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1   Introduction
In RAN4 meeting #79, one way forward for LAA demodulation performance requirements was agreed in [1]. But there are still some remaining issues left. In this contribution, we try to address those issues.
2   Previous agreement
In [1] the agreements on LAA demodulation performance requirements are provided as below. And we highlight the remaining open issues by yellow.
· General:

· Introduce new PDSCH tests in CA mode for Rel-13 LAA with

· 1 PCell  with 1.4MHz ~20MHz  BW + 1 LAA SCell both with 20MHz BW;

· Both FDD PCell and TDD PCell should be covered;

· Both PCell and LAA SCell should be verified.

· Tests for full, initial and ending partial SFs

· Test Scenarios to be defined: 

· Test Scenario 1: full subframe only;

· Test Scenario 2:  full subframe + ending partial subframe;

· Test Scenario 3: Initial partial subframe + full subframe;

· Test Scenario 4: Initial partial subframe + full subframe + ending partial subframe. 

· RAN4 will define different tests for different capabilities. UEs will be tested based on its capability with the understanding that one test scenario is applied for a specific UE. 

· It is also subject to RAN1 decision whether ending partial subframe will be mandatory or optional. 
· (e)PDCCH performance verification: 
· Option 1: Explicitly
· Option 2: Implicitly verify the (e)PDCCH performance via PDSCH tests

Note: Companies to bring simulation results to assess PDCCH and PDSCH performance for potentially wrong UE implementation.

· MBSFN subframe configuration: 

· Option1: MBSFN is configured in subframes 4 and 9 for DMRS-based transmission mode   

· Option 2: Not configure MBSFN

· DRS configuration: with DMTC period 80ms 

· Frequency offset and timing error, and synchronization: 

· Frequency offset and timing error of LAA Scell should be set relative to Pcell 

· Option 1: [750]Hz,  [30.26]μs

· Option 2: 200 Hz, 3 us

· Reference receiver: 

· MMSE-IRC receiver

· With practical frequency and timing tracking

· With practical detection 

· PDSCH test cases and parameters:

· For PCell, to save the simulation efforts, reuse the following existing test cases:

· TM3 rank-2, EVA70, 2x2 Low, 16QAM ½

· TM4 rank-2, EVA5, 4x2 Low, 16QAM ½

· For the LAA SCell 

· Option 1: TM4 4x2, TM9 2x2

· Option 2: TM3 2x2, TM4 4x2, TM9 2x2

· Test metrics
· Reuse relative throughput (TP) 

· 70% TP as starting point. 

· Relative throughput is the ratio of the throughput values per component carrier to the sum of the nominal maximum throughput values per component carrier.

Nominal Max throughput = (Total data transmitted)/(Total time used for transmission) 

· Burst transmission model

· Details please refer to R4-164748  
3   Discussion

3.1   Capability about ending partial subframe
In the latest version of 36.306, the following capabilities are specified:
---------------------------------- Text in 36.306 ----------------------------------
4.3.23.4
endingDwPTS-r13

This field defines whether the UE supports reception ending with a subframe occupied for a DwPTS-duration on LAA cell(s) as described in TS 36.211 [17] and TS 36.213 [22]. This field is only applicable if the UE supports downlink LAA operation.
4.3.23.5
secondSlotStartingPosition-r13

This field defines whether the UE supports reception of subframes with second slot starting position on LAA cell(s) as described in TS 36.211 [17] and TS 36.213 [22]. This field is only applicable if the UE supports downlink LAA operation.
---------------------------------- Text in 36.306 ----------------------------------
According to our understanding, there is no further update on the capability agreed in RAN1/2 related to reception capability on ending partial subframe. 

So there are totally four cases of combinations of capabilities:
· Case 1: UE supporting only full subframe;
· Case 2: UE supporting full subframe + initial partial subframe;

· Case 3: UE supporting full subframe + ending partial subframe;

· Case 4: UE supporting full subframe + initial partial subframe + ending partial subframe

Therefore, RAN4 should consider all four test scenarios. But for different test scenarios, we can reuse the same burst transmission model and the same set of test parameters except for the scheduling schemes. In other words, for Case 1 we only schedule full subframe for transmission, for Case 2 we schedule full subframe and initial partial subframes for transmission, for Case 3 we do full subframes and ending partial subframes, and for Case 4 we schedule all the available subframes.
Regarding the requirements, the agreement is to reuse the relative throughput as test metric. But for different test scenarios (or cases), the performance would be different, because the actually coding rate and thus the performance on full subframe and partial subframe are different. It would be straightforward to define different the required SNR for each test scenario. The alternative way is to choose the worst scenario to define the requirements.
· Proposal 1: Reuse the same test parameters including burst transmission model except for the scheduling schemes, and specify the LAA demodulation performance requirements for four test scenarios depending on UE capabilities
· Proposal 2: consider two options to specify the requirements for four test scenarios, and final decision depends on the alignment of simulation results:

· Option 1: Specify the separate required SNRs for each test scenario
· Option 2: Choose the worst case and specify the uniform required SNR covering all the test scenarios
3.2   (e)PDCCH performance verification
In the last meeting, the new (e)PDCCH demodulation performance requirement was proposed to verify the AGC, timing/frequency tracking performance under lower SNR. And it was thought that under lower SNR the (e)PDCCH performance may be the bottleneck for demodulation performance requirements due to degraded AGC or timing/frequency tracking performance.
We still think that the key is to verify the AGC, timing/frequency tracking under relative lower SNR. So far according to email discussion, we use 16QAM 1/2 and 64QAM 0.6 for PDSCH demodulation performance requirements. There is no lower SNR test. 
So to have additional test gain, we suggest considering to have relatively lower SNR test point to verify AGC, timing/frequency tracking for LAA, but use PDCCH or ePDCCH performance rather than PDSCH performance as test metric. And since by using TM9 test, the DMRS based channel estimation performance has been verified, and to simplify the test we prefer to only considering new PDCCH demodulation performance requirement.
· Proposal 3: Regarding (e)PDCCH performance verification, we suggest to consider using PDCCH BLER as test metric to verify the AGC and timing/frequency tracking performance under relatively lower SNR test point.
3.3   MBSFN subframe configuration
In the last meeting, we proposed to configure MBSFN subframe during the test. 

In latest TS 36.211 section 6.1, there is such description “For frame structure type 3, MBSFN configuration shall not be applied to downlink subframes in which at least one OFDM symbol is not occupied or discovery signal is transmitted.”, in our understanding, up to 6 MBSFN subframes can be configured on LAA SCell. As per the RAN1 specification, when transmitting, if eNB finds a chance to transmit, it may override the MBSFN configuration by transmitting a subframe with non-MBSFN structure in initial partial subframe, ending partial subframe and subframes in which DRS is transmitted. LAA capable UE is required to handle these scenarios. So it is reasonable to consider MBSFN configuration during the test to verify the UE correct behavior. And with MBSFN configuration, DMRS based transmission mode will most likely be used.
On LAA SCell, it is wrong behavior for UE to always follow MBSFN configuration. If following MBSFN configuration, UE may neglect some subframe and may not successfully decode all the LAA subframes. Thus the performance when MBSFN is configured will degrade. In that sense, we still want to verify the correct UE behavior by configuring MBSFN in TM9 tests.
· Proposal 4: We propose Option 1, i.e., MBSFN is configured in subframes 4 and 9 for TM9 test case.
3.4   Frequency offset and timing error
In Figure 1 and Figure 2, we provide the simulation results for TM4 4x2 64QAM 0.6 coding rate and TM4 4x2 16QAM 1/2 coding rate by configuring 200Hz frequency offset and 3us timing error and assuming the bad UE behavior, i.e., UE can only conduct timing and frequency tracking on PCell and adjust fixed offsets to determine the timing and center frequency for LAA SCell.
It can be observed that with the residual 200Hz and 3us the maximum throughput cannot be reached, if 64QAM 0.6 is used. Under such condition, the bad UE can be rule out by the test case, although it may not be very clear which between timing offset and causes the bigger degradation.
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Figure 1: Simulation results for TM4 4x2 64QAM 0.6 coding rate with 200Hz frequency offset and 3us timing error
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Figure 2: Simulation results for TM4 4x2 16QAM 1/2 coding rate with 200Hz frequency offset and 3us timing error
· 750Hz is calculated according the absolute frequency error requirement and the center frequencies for PCell and LAA SCell, and 30.26us is the maximum receiving window for inter-band CA. Combined with the above simulation results, we propose that

· Proposal 5: it is proposed to use (200 Hz, 3 us) as timing offset and frequency error if MCS is 64QAM 0.6. Otherwise, it is proposed to use (750Hz, 30.26μs). 
3.5   Transmission mode
In our view, both open-loop and closed-loop MIMO operation are important scenario for LAA. It would be better to keep both TM3 and TM4 test cases.
· Proposal 6: Introduce TM3 2x2, TM4 4x2, and TM9 2x2 tests for LAA SCell.
4   Conclusion
In this contribution, we further discuss how to specify the LAA demodulation performance requirements. We have the follow proposals:

· Proposal 1: Reuse the same test parameters including burst transmission model except for the scheduling schemes, and specify the LAA demodulation performance requirements for four test scenarios depending on UE capabilities

· Proposal 2: consider two options to specify the requirements for four test scenarios, and final decision depends on the alignment of simulation results:

· Option 1: Specify the separate required SNRs for each test scenario
· Option 2: Choose the worst case and specify the uniform required SNR covering all the test scenarios
· Proposal 3: Regarding (e)PDCCH performance verification, we suggest to consider using PDCCH BLER as test metric to verify the AGC and timing/frequency tracking performance under relatively lower SNR test point.
· Proposal 4: We propose Option 1, i.e., MBSFN is configured in subframes 4 and 9 for TM9 test case.
· Proposal 5: it is proposed to use (200 Hz, 3 us) as timing offset and frequency error if MCS is 64QAM 0.6. Otherwise, it is proposed to use (750Hz, 30.26μs). 

· Proposal 6: Introduce TM3 2x2, TM4 4x2, and TM9 2x2 tests for LAA SCell.
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