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1. Introduction
In RAN4 #79, RAN4 had discussions on LAA performance requirement test configurations, and a WF of [1] has been approved for move-forward. In this contribution, we provide further discussion on preferences and issues for LAA PDSCH demodulation performance tests and requirements. 
2. Discussion

In the last meeting, RAN4 agreed to introduce new PDSCH tests in CA mode for Rel-13 LAA. However, many LAA test configuration details remained as open issues. Especially, DL LAA feature has various sub-modes and transmission options, the test case scope may become somewhat large to cover all LAA sub-features and LAA + concurrent features. Basically we agree that all sub-features must be tested properly. We would like to discuss each item in the WF in [1] one by one.
LAA sub-feature  test scope
Rel-13 DL LAA feature has several sub-features, UE test scenarios have been discussed. DL LAA has partial subframe options. Considering control channels and PDSCH UE tests, RAN4 has suggested as

· [WF, R4-164749] 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. 
· (e)PDCCH performance verification:
· Option 1: Explicitly (verify the (e)PDCCH performance)
· 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.

Since the control channel performance is a part of PDSCH performance evaluations, conceptually it is possible to test control channel performances via PDSCH tests implicitly. We tend to agree to option 2. Another aspect we may need to consider is cell coverage of a LAA cell. Control channel tests can be meaningful to show coverages especially in low SNR. Theoretically, as long as the UE knows a valid signal comes in exactly, there is no reason that LAA cell coverage will significantly be different from the regular LTE cells in terms of UE behaviors. 

We pay attention to UE implementation of burst signal detection. Before demodulating control channel, a UE must start AGC, FTL, TTL loops immediately using a signal detection mechanism. If the UE fails to detect the signal presence immediately, the front-end block tracking can be jeopardized. We show that CRS detection performance analysis below in Figure 1.

In low SNR, the UE may not be able to properly detect burst signal existence. The burst signal detection is an essential step to start updating synchronizations and AGC training immediately. Although an UE may rely on control channel detection for PDSCH existence as a legacy behavior, but CRS-based burst signal detection must be executed to guarantee robust performance of PDSCH and control channels. Test burst signal detection behavior and performance based on PDCCH test at low SNR. This test goal can be a test to ensure LAA cell coverage and robust UE performance in low SNR regions.
Proposal 1 : Introduce one burst signal detection performance test at low SNR via control channel test.
As mentioned several times in previous discussions, we also have a deep concern on the number of testcases. Since LAA has many sub-features, RAN4 should not introduce all sub-feature tests over all PDCCH and PDSCH tests. Therefore split test scopes of initial subframes makes sense. We propose to split the test scope as below

Proposal 2 : Regarding the LAA sub-features, the number of testcases must be managed. RAN4 considers splitting the testing scope as

· Verify the PDCCH performance in low SNR
· Test Scenario 3: Initial partial subframe + full subframe;

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

· Test PDSCH performance

· Test Scenario 1: full subframe only;

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

· Alternatively, we are open to consider implicit control channel tests via PDSCH.

For EPDCCH tests in LAA, the subframe structure with partial subframes is close to PDSCH, so the functional verification is able to be tested with PDSCH implicitly. For ePDCCH case, the partial subframe case is more interest with LAA rather than tested with full subframes. Also, what RAN4 has to consider is that EPDCCH + LAA with partial subframes is a concurrent feature with the LAA sub-features. We predict intensive implementation impacts to support ePDCCH with partial subframes, since ePDCCH demodulation and decoding process changes UE processing timing significantly, and the UE may have to search ePDCCH in every a half slot and in every subframe simultaneously. We prefer to make the test of {ePDCCH + LAA with (initial) partial subframe} low priority for FFS. 
Proposal 3 : We prefer to put a test of {ePDCCH + LAA with initial partial subframe} for further discussion.
Burst signal detection of LAA UE
Basically, a LAA UE can rely on CRS presence detection for burst signal detection. The UE may have to adjust front-end block tracking as soon as possible using the CRS detection. There can be various method for the signal detection; The UE can utilizes energy detection or CRS correlation detection, or other methods with different implementation. Therefore, we don’t need to discuss details. Overall, the burst signal detection accuracy will be degraded in low SNR region. Burst signal detection can practically be used for
· Burst signal detection usages :
·  Detect start of burst transmission of PDSCH.

·  Reduce burden of PDCCH demodulation and decoding. 
  ( LAA UE has to decode every slot for PDCCH. )

·  DRS existence detection is also based on CRS within DMTC

· UE can use CRS detection to enhance confidence of a full ending subframe.
We believe the burst signal detection is an essential UE required for efficient UE operation. If a UE want to save power to search DCI, CRS detection can be one approach to make it more efficient.
In figure 1 performance example, if the UE operates at SNR=-6dB, up to 10% of performance may be cut off due to the miss detection rate. Therefore, the UE needs to enhance it in order to ensure the robust performance in low SNR region. Moreover, the detection error is critical in low SNR regions and large timing offset (ex. TO=30us). In fact, when TO=30us, CRS-based detection becomes meaningless, and we have to resolve it as a basic synchronization problem. 
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Figure 1 : CRS-based burst signal detection performance based on LAA test scenario [2]
Observation 1 : Burst signal detection performance can be degraded in low SNR region, and it may lead to total performance degradation. 
Timing offset and frequency offset setting for UE tests
For PDSCH tests, synchronization with frequency offset and timing offset need to be verified. Two options are given as
· [WF, R4-164749]  Frequency offset and timing error, and synchronization: 
· Option 1: [750]Hz,  [30.26]μs
                       >> Frequency offset and timing error of LAA Scell should be set relative to Pcell

· Option 2: 200 Hz, 3 us
                      >> Baseband frequency offset and timing offset tracking after locking initial synchronization procedure
· Reference receiver: 
· MMSE-IRC receiver
· With practical frequency and timing tracking
· With practical detection
First of all, we have a significant concern on option 1. The given timing offset in option-1 is out of CRS-based tracking ranges, so the baseline UE cannot correct it without PSS/SSS signal processing. In the baseband point of view, the UE synchronization is about offset tracking. FYI of CRS based tracking range, TO estimation range =[±5.56us],  and the FO estimation range=[±1KHz]. Also, frequency offset 750Hz is too large. WIFI unlicensed RF band has 2GHz and 5GHz bands, therefore 0.1ppm oscillator error gives 200Hz or 500Hz residual frequency offsets respectively.
In legacy CA performance requirements, the time offset between PCell and any SCell is 30usec, as shown in 8.2.1.1.1-6 of TS36.101 and in the legacy CA related tests. However, it is not necessarily to reuse it in LAA CA UE tests, since LAA CA is supposed to be more advanced CA technologies. Cell synchronization at network level will be assumed to be more accurate.
In the legacy CA test scenario, synchronization UE process in PCell and SCell was assumed independent, such CA UE behaviors could be tested with 30us offset. However, in LAA, there is only sparse DRS (i.e. 80ms period in the test), and even it can be omitted due to LBT. In consequence, if RAN4 utilizes the same TO (30us) for the LAA UE test, eventually it makes more harsh conditions for UE tests, so it must be carefully reviewed. If no synchronization information is available from a LAA BS in a LAA SCell, then a possible UE behavior is that the UE refers to the PCell timing. So we expect that cell synchronization must be enhanced together from the legacy assumption of 30us TO, and must be much shortened.
For a LAA UE, we propose to test LAA UE regarding synchronization tracking ability as captured in an agreed WF R4-161182, RAN4#78 [2]. We prefer to make RAN4 tests focus on synchronization tracking accuracy evaluation. 
· [WF, R4-161182] Verify AGC/FTL/TTL tracking loop and CRS channel estimation performance with burst CRS transmission.
Observation 2 : It is not necessary to reuse the legacy CA test TO value for Rel-13 LAA feature.
Proposal 4 :  Verify AGC/FTL/TTL tracking loop and CRS channel estimation performance. Select option 2 with FO=200 Hz, TO=3 us for proper FTL/TTL tracking loop test.
Transmission modes for LAA UE test :
Regarding the test transmission modes, the WF [1] has agreed to consider LAA transmission modes options as

· [WF, R4-164749] 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
As reviewing the LAA UE behaviors between TM3 and TM4, we don’t see significant differences in term of the burst signal receiving procedures. OL-MIMO and CL-MIMO performance study in LAA deployment is regarded as additional interests, we propose to first focuse on TM3 and TM9 testcases. 
Also, a key point of LAA test is a burst signal processing. RAN4 can evaluate essentially one DMRS TM and one CRS-TM to verify UE’s burst signal processing capability. Secondarly, for LAA baseband performance evaluation, it is not necessarily to test addtionally CA feature points like different bandwidth combinations or different transmission modes across bands. Max bandwidth of PCell and SCell will cover the core parts of LAA UE evaluation. 

Proposal 5 : We propose to study based on transmission modes as the legacy CA tests

· PCell 
· TM4 rank-2, EVA5, 4x2 Low, 16QAM ½ 

· TM3 rank-2, EVA5, 2  x2 Low, 16QAM ½

· SCell 

· Test 1 : TM4 4x2, EVA5

· Test 2 : TM9 2x2, EVA5

LAA + TM9 + MBSFN test :

RAN1 has agreed on a specific MBSFN configuration and UE behaviors for LAA. 

· RAN1 agreement : RRC signaling indicates which subframe has one or two symbol CRS structure or all symbols CRS structure
· Up to 8 subframes (i.e., exclude 0th and 5th subframe in the frame) can be configured as MBSFN per frame
· Note: DRS can be transmitted in either of the above subframe type
· Note: This is not intended to preclude DRS and PDSCH multiplexing options
· MBSFN configuration is not applied to a partial subframe
The UE test of LAA+TM9+MBSFN has two possible purposes of (i) Rate-matching UE behavior regarding partial subframes and DRS subframe, (ii) performance impacts of channel parameter estimations and synchronizations. 

As RAN4 has studied in TEI-13, an expected benefits of MBSFN configuration was predicted to be resource efficeincy improvement. RAN4 has conducted some study for 4-RX/2-RX + MBSFN + TM9, unfortunately the benefits have turned out very small [4,5]. The network addionally gets some fractional number of SNR gain. In the meantime, a critical drawback is the scheduling restriction. In SFs configured with MBSFN, CRS-TM subframes cannot be scheduled to all UEs including all UEs in fallback mode in a cell.

Based on this observation, MBSFN subframe benefits is not so significant as RAN4 intially expected, and even we need to consider to some drawbacks. In order to save just a small amount of SNR, a network has to accept scheduling restriction as well as unclear synchronization performance in the UE side. 
Therefore we prefer to focus on basic TM9 + LAA performance with priority in Rel-13. In RAN4#79, RAN4 provides test options as below.  
[WF, R4-164749] MBSFN subframe configuration options :
· Option1: MBSFN is configured in subframes 4 and 9 for DMRS-based transmission mode   
· Option 2: Not configure MBSFN
As a compromised solution, Option-1 configures two MBSFN SFs instead of full 8 MSBFN SFs configurations out of 10 SFs. However, it may simply avoid MBSFN UE challenges in the test by covering only UE rate matching behaviors with MBSFN subframe. Option-1 just intents to evaluate the LAA UE ratematch behaviors and put aside performance evaltions.
As another concern of MBSFN + TM9, since MBSFN has been mandatory, all other cocurrent features of MBSFN configurations are taken for granted as mandatory tests. Even though RAN1 has added some modification of the number of MBSFN SF numbers, RAN4 just takes it for granted to make mandatory UE supports. Although we understand there is a unique UE behavior from RAN1 spec change, any cocurrent features with MBSFN configurations should not be taken for granted as a mandatory test in RAN4. RAN4 needs to evaluate perforamance benefits. In fact, MBSFN subframe behavior has been confirmed in Rel-13 TM9 modification. 
Observation 3 : The core MBSFN + TM9 behavior has been verified by Rel-13 TM9 test modification. We don’ see test need for additional tests for LAA+TM+MBSFN requirement, that MBSFN configuration is NOT applied to some exceptional subframe cases. 
Proposal 6 : Concurrent feature with MBSFN configurations may not be taken for granted as a mandatory concurrent feature test in RAN4. RAN4 needs to check perforamance and usecase benefit to introduce a related test.
Proposal 7  :  We prefer to focus basic TM9 + LAA performance studies without MBSFN configurations. 
3. Performances 
Based on our proposals and test configuration listed in the Appendix section, we simulate random burst transmission with full subframes. We measured TM9 performance in SCell only. 
Each figure compares ideal burst signal detection and CRS-based burst signal detection. There can be various detection algorithm, we utilizes only CRS REs in the first OFDM symbols for correlation calculation. In Figure 2, we observe that performance in low SNR region slightly degraded comparing to the ideal signal detection, while Figure 3 measured in high SNR make almost equivalent performance. Small variation in figure 3 seems due to random burst effect.
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Figure 2: Performance evaluation in low MCS4, low SNR with CRS-based detection (FO=200Hz, TO=3us)
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Figure 3: Performance evaluation in high SNR, MCS20 with CRS-based detection (FO=200Hz, TO=3us)
4. Conclusions

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

Proposal 1 : Introduce one burst signal detection performance test at low SNR via control channel test.

Proposal 2 : Regarding the LAA sub-features, the number of testcases must be managed. RAN4 considers splitting the testing scope as

· Verify the PDCCH performance in low SNR

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

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

· Test PDSCH performance
· Test Scenario 1: full subframe only;

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

· Alternatively, we are open to consider implicit control channel tests via PDSCH.
Proposal 3 : We prefer to put a test of {ePDCCH + LAA with initial partial subframe} for further discussion.

Observation 1 : Burst signal detection performance can be degraded in low SNR region, and it may lead to total performance degradation. 

Observation 2 : It is not necessary to reuse the legacy CA test TO value for Rel-13 LAA feature.

Proposal 4 :  Verify AGC/FTL/TTL tracking loop and CRS channel estimation performance. Select option 2 with FO=200 Hz, TO=3 us for proper FTL/TTL tracking loop test.
Proposal 5 : We propose to study based on transmission modes as the legacy CA tests

· PCell 

· TM4 rank-2, EVA5, 4x2 Low, 16QAM ½ 

· TM3 rank-2, EVA5, 2  x2 Low, 16QAM ½

· SCell 

· Test 1 : TM4 4x2, EVA5

· Test 2 : TM9 2x2, EVA5

Observation 3 : The core MBSFN + TM9 behavior has been verified by Rel-13 TM9 test modification. We don’ see test need for additional tests for LAA+TM+MBSFN requirement, that MBSFN configuration is NOT applied to some exceptional subframe cases. 

Proposal 6 : Concurrent feature with MBSFN configurations may not be taken for granted as a mandatory concurrent feature test in RAN4. RAN4 needs to check perforamance and usecase benefit to introduce a related test.

Proposal 7  :  We prefer to focus basic TM9 + LAA performance studies without MBSFN configurations. 
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5. Appendix
Test configuration for performance measurements in section 4 with random full subframe transmission.
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