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1. Introduction
In RAN4 #78bis, RAN4 had further discussion on LAA performance requirements and WF in [1] was agreed. In this contribution, we provide further discussion on open issues for LAA demodulation performance requirements. 
2. Discussion

2.1. Pcell configuration

In WF [1], it was agreed to specify LAA PDSCH demodulation test as CA test with one Pcell with 1.4MHz~20MHz system bandwidth and one LAA Scell with 20MHz system bandwidth. For Pcell, it was also agreed that both FDD Pcell and TDD Pcell is covered. As captured in WF, it would be desirable to reuse one of existing CA demodulation tests for Pcell to save simulation work in RAN4. Among TM3 and TM4 test, we prefer TM3 test since TM3 is mostly commonly used TM in LTE network and also requires less number of antenna than TM4 test. 
Proposal 1. For Pcell, reuse existing TM3 demodulation test configuration and requirement for CA specified in 8.2.1.3.1 for FDD and 8.2.2.3.1 for TDD.
2.2. LAA Scell transmission mode
For TM selection for LAA Scell, there was consensus that both CRS and DM-RS TM should be covered. In WF [1], following options were identified. 

· Option 1: TM3 4x2, TM9 2x2(Qualcomm)

· Option 2: TM3 2x2, TM9 4x2(Intel and LGE, Qualcomm)

· Option 3: TM3 2x2, TM4 4x2, TM9 2x2 (Ericsson, Huawei)
In previous meeting, test purposes for LAA demodulation tests are identified as

· Verify the (e)PDCCH/PDSCH performance for bursty DL transmission that can be start at random subframe
· Verify AGC/FTL/TTL tracking loop and CRS channel estimation performance with bursty CRS transmission.
· Verify the (e)PDCCH/PDSCH performance when the channels are in the initial partial subframe if UE support demodulation of initial partial subframe
· Verify the (e)PDCCH/PDSCH performance when the channels are in the end partial subframe
With respect to test purposes, if TM3 or TM4 test is specified, we can assume all of identified test purposes were fulfilled. Therefore, specifying two test for CRS TM would be redundant. If channel estimation for CRS port 2/3 is a concern, we can configure 4 CRS port for CRS TM test. For CRS TM, good demodulation performance with 4 CRS ports would guarantee also good demodulation performance with 2 CRS ports. 
Proposal 2. For CRS TM, introduce TM3 test with 4x2 antenna configuration. 

For DM-RS TM, it was agreed to introduce TM9 test. For TM9 demodulation test, we need to clarify antenna configuration and precoding scheme. We would like to propose TM9 test with random precoding since
· Random precoding is used for most of TM9 demodulation test. 
· PDSCH throughput performance with PMI feedback would be hard to align due to random delay between PMI measurement and PMI feedback under bursty transmission configuration in LAA test setup. 
With random precoding, we would like to propose 2x2 antenna configuration for TM9 test. 
Proposal 3. For TM9 test, employ random precoding with 2x2 antenna configuration. For precoding, consider 1 PRG granularity in frequency domain and 1 ms granularity in time domain. 
2.3. MBSFN subframe configuration
In Rel-13 LAA design, MBSFN subframe can be configured by RRC signaling. Purpose of MBSFN subframe configuration is to reduce CRS overhead for DM-RS PDSCH transmission. Since RAN4 already agreed to modify TM9 demodulation test to verify PDSCH demodulation performance in MBSFN subframe, it would be redundant to configure MBSFN subframe also in LAA demodulation test.
Compared to non-LAA operation, MBSFN subframe configuration has two different aspect. Firstly, in LAA SCell, MBSFN subframe can be configured up to 8 subframe in a radio frame while up to 6 subframes can be configured in non-LAA LTE cell. Since it is RRC configured, we expect that it would have minor impact on UE implementation. Secondly, extreme MBSFN subframe configuration like 8 subframe in one radio frame can lead to very sparse CRS transmission and thus unstable tracking loop behavior. In legacy LTE cell, 2 subframes with full CRS are available in every 5 subframe. Therefore, UE can still maintain reasonably good tracking loop using those full CRS subframes. However, in LAA Scell, if MBSFN is configured over 8 subframe, UE could get very sparse full CRS subframe if transmission in subframe 0 or 5 is blocked by LBT. 
Proposal 4. For MBSFN subframe in TM9 test, consider following options for MBSFN subframe configuration. 
· Option 1: MBSFN subframe is not configured. 
· Option 2: MBSFN is configured in subframe 4 and 9. 

2.4. UE capability for initial and end partial SF

RAN1 discussed Rel-13 UE feature list and sent out LS [2]. Feature group 3-2 is for LAA end partial subframe support and feature group 3-3 is for LAA initial partial subframe support. RAN1 agreed to specify initial partial subframe support as optional feature but it is still TBD whether end partial subframe support would be mandatory or optional for LAA UE. Considering that demodulation of initial subframe is optional and demodulation of end partial subframe can also be optional depending on RAN1 decision, it would be desirable to define LAA demodulation test so that LAA UE with different capabilities can be covered. 

When initial subframe is supported by UE, UE should be able to detect CRS port on either symbol 0 or 7. This can be verified by making TE select start symbol for initial subframe randomly from {0, 7}. When end partial subframe is supported by UE, UE should be able to determine end partial subframe type based on common PDCCH decoding and demodulate end partial subframe accordingly. This functionality can be verified by making TE select number of OFDM symbols in end subframe randomly from {3, 6, 12, 14}. 
Proposal 5. Define LAA demodulation test so that LAA UE with different capabilities regarding initial and end partial subframe demodulation can be covered. 

2.5. Control channel configuration

For PDSCH demodulation, UE first needs to decode DL control channel to extract PDSCH scheduling information. Therefore, we can assume that functional aspect of control channel demodulation is implicitly verified through PDSCH demodulation test. For any new feature, RAN4 introduces control channel demodulation performance requirement only when support of new feature leads to completely different control channel demodulation performance that can not be verified by PDSCH demodulation requirements. One example is 4 Rx UE, for which RAN4 specified new control channel performance requirements. 

For LAA SCell demodulation, UE receiver processing for control channel demodulation is same once UE detects burst based on symbol 0 CRS port detection. Burst transmission could have some impact on tracking loop and CRS channel estimation. However, we can verify these aspects by PDSCH demodulation test. 

Proposal 6. Implicitly verify PDCCH and EPDCCH demodulation functionality via PDSCH demodulation tests.

2.6. Burst transmission model
Multiple proposals for burst transmission model were discussed in RAN4 #78bis and following options were captured in WF [3] as candidates for further investigation. 
· Option 1: random burst model
· Select the number of subframes randomly from {1,3,5,8} with equal probability

· If initial partial subframe is supported by UE, select start symbol for initial subframe randomly from {0, 7} with equal probability. Otherwise, start symbol of initial subframe is always 0. 

· If end partial subframe is supported by UE, select number of OFDM symbols in end subframe randomly from {3,6,12,14} with equal probability. Otherwise, end subframe always has 14 OFDM symbols. 

· If the said decided burst format is not valid according to RAN1 specification, the number of subframes will be re-selected until a valid burst format is selected
· At the end of each transmitted/muted burst

· TE determines burst format

· TE generates a uniform random variable from [0, 1]

· If random variable is less than p=[0.5]

· If both end subframe of previous burst and initial subframe of new burst is full subframe, start burst transmission after deferring one subframe

· Otherwise, start transmission from the latest start symbol determined from the determined burst format

· Otherwise, mute burst transmission

· Muting duration is same as number of subframe for determined burst format
· Option 2: pattern based model
· Transmitting burst periodically with a fixed periodicity and the fixed test duration is selected randomly.

· Fixed burst transmission length

· Fixed total transmitting TB sizes within on Burst
· Sweep the burst patterns in order or randomly select pattern for each periodicity
Option 1 has the benefit of fully emulating randomness of LAA burst transmission. Concern from proponents of option 2 is that, with option 1, it is impossible to specify performance requirement in terms of absolute throughput number. Our view is that RAN4 can still specify performance requirement in terms of relative throughput without specifying exact FRC. 
With option 2, we can specify absolute throughput averaged over all burst patterns assuming that each pattern is transmitted with equal probability. If we indeed want to specify exact absolute throughput number, random selection of pattern should be precluded. Main challenge with option 2 is that RAN4 needs to specify a large set of burst pattern to emulate enough randomness of LAA burst transmission. It would be very tedious to specify such pattern and implement that for simulation alignment. 
Proposal 7. Employ random burst model for LAA Scell transmission. 

3. Conclusions

In this contribution, we provided further discussion on open issues for LAA demodulation performance requirements. Our proposals are 

Proposal 1. For Pcell, reuse existing TM3 demodulation test configuration and requirement for CA specified in 8.2.1.3.1 for FDD and 8.2.2.3.1 for TDD.

Proposal 2. For CRS TM, introduce TM3 test with 4x2 antenna configuration. 

Proposal 3. For TM9 test, employ random precoding with 2x2 antenna configuration. For precoding, consider 1 PRG granularity in frequency domain and 1 ms granularity in time domain. 

Proposal 4. For MBSFN subframe in TM9 test, consider following options for MBSFN subframe configuration. 

· Option 1: MBSFN subframe is not configured. 

· Option 2: MBSFN is configured in subframe 4 and 9. 

Proposal 5. Define LAA demodulation test so that LAA UE with different capabilities regarding initial and end partial subframe demodulation can be covered. 

Proposal 6. Implicitly verify PDCCH and EPDCCH demodulation functionality via PDSCH demodulation tests.

Proposal 7. Employ random burst model for LAA Scell transmission. 
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