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1. Introduction
In RAN4 #78, RAN4 has discussion on LAA DL transmission features that can impact UE demodulation and CSI measurements as WF [1]. In this contribution, we discuss about the LAA demodulation test configuration. Especially, Due to LBT behaviors of a LAA BS, burst transmission model is required for LAA UE tests. This contribution discusses options of burst transmission model. 
2. DL LAA Demod Test Configurations
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. 

2.1 LAA CA configurations :
LAA is a feature based on CA. As indicating from the feature name of  “Licensed-Assisted Access”, the feature itself is defined with at least one licenced band. It makes more sense to assume CA environments for the LAA UE tests. Also the UE RRM/CSI measurement report must be done by PCell uplink grant. In WF [1], the CA study options are listed as

· Follow per-CC approach similar as that used for 3DL CA demodulation tests.
· Performance verification:
· Option 1: for LAA SCell only
· Option 2: for LAA Scell(s) and PCell
· The performance requirements are band agnostic and band combination agnostic. 
By  configure the LTE PCell, the LAA UE is supposed to receive the LAA SCell configurations as well as coarse synchronization frequency / timing references. We prefer option 2 to study LAA CA usecases. To our understanding on the options, it implies Performance verification for only LAA SCell(s) with PCell configuration.   We  believe there is no need to evaluate PCell performance seperatly in the  LAA CA scenarios.

Proposal 1 : We propose CA configurations for LAA UE tests as
· 2CA test : one PCell and one SCell with scheduling PDSCH in both PCell and SCell.
· Self-carrier PDSCH scheduling

2.2 LAA test transmission mode and MBSFN test
For the baseline LAA reciever, the WI provides options as below :

· One CRS TM and one DMRS TM tests are prefered. BetwTransmission schemes of unlicensed carrier
· Option 1 : 
· TM3 for CRS-based transmission scheme
· TM9 for DMRS-based transmission scheme
· Option 2 : 
· TM3 and TM4 for CRS-based transmission scheme (TM3 and TM4 for different antenna configuration )
· TM9 for DMRS-based transmission scheme
· MBSFN subframe configuration

· Option 1: 

· MBSFN subframe is not configured  for CRS-based transmission mode
· MBSFN subframe is configured in subframes 1,2,3,4,6,7,8,9 for DMRS-based transmission mode 
· Option 2 : 
· MBSFN subframe is not configured for both CRS-based and DMRS-based transmission mode
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. If needing to study different antenna configuration we prospose to study transmission mode as below :
Proposal 2 : Propose transmission modes and antenna configuration as below 

· TM3 for CRS-based transmission scheme ( 2x2 ) 

· TM9 for DMRS-based transmission scheme ( 4x2 with 2-CRS ports )

The LAA UE already foresees some challenging configurations under the burst signals. The UE does not receive continuous reference signals in LAA. Under such condition, first of all, performance robustness of the UE can be raised with minimum reference signal scheduduing. Since the LAA performance discussion has just started, we propose to proritize option-2 as baseline and option-1 is FFS.  
Since the LAA performance discussion has just started to be investigated, first of all RAN4 study on front-end tracking with burst signal is proritized in terms of performance robustness. In the meantime, LAA TM9 with MBSFN subframe is also interesting since it is very similar as a lean carrier design. Perhaps, LAA can become a model of  advanced reference signal alloations for further network. However, we admit it creates another domain of UE implementation challenge. Based on the RAN1 discussion, TM9 supports may or may not be a mandatory LAA feature (3-6). If LAA TM9 support (3-6) becomes an optional feature, it can be agreeable to study LAA TM9 with MBSFN. Otherwise, we propose to proritize the baseline TM9 behavior only without MBSFN.

Proposal 3 : Since the LAA performance discussion has just started to be investigated, first of all RAN4 study on front-end tracking with burst signal is proritized in terms of performance robustness.
· We prefer not to involve MBSFN tests in the LAA TM9 test as baseline.

· An altanative option is considerable to make LAA TM9 RX (LAA 3-6 in table 1) is an optional feature and to test LAA TM9 performance with MBSFN configuration.

PDCCH performance will be a concern with LAA TM9 MBSFN subframes. PDCCH demodulation gets to rely on only a single CRS symbol, there allocates very sparse subframes with full CRS symbols. The situation becomes doubly harsh; one is the signal is randomly burst of which the first subframe will not always have full CRS symbols, and another is that CRS is trasmitted very sparely for control channel demodulations. If RAN4 studies TM9 MBSFN + LAA, performance impact to both PDCCH and PDSCH must closely be investigated.
2.3  LAA testcase cofigurations
	Parameter
	Unit
	PCell
	LAA SCell

	Downlink power allocation
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	dBm/15kHz
	-98
	-98

	Cell ID
	
	1
	126

	Transmission mode
	
	TM3
	TM3

	Number of CRS port
	
	2
	2

	DL Burst transmission pattern
	
	N/A
	Random 

transmission model 
(see section 2.5)

	DRS : periodicity

ds-OccasionDuration
	
	N/A
	40ms

	DRS : configuration offset

dmtc-PeriodOffset
	
	N/A
	0

	DRS : CSI-RS configuration

MeasCSI-RS-Config-r12: resourceConfig
	
	N/A
	2

	DRS : subframe offset SSS-CSIRS

MeasCSI-RS-Config-r12: subframeOffset-r12
	
	N/A
	0

	Number OFDM symbols in the  partial ending subframe of LAA transmissions
	
	N/A
	Optional 1 :

Fixed pattern
(see section 2.5)
Optional 2 :

Uniform distribution with symbol number 
[ 3, 6, 9, 10, 11, 12, 14 ]

	Starting position in the first subframe of LAA transmissions
	
	N/A
	Default : Start at OFDM symbol #0

Optional 1 :

Fixed pattern 
(see section 2.5)
Optional 2 : random
Probability of symbol 0 : 50%

Probability of symbol 7 : 50%



	Duration of burst transmissions
	
	N/A
	Random selection in burst transmission patterns.
[ 4, 6, 8ms ]

	DL transmission scheduling
	
	PDCCH 
(self-carrier scheduling)
	PDCCH 
(self-carrier scheduling)

	Number of control channel symbols
	
	2
	2

	Frequency offset relative to PCell
	Hz
	0
	[200Hz]

	Timing error relative to PCell
	us
	0
	[3us]

	NOTE 1:
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NOTE 2:
PUCCH format 3 is used to feedback ACK/NACK.
NOTE 3:
The same PDSCH transmission mode is applied to each component carrier.
NOTE 4 :
The transmission power across multiple bursts during the test is constant.


Bascially, the LAA UE is assumed to be aligned with PCell timing even under non-colocation scenario. The UE can adapt the timing loop and frequency loop using DRS, CRS and other RSs with its best. and  The timing offset and frequency offset tracking can be tested with timing offset and frequency offset respectivly.
2.4  Performance metric on random burst transmission
Since it is burst transmission within a random time period, basically, we agree to nomalize the amount of data by the total time needs for 
· Test metric
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Time needed for the amount of data transmission becomes random variable, which every transmission time has irregular amount. We suggest to remove the randomness from the throughput meaturement metric. Rather than making the serving cell bit payload as random variable, the testcase utilizes fixed patterns with a fixed number of subframes in a pattern. While a fixed patter selection is made randomly, but total amount of data is fixed within a certain time cycle.  More detail transmission model is discussed in the next chapter.
Proposal 4 : We agree to use the use total throughput normalized by total burst data transmission time.
2.5  Burst transmission model
In WF, RAN4 has discussed about options on burst transmission model as below.
· Burst transmission model should be specified:
· 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 prefer to use option-2, but want to add more specific burst conditions. If the burst transmission of a serving cell is random, both the total data amount and the transmission time become random variable. In in order to find the final user throughput as the proposed matric, a simulator or a test equipment must track total time and total amount of data based on the randomness. In fact, this kind of randomness for a serving cell configuration is new in the RAN4 tests. Ran
Observation 1 : In RAN4 tests, random bit payload for a serving cell have not configured before.  For more intuitive performance analsys, it is convenient to configure serving cell payload amount in a numerically calculatable manner.
Proposal 5 : We prefer to set burst transmission sets and randomly select one of them. One contrain in constructing a burst pattern is the number of transmitted subframes are equal among the burst patterns.
Burst transmission model example
TE sets a pattern of burst transmission subframes. The pattern is not given to the UE. One example is shown the figure 1. Set a 40bit bitmap in burst pattern. Each bit indicates one subframe scheduling. 
· BurstTransmissionLLAbitmap1 = [ 1 1 1 1 1 1 1 1 0 0; 1 1 1 1 0 0 0 0 1 1; 1 1 1 1 1 1 0 0 0 0; 0 1 1 1 1 1 1 0 0 0;]
· BurstTransmissionLLAbitmap2 = [ 0 0 0 0 1 1 1 1 1 1; 1 1 0 1 1 1 1 0 0 0; 1 1 1 1 1 1 1 1 0 0; 1 1 1 1 1 1 1 0 0 0;]

…

· BurstTransmissionLLAbitmapN = [ 1 1 1 1 0 0 1 1 1 1; 1 1 1 0 1 1 1 0 0 0; 1 1 1 1 1 1 1 1 0 0; 0 1 1 1 1 0 0 0 0 0;]

Total cycle of  one burst transmission is 40 subframes . We are open to set the pattern for more various cases. The pattern indicates full subframe pattern. 

It is also considerable to sweep the burst patterns in order as proposed in [x].
Based on the full sbuframe pattern, TE can set partial subframe configuration to the full subframe pattern. One way is randomly generating partial subframe occurance to the front and the end of the burst subframe as proposed in [4]. Another way is generating partial subframe in a predictable manner. 
We prose to add the partial intial/ending subframes with a sequence series. One goal is to adding partial intial/ending subframes with a knwon  portion and a known pattern for a tester, but ultimately, it will look random to the tested UE. The number of OFDM symbols in ending partial subframe are defined as
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 is a subframe timing index (i.e. = time / 1ms),  
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 is the length of the transmission pattern cycle (= 40 in the figure example), 
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 is the number of OFDM symbols in the ending partial subframe. Basically, the the number OFDM symbols in the parital ending subframe is swept by a selection in order per every cycle. 

Optionally for the partial intial subframe configuration, we set as
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A basic idea is that the intial partial subframe and the intial full subframe are toggled by every cycle. When a the starting subframe is transmitted with DRS subframe, it is a full subframe. LBT is applied to both DRS and burst PDSCH. Once DRS is started transmitted togther with PDSCH, it is natually a full subframe. Otherwise, the symbol 0 and symbol 7 starting sybmols are toggled per a patter cycle.

[image: image13.emf]SF1 SF2 SF3 SF4 SF5 SF6 SF7

time

0

SF0 SF1 SF2 SF3 SF0 SF1

time

Frame Start

SF2 SF3 SF4 SF5 SF6 SF7

time

Frame Start

SF0 SF1 SF2 SF3

time

Frame Start

SF4 SF5

SF0

DRS 

( in every 

40ms )

10ms

20ms

30ms

40ms

(one pattern 

cycle)

0

subframe

i



9

subframe

i



30

subframe

i



39

subframe

i




Figure 1 : Example of burst transmission pattern. 
A benefit of the pattern based burst transmission is first easiness of TE implementation and the throughput calculation is staightforward since the system knows exact amount of TBS without randomness.
Proposal 6 : In a given burst transmission pattern, the partial intial subframe and the parital ending subframe are added based on a specific sequence series.

Conclusions

In this contribution, we discussed about Rel-13 LAA demodulation related UE behaviors and test methodolgy.
Proposal 1 : We propose CA configurations for LAA UE tests as

· 2CA test : one PCell and one SCell with scheduling PDSCH in both PCell and SCell.

· Self-carrier PDSCH scheduling

Proposal 2 : Propose transmission modes and antenna configuration as below 

· TM3 for CRS-based transmission scheme ( 2x2 ) 

· TM9 for DMRS-based transmission scheme ( 4x2 with 2-CRS ports )

Proposal 3 : Since the LAA performance discussion has just started to be investigated, first of all RAN4 study on front-end tracking with burst signal is proritized in terms of performance robustness.

· We prefer not to involve MBSFN tests in the LAA TM9 test as baseline.

· An altanative option is to make LAA TM9 RX (LAA 3-6 in table 1) is an optional feature, and test LAA TM9 performance configuration.

Proposal 4 : We agree to use the use total throughput normalized by total burst data transmission time.
Observation 1 : In RAN4 tests, random bit payload for a serving cell have not configured before.  For more intuitive performance analsys, it is convenient to configure serving cell payload amount in a numerically calculatable manner.

Proposal 5 : We prefer to set burst transmission sets and randomly select one of them. One contrain in constructing a burst pattern is that the number of transmitted subframes are equal among the burst patterns.
Proposal 6 : In a given burst transmission pattern, the partial intial subframe and the parital ending subframe are added based on a specific sequence series.
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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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