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Introduction
In RAN4#81 meeting, the setup for eLAA demodulation was discussed, some status is captured in [1], but there is no any consensus during last meeting. In this paper, we share our view further for the eLAA setup. 
Downlink for eLAA
In eLAA, there are four new formats are introduced, they are DCI format 0A/4A and DCI format 0B/4B. 
For DCI format 0A/4A, RAN1 have the following agreements:
· UE may be configured to detect multiple uplink grants which may be chosen without restriction from DCI 0A/4A/0B/4B 
Maximum number of uplink grants to be transmitted for a single UE in a subframe is 4. In legacy LTE system, there is only one uplink grant in one subframe. If the uplink grants to be transmitted for a single UE in a subframe up to 4, UE needs to have multiple detections for uplink grants. This behaviour is not verified in the legacy system. Thus, it is valuable to design test case(s) to verify this new UE behaviour. 
For DCI format 0B/4B, multiple-subframe scheduling are introduced. Additionally, new contents are introduced for C-PDCCH to indicate the “UL configuration for LAA” as shown in Table 1.  New UE behaviour are defined in RAN1 for these new DCI formats, RAN4 group shall discuss how to verify them. Some of them may be combined with LBT test or RRM test. 
Taking into above consideration, we propose:
[bookmark: _Toc473119238][bookmark: _Toc473129664][bookmark: _Toc473188780][bookmark: _Toc473201926][bookmark: _Toc473203353][bookmark: _Toc473203503][bookmark: _Toc473898011][bookmark: _Toc473920904][bookmark: _Toc473920972]RAN4 should discuss on how to verify new UE behavior with multiple uplink grants, multiple subframes scheduling and new C-PDCCH with uplink configuration. 

[bookmark: _Ref463015214]Table 1: UL configuration for LAA.
	Value of 
‘UL configuration for LAA’ field
	
UL offset, 
(in subframes)
	
UL duration, (in subframes)

	00000
	Not configured
	Not configured

	00001
	1
	1

	00010
	1
	2

	00011
	1
	3

	00100
	1
	4

	00101
	1
	5

	00110
	1
	6

	00111
	2
	1

	01000
	2
	2

	01001
	2
	3

	01010
	2
	4

	01011
	2
	5

	01100
	2
	6

	01101
	3
	1

	01110
	3
	2

	01111
	3
	3

	10000
	3
	4

	10001
	3
	5

	10010
	3
	6

	10011
	4
	1

	10100
	4
	2

	10101
	4
	3

	10110
	4
	4

	10111
	4
	5

	11000
	4
	6

	11001
	6
	1

	11010
	6
	2

	11011
	6
	3

	11100
	6
	4

	11101
	6
	5

	11110
	6
	6

	11111
	reserved
	reserved




Performance requirements for BS
General
In [1], there are several open issues. In fact, these open issues can be divided into two categories, one category is for performance related setup, and the other category is for conformance test. For example, the following parameters belong to performance related parameters:
Reference receiver
Channel bandwidth allocation
Antenna configuration
Starting PUSCH symbol configuration
Ending symbol configuration
Number of UE to be modelled in the performance requirements
UL burst transmission model
Resource allocation
Channel model
Modulation
While the other issues, such as:
UL grant Scheduling
LAA Sell Carrier Scheduling
And other miscellaneous, such as
How to Extension for future possible multiple licensed bands and multiple unlicensed bands combinations
The non-performance related setups are not so critical for the final performance requirements and has less impact on our current simulation work. Thus, we can try our best to get agreements for all issue if possible. If it is challenge to agree all aspects, we shall prioritize the discussion on the performance related setup. 
[bookmark: _Toc473119239][bookmark: _Toc473129665][bookmark: _Toc473188781][bookmark: _Toc473201927][bookmark: _Toc473203354][bookmark: _Toc473203504][bookmark: _Toc473898012][bookmark: _Toc473920905][bookmark: _Toc473920973]Prioritize the discussion on the performance related setup to accelerate the simulation campaign
[bookmark: _Ref473121372]Performance related setup
Reference receiver
In legacy system, performance requirements are defined for two kinds of receiver, one is MRC receiver and one is IRC receiver. For IRC, it is introduced in Rel-13. However, In the eLAA test, only noise is modelled. Under this condition, the performance of MRC shall be very similar to IRC. As minimum performance requirements, MRC receiver can be assumed in the performance requirements. 
[bookmark: _Toc473920906][bookmark: _Toc473920974]MRC receiver is set as the reference receiver for eLAA performance requirements

Channel bandwidth allocation
For LAA Scell(s), there are two channel bandwidth options for single carrier, one is 20MHz and one is 10MHz. In practical network, 20MHz is more widely used. Thus, 20MHz can be set as the channel bandwidth. 
For licensed carrier, per the applicability rule defined in 36.141 as:
“For a BS supporting FDD UL carrier aggregation, only the FDD CC combination with largest aggregated bandwidth is used for the test. If there is more than one combination the FDD CC combination with the largest number of component carriers is used for the test. For this CC combination the tests using full PRB allocation FRC are conducted on per CC basis and measured by the required SNR levels corresponding to the bandwidths used on the different CCs.
Based on this principle, in case a BS supporting 10MHz (licensed CC) + 20MHz (unlicensed CC), the performance on the 10MHz (licensed CC) shall refer to what we have defined for 10MHz (licensed CC); in Case a BS supporting 20MHz (licensed CC) + 20MHz(unlicensed CC), the performance on the 20MHz(licensed) shall refer to what we have defined for 20MHz (licensed CC), and so on. Thus, it is not necessary to explicitly state the bandwidth configuration for the licensed CC. 
[bookmark: _Toc473920907][bookmark: _Toc473920975]20MHz is set as the channel bandwidth for LAA Scell(s)
Antenna configuration
For most of practical deployments, the UE is only with one TX. For eNB side, there may be multiple RX configurations, such as 2 RX or 4 RX. Since most of eNBs support 2 RX, we can define 2 RX first. If needed, 4 Rx can also be considered. In case 8 RX is required by the market, the requirements can be added later similar as what we have done in the legacy release.  
[bookmark: _Toc473920908][bookmark: _Toc473920976]1 TX is assumed at UE side for transmission in the eLAA BS demodulation test
[bookmark: _Toc473920909][bookmark: _Toc473920977]2 RX or 4 RX are assumed at eNB side in the eLAA BS demodulation test
Starting PUSCH symbol configuration
In RAN1, one of four starting symbol positions can be signalled for the first subframe in DCI formats 0/4A/0B/4B, they are shown in Table 2. 
[bookmark: _Ref462922502]Table 2: PUSCH starting position 
	Value
	PUSCH starting position

	00
	symbol 0

	01
	25µs in symbol 0

	10
	(25+TA) µs in symbol 0

	11
	symbol 1



If value “00” is selected, it is quite similar to the legacy performance, and in case “01” “10” and “11” are selected, new eNB behaviour is expected. But the new behaviour is quite similar for case “01” “10” “11”. For case “11”, eNB just need to blank symbol 0. For case “01” and “10”, partial OFDM symbol 0 is blanked. Compared with case “11”, it seems “01” or “10” is more general. Thus, we can select “01” as the configuration.  
In RAN4#81 meeting, some companies propose to have dynamic signalling the starting PUSCH symbol configuration, it seems it is not necessary. First, whether dynamic signalling the starting PUSCH symbol or semi-static configure starting PUSCH symbol is purely BS implementation. Some BS may use dynamic signalling and some BS may use semi-static signalling. It is not reasonable in the specification to mandate all BS shall use dynamic signalling for the starting PUSCH symbol. 
Further, the dynamic signalling will increase the test complexity. However, from BS behaviour and performance point of view, the impact is negligible using dynamic signalling or semi-static configuration. Thus, we suggest to use semi-static configuration for the starting PUSCH symbol. 
[bookmark: _Toc473129666][bookmark: _Toc473188782][bookmark: _Toc473201928][bookmark: _Toc473203355][bookmark: _Toc473203505][bookmark: _Toc473898013][bookmark: _Toc473920910][bookmark: _Toc473920978]The starting PUSCH symbol is static configured in the test

Ending symbol configuration
According to RAN1 agreements, one of two ending symbol positions can be configured. Value 0 indicates PUSCH in a UL subframe is transmitted up to OFDM symbol 13 and value 1 indicates PUSCH is transmitted up to OFDM symbol 12. Up to OFDM symbol 13 or up to OFDM symbol 12, both are treated in legacy system. For example, when sounding signal is configured, the PUSCH format is exactly the same as the format with up to OFDM symbol 12. In order to simply the test, only one value is selected for the PUSCH transmission, for example, value “0” is used to indicate to simply the test. 
[bookmark: _Toc473920911][bookmark: _Toc473920979]PUSCH is transmitted up to OFDM symbol 13

Number of UE to be modelled in the performance requirements
In legacy, only one UE is modelled in the test. First, if multiple UEs are modelled, it will increase the test complexity. Further, from BS behaviour point of view, one UE is modelled or multiple UEs are modelled, the BS behaviour are expected to be the same. Thus, it is not necessary for RAN4 group to define performance requirements based on multiple UEs. 
[bookmark: _Toc473188783][bookmark: _Toc473201929][bookmark: _Toc473203356][bookmark: _Toc473203506][bookmark: _Toc473898014][bookmark: _Toc473920912][bookmark: _Toc473920980]Keeping legacy test method for eNB performance and one UE is modelled in the test

UL burst transmission model
For UL burst transmission model, two options are on the table:
· Option 1: UL burst transmission model needs to be defined
· Option 2: No UL burst transmission model needs to be defined.
The purpose to model LBT for uplink transmission is to verify whether eNB can handle PUSCH missing due to LBT fail. However, this behaviour is not new. This behaviour is a nature behaviour from Rel-8. From Rel-8, Uplink grant may be missing. When uplink grant is missing, PUSCH will be not be transmitted from UE. In this case, eNB must take proper action for the PUSCH missing. Thus, it is not so critical to model LBT or not in the eLAA performance requirements. 
Furthermore, as what we have observed in downlink LBT model, it takes tremendous time to converge on the LBT model. If we can avoid the LBT model, we prefer not to model LBT in uplink performance requirements. 
[bookmark: _Toc473920913][bookmark: _Toc473920981]No LBT is modelled for PUSCH transmission

Resource allocation
Per the RAN1 agreements, we have two type resource allocations, one is continuous interlace allocation and one is distributed interlace allocation. The description is defined in 36.213 as:



Uplink resource allocation type 3 is only applicable for a LAA SCell. The resource allocation information for uplink resource allocation type 3 indicates to a scheduled UE a set of allocated resource blocks,  where, , . A resource allocation field in the scheduling grant consists of a resource indication value (RIV).  





For  ,  and the resource indication value corresponds to the starting resource block () and the value of () . The resource indication value is defined by,

if  then


else 





For , the resource indication value corresponds to the starting resource block () and the set of values  according to Table 8.1.4-1.



Table 8.1.4-1:  and  for .
	

	

	


	0
	0
	{0, 5}

	1
	0
	{0, 1, 5, 6}

	2
	1
	{0, 5}

	3
	1
	{0, 1, 2, 3, 5, 6, 7, 8}

	4
	2
	{0, 5}

	5
	2
	{0, 1, 2, 5, 6, 7}

	6
	3
	{0, 5}

	7
	4
	{0, 5}





For these two kinds of resource allocation, we can have two tests, one test is for continuous interlace resource allocation and one test is for distributed interlace resource allocation. In the test one, we can set  and . In the second test case,   can be given.  
[bookmark: _Toc473920914][bookmark: _Toc473920982]Both continuous interlace resource allocation and distributed interlace resource allocation are tested

Channel model
For the channel model, in legacy test, we have EPA 5Hz low, EVA 5Hz low, EVA 70Hz low, ETU 70Hz low, and ETU 300Hz low. Since LAA is more target for indoor scenario and small cell scenario. It may be not so desirable for high speed scenario. Thus, we can down select one from low speed scenario. For example, one is selected from EPA 5Hz low or EVA 5Hz Low. 

Modulation
In legacy test, there are three MCSs which are typically used. They are QPSK 1/3, 16QAM 3/4 and 64QAM 5/6. These three MCS have provided good coverage. As a start point, we can set them as the start point for our current discussion. If there no technique issues are identified, we can down-select MCS from them. 

Test setup summary
In Table 3, the parameters are summary and tabulated. 
[bookmark: _Ref473202534]Table 3: Parameters setup for PUSCH Performance requirements
	Parameter
	Value

	Carrier frequency
	5 GHz

	System bandwidth for LAA Scell
	20 MHz

	Channel model
	Down selected from EPA 5Hz or EVA 5Hz

	Antenna setup
	1Tx, 2Rx and [4 RX] LOW

	Number of interlaces
	2

	Number of PRBs per interlace
	10

	PUSCH frequency hopping
	No

	DFT-OFDM Symbols per subframe (Note: Not including DMRS OFDM symbols)
	11 

	MCS
	Down selected from QPSK 1/3, 16QAM ¾ or 64QAM 5/6 

	CP type
	Normal

	Signal bandwidth per PRB
	180kHz

	Receiver noise
	AWGN

	Number of user
	1

	Frequency error
	0

	Time error
	0

	Interference
	no

	Reference Receiver
	MRC

	Performance Metric
	SNR values [dB] for which 70% of maximum throughput is achieved

	Max number of HARQ Transmissions
	4

	LBT model
	No



[bookmark: _Toc473203357][bookmark: _Toc473203507][bookmark: _Toc473898015][bookmark: _Toc473920915][bookmark: _Toc473920983]Considering Table 3 as the start point for the simulation assumption for PUSCH performance requirements
Test case list
Based on the proposals in section 3.2, we can have the test listed as shown in Table 2.

[bookmark: _Ref473121522]Table 4: Test list for eLAA BS
	Test case number
	Channel
	Resource allocation
	Antenna configuration

	1
	PUSCH
	Continuous interlace allocation
	1x2

	2
	
	
	1x4

	3
	
	Non-continuous interlace allocation
	1x2

	4
	
	
	1x4

	Note 1: One MCS and one channel model is selected for each antenna configuration




Conformance related test setup and other miscellaneous
[bookmark: _Ref473189643]Extension for future possible multiple licensed bands and multiple unlicensed bands combinations
In legacy BS CA test, in section 8.1 of 36.104, we have the following description:
“Unless stated otherwise, performance requirements apply for a single carrier only. Performance requirements for a BS supporting carrier aggregation are defined in terms of single carrier requirements.”
Based on this description, we just define the performance requirements for a single carrier case. Performance requirements for a BS supporting CA are defined terms of single carrier requirements. 
For the applicability rule, in section 8.2 of 36.141, we have the following description:
“For a BS supporting FDD UL carrier aggregation, only the FDD CC combination with largest aggregated bandwidth is used for the test. If there is more than one combination the FDD CC combination with the largest number of component carriers is used for the test. For this CC combination the tests using full PRB allocation FRC are conducted on per CC basis and measured by the required SNR levels corresponding to the bandwidths used on the different CCs.
For a BS supporting TDD UL carrier aggregation, only the TDD CC combination with largest aggregated bandwidth is used for the test. If there is more than one combination the TDD CC combination with the largest number of component carriers is used for the test. For this CC combination the tests using full PRB allocation FRC are conducted on per CC basis and measured by the required SNR levels corresponding to the bandwidths used on the different CCs.
For a BS supporting carrier aggregation the tests with single PRB FRC are conducted on any single component carrier only. “
For the principle, we can directly use them in LAA test. 
Based on this principle, we can define performance requirements for LAA Scell(s) based on one LAA carrier. The performance requirements for a BS supporting CA are defined terms of single carrier requirements. 
[bookmark: _Toc473203508][bookmark: _Toc473898016][bookmark: _Toc473920916][bookmark: _Toc473920984]Reuse the legacy CA test principle, wherein performance requirements for a BS supporting carrier aggregation are defined in terms of single carrier requirements

UL grant Scheduling
For UL grant scheduling, two options are on the table:
· Option 1: One stage scheduling
· Option 2: Two stage scheduling
For scheduling point of view, there is not too much impact on the PUSCH performance. One-step scheduling is much simple and can be used as baseline. 
[bookmark: _Toc473920917][bookmark: _Toc473920985]One stage scheduling is used for eLAA demodulation test
LAA Sell Carrier Scheduling
For carrier scheduling, two options are on the table:
· Option 1: Self-carrier scheduling for both UL and DL
· Option 2: Self-scheduling on DL and Cross-carrier scheduling on UL
It is independent of performance requirements. If needed, the basic one shall be selected. Obviously, option 1 is much simple than option 2. Further, based on the applicability rule defined in legacy CA, which is discussed in section 3.4.1, the general principle is:
“Performance requirements for a BS supporting carrier aggregation are defined in terms of single carrier requirements”
If cross-carrier scheduling is used, different carriers have some coupling, which lead to RAN4 group shall re-review whether this principle still holds true or not. Thus, it is also not desirable to have cross-carrier scheduling in LAA performance requirements. 
[bookmark: _Toc473920918][bookmark: _Toc473920986]Self-carrier scheduling is used for both UL and DL
[bookmark: _Toc472092067]Conclusion
In this paper, we provide extensive discussion on the test list for eLAA PUSCH and their corresponding test. Based on the discussion, we have the following proposals:
[bookmark: _GoBack]Proposal 1	RAN4 should discuss on how to verify new UE behavior with multiple uplink grants, multiple subframes scheduling and new C-PDCCH with uplink configuration.
Proposal 2	Prioritize the discussion on the performance related setup to accelerate the simulation campaign
Proposal 3	MRC receiver is set as the reference receiver for eLAA performance requirements
Proposal 4	20MHz is set as the channel bandwidth for LAA Scell(s)
Proposal 5	1 TX is assumed at UE side for transmission in the eLAA BS demodulation test
Proposal 6	2 RX or 4 RX are assumed at eNB side in the eLAA BS demodulation test
Proposal 7	The starting PUSCH symbol is static configured in the test
Proposal 8	PUSCH is transmitted up to OFDM symbol 13
Proposal 9	Keeping legacy test method for eNB performance and one UE is modelled in the test
Proposal 10	No LBT is modelled for PUSCH transmission
Proposal 11	Both continuous interlace resource allocation and distributed interlace resource allocation are tested
Proposal 12	Considering Table 3 as the start point for the simulation assumption for PUSCH performance requirements
Proposal 13	Reuse the legacy CA test principle, wherein performance requirements for a BS supporting carrier aggregation are defined in terms of single carrier requirements
Proposal 14	One stage scheduling is used for eLAA demodulation test
Proposal 15	Self-carrier scheduling is used for both UL and DL

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref473109051][bookmark: _Ref174151459][bookmark: _Ref189809556]R4-1610706, Way forward on eLAA demodulation performance, Huawei, RAN4#82, Nov. 2016.
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