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1. Introduction
In RAN4 #78, RAN4 has discussion on way-foward [1] of LAA DL transmission features that can impact UE demodulation and CSI measurements. In this contribution, we review LAA design and test scenarios for DL LAA UE receiver to guarantee reliable operation in LAA network. As RAN4 already identified a few challenges, we found that some of special transmission conditions will make impacts on performances significantly. We summarize the UE demodulation performance impacts, accordingly discuss test preferences in this contribution.
2. DL LAA Test Scenario and Assumption 
The Way-forward specified test purposes for LAA demodulation. DL LAA PDSCH, PDCCH and ePDCCH has been supported by the RAN1 spec. Since DL LAA transmission happens burstly, the burst signal detection will be a basic function of the DL LAA receiver. On the tope of the burst signal detection, intital partial subframe demodulation can be additional feature to improve LAA transmission efficiency. First of all, we discuss possible performance impact on LAA UE. 

In order to succefully demodulate the burst PDSCH, we can foresee a few loopholes that may cause performance degradations. AGC must operate super fast not to degrade the control channel demodulation. Although the way-forward has listed one apsect of AGC tracking loop verification, it is unclear how to verify AGC impacts. Of course, the whole throughput performance will refect all of the front end (FE) tracking behaviors, but it may be a naive assumption just to expect the AGC tracking loop will be adapting fast with all of sudden burst signals even in random timing. 
· Verify AGC/FTL/TTL tracking loop and CRS channel estimation performance with bursty CRS transmission. 
Basically, LAA is based on carrier aggregation, depending on trainsmission carrier condition, the transmiting power can be allocated to satisfy the unlicense band requirements. In results, an UE is expected to receive signal with different power per a burst signal, and it makes impacts on AGC training specifically. We can confirm the multi carrier DL transmission options as below.
Multi-carrier transmission assumption
· TR36.889 LAA SI report :  Multi-carrier transmission
The following candidate options have been identified for future investigations for power sharing between LAA carriers in the DL

-
Fixed and equal maximum power allocation per carrier

-
Fixed and unequal maximum power allocation per carrier

-
Dynamic maximum power allocation between carriers at least based on the number of carriers being transmitted in each DL transmission burst

-
Other options are not precluded 

As addressed in TR36.889, In real usecases, the LAA system cannot gurantee that the previous adaptation value from the previous burst transmission will be identical to the next burst transmission. In the worst case, the LAA UE has to reset all tracking loop in every burst transmission depending on channel/carrier selection. 

In conclusion, we agree to the test purpose to verifiy AGC/TTL/FTL impact, however it is unclear how to achieve the goal. Espeically regarding AGC, if it is in a typcial way, RAN4 may end up with considering more impairment margin enough due to any potential impacts due to the burst AGC trainings. One difficuty in verifying AGC is that it is questionable to involve AGC operations in RAN4  link-level tests. 
AGC training of a LAA UE may have to be real time runing within a subframe. Therefore, we propose to consider test conditions with reasonable UE behavior assumptions. 
Proposal 1 : For test assumption and conidtion, we propose below for Rel-13 LAA UE demodulation test.
· In Rel-13 LAA UE demodulation testcases, it is assumed that DL signal is transmitted with fixed and unequal [or equal] maximum power allocation per a carrier.
· In Rel-13 LAA UE demodulation testcases, enough number of DRS transmission is required for the front-end traning purpose before first burst PDSCH (or ePDCCH) trasmission.
· In Rel-13 LAA UE (e)PDCCH/PDSCH demodulation testcases, DRS will be transmitted all at allocated timing.
LAA Transmission Power Assumption

RAN1 agreements on reference signal transmission power have been found as below

· RAN1 Agreements : 
1.  UE may assume that the transmission power for CRS and CSI-RS in the DRS is constant for RRM measurements regardless of the subframe in which the DRS is transmitted within the DMTC.
· RAN1 Agreements :
2.   Confirm the working assumption

· UE may assume that the CRS and CSI-RS transmission has a constant power in each subframe within a DL transmission burst, and the UE shall not assume that the CRS or CSI-RS transmission power is the same across transmission bursts

    3.   Continue to discuss whether there is any problem with AGC

As observed here, the RAN1 has idenfied the AGC issue, but the network beahavior is somewhat unclear to an UE. From the first agreement, the UE may assume the transmitted power of DRS is constant for RRM measurement, but it may not for CSI measurement? Moreover, this is nothing but a UE assumption, there is no guarantee that the LAA BS will transmit the signal with the same power across the DRS transmission occasions. 
For an example, DRS can be transmitted with burst PDSCH. The burst PDSCH ought to get power-controlled, then DRS with burst PDSCH needs to get together power-controlled. The first agreement seems not valid for this case.

Observation 1 : DRS can be transmitted with burst PDSCH. The burst PDSCH will get power-controlled, then DRS belonging to burst PDSCH will get together power-controlled. It is questionable if the RAN1 agreement (i.e. transmission power for CRS and CSI-RS in the DRS is constant) is nothing but just a UE assumption, or it is physically constant at TX power point.
We foresee that the uncertain LAA transmission power assumption may lead to tedious discussion on the UE behavior. From the first agreement, we may possibly make two different UE behaviors regarding the transmission power assumption :

· LAA UE Behavior 1 : The UE assumes that DRS transmission power is constant. If the UE measures sudden received power variation in a certain DRS subframe, the UE compensates the power delta by averaging in RRM or CSI measurements, or discard such variant measurements.

· LAA UE Behavior 2 : Since the UE assumes that DRS transmission power is constant, the UE accepts the received power as it is. UE measurements are made per a DRS subframe in a straightforward manner. 
If UE behavior 1 is implemented, the BS needs to understand such adjustment by the UE behavior. If UE behavior 2 is taken, then the UE expects that BS will adjust on UE meausrement report with power delta by BS implementation. If recalling back the previous RAN4 discussion, RAN4 has experienced a similar issue of the famous “CQI measurement averaging issue”. Some UE venders wanted to take CQI averaging in the UE side to improve accuracy, while some BS venders wanted a UE to report an instaneous CQI measurement. Since it is a kind of tick-tock issue between a BS and a UE, indeed it was hard to make a clear conclusion. We predict that LAA DRS has potentially the similar issue. Therefore, we propose to clarify LAA DRS transmission power assumption.
Proposal 2 : Clarify LAA DRS transmission power assumption in terms of BS behavior. It is not clear if DRS transmission power is physically constant at TX power point. 
· At least, DRS power at TX must be a constant, when DRS has only CRS, PSSS/SSS, NZP-CSI-RS assignment with empty data loading.
When DRS is not transmitted with burst PDSCH, most of REs will be zero-loading, transmission power constrains won’t be an issue, but we want to further check with RAN1. With this proposal, in the UE side, it is more comfortable to use the previous adaptation results for the measurement purposes.
·  As a baseline UE behavior, the UE Front-end modules reuse previous tracking adpation result from the previous DRS transmission.

·  The UE is allowed to take averaging on measumement to improve RRM and CSI measurement accuracy, at least when DRS is not transmitted with PDSCH (i.e. idle mode )
·  The UE understands that DRS transmission power can be scaled, if it is transmitted with burst PDSCH.
In reality, we believe, at least when DRS with burst PDSCH is transmitted, power scaling seems inevitable, if dynamic maximum power allocation among carriers is used according to the FCC regulation.
LAA Burst PDSCH Transmission Assumption for UE test
Based on the transmission power assumption above, the burst (e)PDCCH / PDSCH are transmitted. As reviewed proposals in the WF, the tranmission randomness exsits only in time. 
· Burst transmission model should be specified in WF [1]:
· Option 1: Explicitly model LBT transmission (Ericsson, R4-160367)
· Option 2: Design a repeated burst transmission pattern. pre-define 8 types of burst pattern, after the previous burst transmission, randomly decide to chose which burst type out of 8 types (Huawei, R4-160742)
· Option 3: Define DL burst transmission model based on Poisson arrival process. Number of subframes in a transmission burst is chosen uniformly from {4,5,6,7,8}.  (QC, R4-160046)
· More input from other companies are highly welcome.
We think that option-2 and option-3 have similar approaches, which we prefer. A point is that the transmission scenario is not necessriliy modeled from the real LBT mechanism. Although there is RAN1 spec for LAA transmission based on contention window in Section 15 in TS36.213, the LBT transmission randomness will not be used by the LAA UE. Simply modeling the burst transmission will be good enough to test a LAA UE and save cost of test equipment implementation.
LAA Burst PDSCH Transmission Assumption for BS LBT functional test
Based on the RAN1 recommendation, it is considerable to introduce a transmitter test complying to LBT cat 4 operation. Thanks to LBT, LLA can make a clean channel status, therefore, interference concerns like LTE networks can be lightened. Also, the LBT behavior is directely related with UE performances in real fields to guratee the clear channel assessment time and channel occupancy time during one burst PDSCH receiption. In Rel-14 discussion, UL LAA is under discussion, the transmitter test can be applied to the UE UL transmission in principle.

LBT behaviors of WiFi devices are tested for WiFi alliance certification, accordingly LBT of LTE devices should be tested for operators’ certrification or an authorized certification. We believe that the LBT is important for WiFi co-existance scenarios in unlicense bands. TS36.213 chapter 15 ( see R1-157922 ) is introduced for channel access procedures for LAA, we propose to verify LAA transmitter functions whether the devices observes the procedures as the spec in aspects of

· Channel Access procedure for transmission including PDSCH and DRS

·  Contention Window Adjustment Procedure
·  Energy Detection Threshold Adaptation Procedure
· Channel Access procedure for transmission(s) on multiple channels
Proposal 3 : We propose to introduce LBT function verification tests on LAA transmitters. 
LAA partial subframe tests
RAN1 spec has interoduced the ending partial subframe and the intial partial subframe for the LLA feature. The two types of the partial subframes is mutually independent. RAN2 has agreed to introduce specific LAA UE capability report signalling as below.  [R2-161823]. If reviewing the RAN1 discussion for DL LAA, the LLA RX supporting the initial partial subframe (LLA 3-3 in table X)) has been defined as optional, and the remain part of the RX capability discussion is whether making TM9 LLA or the ending partial subframe support madatory with LAA RX (3-1) operation.



LAA UE partial subframe capability report signaling 

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 [17][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 [17][22]. This field is only applicable if the UE supports downlink LAA operation.
Therefore, it is UE implementation to support the intial partial subframe, therefore RAN4 needs to consider testcases with the intial paritail subframe configuration and without partial subframe configurations.

About the ending subframe, the LAA UE reuses the DwPTS-duration sturucture in subframe type 3. It may be included as a madatory feature depending on RAN1 discussion. Therefore, we propose RAN4 to introduce testcases to cover the partial subframe features depending on the UE capability.
Proposal 4 : We propose to introduce testcases to cover the partial subframe features depending on the UE capability. 
Option 1: In (e)PDCCH and PDSCH UE testcases, sub-testcases are required as below


Test configuration 1 : a test with intial full subframes and ending partial subframe (baseline). 

Test configuration 2 : a test with intial partial subframes and ending partial subfrme (optional)
      Whether applying one performance requirement or not to the two cases is up to RAN4 discussion.

Option 2: (e)PDCCH tests are defined with intial partial subframe. PDSCH tests are defined with full intial subframes.


     - Introduce PDCCH tetsts with intial partial subframe configuration.
                - Introduce ePDCCH tests with intial partial subframe configuration.
                - Introduce PDSCH tests with intial full subframe configuration.
                -  Partial ending subframe configuration are applied to both (e)PDCCH and PDSCH tests.


     - Configuration portion of intial partial subframe and intial full subframe is TBD in each test.
In this way, RAN4 can cover some variation of LAA UEs supporting partial subframes. The patial subframes are generated randomly with a portion of tranmission. We prefer to option 2, ventually, in the conformance tests, the LAA control channel tests will be defiend with PDSCH scheduling, eventually, partial subframe UE performance from PDCCH and PDSCH can be measurable in common. Details of test configurations are discussed in [8].

Conclusions

In this contribution, we discussed overall view on Rel-13 LAA test scope.
Proposal 1 : For test assumption and conidtion, we propose below for Rel-13 LAA UE demodulation test.

· In Rel-13 LAA UE demodulation testcases, it is assumed that DL signal is transmitted with fixed and unequal [or equal] maximum power allocation per a carrier.
· In Rel-13 LAA UE demodulation testcases, enough number of DRS transmission is required for the front-end traning purpose before first burst PDSCH (or ePDCCH) trasmission.
· In Rel-13 LAA UE (e)PDCCH/PDSCH demodulation testcases, DRS will be transmitted all at allocated timing.
Observation 1 : DRS can be transmitted with burst PDSCH. The burst PDSCH will get power-controlled, then DRS belonging to burst PDSCH will get together power-controlled. It is questionable if the RAN1 agreement (i.e. transmission power for CRS and CSI-RS in the DRS is constant) is nothing but a UE assumption, or it is physically constant at TX power point during all the communication time.
Proposal 2 : Clarify LAA DRS transmission power assumption in terms of BS behavior. It is not clear if DRS transmission power is physically constant at TX point. 
· At least, DRS power at TX must be a constant, when DRS has only CRS, PSSS/SSS, NZP-CSI-RS assignment with empty data loading.
Proposal 3 : We propose to introduce a LBT function verification tests for LAA transmitters. 

Proposal 4 : We propose to introduce testcases to cover the partial subframe features depending on the UE capability. 

Option 1: In (e)PDCCH and PDSCH UE testcases, sub-testcases are required as below


Test configuration 1 : a test with intial full subframes and ending partial subframe (baseline). 

Test configuration 2 : a test with intial partial subframes and ending partial subfrme (optional)
      Whether applying one performance requirement or not to the two cases is up to RAN4 discussion.


Option 2: (e)PDCCH tests are defined with intial partial subframe. PDSCH tests are defined with full intial subframes.


     - Introduce PDCCH tetsts with intial partial subframe configuration.
                - Introduce ePDCCH tests with intial partial subframe configuration.
                - Introduce PDSCH tests with intial full subframe configuration.
                -  Partial ending subframe configuration are applied to both (e)PDCCH and PDSCH tests.


     - Configuration portion of intial partial subframe and intial full subframe is TBD in each test.
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Appendix

Table 1: LAA feature list [R1-161547]

	LAA UE
	Feature group
	Components
	Prerequisite feature groups
	RAN WG recommendation

	3-1
	UE procedure related to LAA DL reception on full subframe
	1) Identification of DL transmission from serving cell for full subframe
2) Common DL control signaling decoding on LAA SCell
3) LAA CSI feedback
4) LAA CRS-DRS-based RRM measurement
	DL CA
	Optional

	3-2
	Ending Partial TTI support
	1) Ending partial TTI
	3-1
	FFS whether this feature group will be mandatory for UE capable of 3-1

	3-3
	Initial Partial TTI support
	1) Initial partial TTI
	3-1
	Optional

	3-4
	UE-reported RSSI measurement procedure
	1) RSSI measurement and reporting based on RSSI measurement timing configuration
	3-1
	Optional

	3-5
	LAA Cross-carrier scheduling
	1) LAA cross-carrier scheduling from licensed cell
	3-1
	Optional

	3-6
	LAA TM9 support
	1) TM9 operation on LAA SCell
	3-1
	FFS whether this feature group will be mandatory for UE capable of 3-1

	3-7
	LAA TM10 support
	1) TM10 operation on LAA SCell
	3-1
	Optional

	3-8
	LAA CSI-RS-DRS-based RRM measurement
	1) LAA CSI-RS-DRS-based RRM measurement
	3-1
	Optional
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