirement in LAA Scell for aperiodic CSI reporting mode. 

Proposal 2. Consider TM3 and TM9 CQI definition test with bursty DL transmission with dynamic power allocation. 
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