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Introduction

An ad hoc meeting on eLAA RF & LAA multi-node testing was held Wednesday evening 19.30 – 21.20.

The following companies and organizations were present: Ericsson, Nokia, Huawei, Qualcomm, , NTT DOCOMO, , Orange, Rohde & Schwarz, Samsung, Dish,, Vodafone, Intel, Broadcom, Cablelabs, KDDI, FCC, Skyworks, Telecom Italia, Blackberry, Mediatek, LG, Anritsu, WiFi Alliance.
Agenda

1. LAA multi-node testing (7.1)
2. eLAA BS RF (8.18.3)   (Partly discussed)
3. eLAA UE RF (8.18.2)   (Not discussed)
Key to document handling:

“Agreed” by the ad hoc
Can be noted
1.
LAA multi-node testing (7.1)
1.1
General (7.1.1)
Reference documents:

[1] R4-166285, "work plan for multi-node testing for LAA" (Huawei). (other)

[2] R4-166287, "TP for multi-node testing TR: Scope" (Huawei). (other)

[3] R4-166288, "TP for multi-node testing TR: Section 4 and 5" (Huawei). (other)

[4] R4-166543, "Skeleton of TR 36.789 for multi-node coexistence test" (Ericsson). (draft TR)

[5] R4-166544, "TP on Scope of TR 36.789: multi-node coexistence test" (Ericsson). (other)

[6] R4-166545, "TP on co-existence test for TR36.789: multi-node coexistence test" (Ericsson). (other)

Work plan:

· Proposed work plan in [1]

Discussion:

Not discussed.
TR and general TPs for the TR:

· Skeleton TR in [4]
Abstract: Skeleton TR for multinode-tests TR36.789
· Scope for TR in [2]
Abstract: -
· Scope for TR in [5]
Abstract: TP to include the scope of the TR
· Overview of co-ex testing in [3]
Abstract: -
· Overview of co-ex testing in [6]
Abstract: TP to include high level descriptions on coexistence tests.

Discussion:

Chairman’s proposal: The TR rapporteur will merge all TPs for discussion off-line together with the proponents.
1.1
Multi-node testing (7.1.2)
Documents:

[7] R4-165830, "Throughput test for LAA multi-node tests" (Qualcomm Incorporated). (other)

[8] R4-166286, "Consideration on multi-node testing" (Huawei). (other)

[9] R4-166542, "Details on multi-node tests for Rel-13 LAA" (Ericsson). (other)

[10] R4-166587, "On multi-node tests for LAA" (Nokia). (other) [Moved from 7.1.1]

[7]
R4-165830, "Throughput test for LAA multi-node tests" 
(Qualcomm Incorporated)
Proposal 1: to include the test procedure defined for Throughput Test 1 in TR 36.789.
Throughput Test 1.
The goal of this test is two evaluate the impact from LAA DL node (eNodeB) to Wi-Fi node. The test consists of the following steps:
1. Baseline: Wi-Fi to Wi-Fi. In this step Node A and Node B are Wi-Fi APs, Node C and Node D are Wi-Fi STAs.
2. LAA and Wi-Fi coexistence. In this step Node B is replaced with LAA eNodeB and Node D is replaced with LAA UEs
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Discussion:

Broadcom: What are the criteria to select the WiFi nodes?
Qualcomm: Use a set of commercial devices.

Broadcom: Should it not be WFA certified devices?

Ericsson: They should represent multiple standards and multiple vendors; Should be the devices available.

Broadcom: RAN1 work has been done for 802.11ac devices. Should be some compliance.

Qualcomm: Assumption was commercial devices from vendors that are assumed to be WiFi certified. Should be a good representation, avoiding outliers.

Broadcom: 11ac has been agreed in RAN plenary. 

Ericsson: To be checked. Devices should be representative of devices available.

Cablelabs: Concurs that the devices should have basic compatibility with WiFi specs.

Huawei: We need to consider co-existence with exiting devices that are used, not only a set of devices.

Cablelabs: Is it only single test levels?

Qualcomm: It is agreed to have both above and below -72 dBm, the contribution is about the procedure. 

Broadcom: Agreed in plenary to have two metrics, outage and throughput.

On the procedure, Ericsson largely agrees on the test procedure. Needs more work on details.

[8]
R4-166286, "Consideration on multi-node testing" 
(Huawei)
Table 1 Test scenarios for Rel-13
	Scenario
	Victim system
	Aggressor system
	Traffic Type for both victim and aggressor

	
	Victim device to be tested
	Companion victim device
	Aggressor device in baseline
	Companion aggressor device
	Aggressor device to be tested
	Companion aggressor device
	

	1
	Wi-Fi AP
	Wi-Fi STA
	Wi-Fi AP
	Wi-Fi STA
	LAA BS
	LAA UE
	Best effort

	2
	Wi-Fi AP
	Wi-Fi STA
	Wi-Fi AP
	Wi-Fi STA
	LAA BS
	LAA UE
	Voice

	3
	LAA BS
	LAA UE
	LAA BS
	LAA UE
	Wi-Fi AP
	Wi-Fi STA
	Best effort

	4
	LAA BS
	LAA UE
	LAA BS
	LAA UE
	Wi-Fi AP
	Wi-Fi STA
	Voice
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Proposal 1: It is proposed test setup and test scenarios above are adopted in the multi-node test.
Proposal 2: It is proposed to adopt the following interfering signal levels for RX interfering signal in the test:

1. The received interfering signal level > -62dBm/20MHz for both aggressor and victim devices

2. The received interfering signal level < -82dBm/20MHz for both aggressor and victim devices
Proposal 3: TCP with only DL traffic and UDP with only DL traffic can be adopted as best effort and voice respectively for both victim and aggressor devices.

Proposal 4: It is proposed to fix the SNR at the companion device in the range fit for 64QAM.

Proposal 5: It is proposed choose several commercial devices in the test and collect a range of performance.

Proposal 6: it is FFS how to set the test requirements, i.e. which criterion for passing the test should be picked.
Discussion:

Broadcom: On P4, MCS tables for 256QAM were used. Supported by commercial 11ac.
Huawei: There should be similar scheme.

Qualcomm: This is a RAN4 discussion, we are setting up interfering and wanted signal link. We work wit h64QAM, since it represents the common mode of operation.

Broadcom: This was used in RAN1 for fair co-existence studies. Does not impact spectral efficiency.
Huawei: From that aspect, we do not need to consider throughput, only channel access time…? Would be a completely different approach.

Broadcom: Understands that LTE and WiFi throughput could be different. This is compared to WiFi Baseline, LTE does not need to have same throughput.

Ericsson: We are talking about a fair baseline, selecting 64QAM for both.

[9]
R4-166542, "Details on multi-node tests for Rel-13 LAA" 
(Ericsson)

Test cases for throughput tests:

	
	Transmitter
	Receiver
	Comparison 
	Criteria

	Case 1:
	LAA
	WiFi
	WiFi-WiFi
	Impact of LAA transmitter on WiFi throughput: 2nd receiver system achieves certain level of throughput, its WiFi STA in this case.

	Case 2:
	WiFi
	LAA
	LAA-LAA
	Impact of WiFi transmitter on LAA throughput: 2nd receiver system achieves certain level of throughput, its LAA UE in this case.


Observation: Tests should only be performed for channel priority class capabilities that are declared by the LAA node. 
For LAA BS that also implements priority class 1. The test case can be described as follows:
	
	Transmitter
	Receiver
	Comparison
	Traffic
	Criterion

	Case -3 
	LAA BS 
	WiFi AP
	WiFi-WiFi
	VoIP traffic in all nodes
	The criterion should be investigated in more detail. One possibility could be: outage should not be worse in second system receiver when the transmitter is replaced 

	Case- 4
	WiFi AP
	LAA BS
	LAA-LAA
	VoIP traffic in all nodes
	


WiFi-WiFi benchmark should be defined based on multi-vendor and multi-standard (i.e. multi-generation WiFi systems) example of devices. For example, if there are three WiFi devices representing different vendors, standards and generations of WiFi systems, the throughput performance criteria need be defined based on statistics of throughput performance when WiFi(1)-to-WiFi(2), WiFi(2)-to-WiFi(3), and WiFi(3)-to-WiFi(1), setup is considered.  

If there are several  WiFi-WiFi cases which  achieves a minimum (or average) throughput of TPW1 TPW2 ,…, TPWn, and LAA-WiFi case for corresponding WiFi implementations achieves throughput of TPL1, TPL2, …, TPLn, then the following conditions need to be considered:

· CDF of WiFi-to.WiFi case

· CDF of LAA-to-WiFi case
For both cases above, the criterion can be any of the following:

· within x% of mean,
· within min/max, 
· within certain range, etc
Test signal levels: (Δ =10dB could be a good choice.)
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Discussion:

-
[10]
R4-166587, "On multi-node tests for LAA" 
(Nokia)

Observation 1: Main goal of multi-node tests is to ensure that cross technology coexistence in 5 GHz unlicensed band can be achieved.

Proposal 1: RAN4 should carefully choose appropriate implementations of Wi-Fi and LAA systems use in multi-node tests.
Proposal 2: RAN4 should consider signal levels, which will be used for multi-node test taking into account principles how systems were design.
Discussion:

Broadcom: Thinks we should disable for example DRx, any non-deterministic behaviour that impacts channel access should be disabled for both technologies in the test.
Qualcomm: If it is a feature commonly used in the field, why should it be disabled?

Broadcom: Specific devices may have other power settings, will depend on which market you take it from.

Qualcomm: The intention was to account for this statistically. Disagrees with mandating or disabling these settings – is against the philosophy of the test. The equipment should be representative of what is in the field.

Broadcom: The outcome would be random depending on what devices are picked.

Ericsson: When we disable some of these features, it may work inside the lab but not outside.

Broadcom: We should specify the set of parameters that affect co-existence and should be set.

Cablelabs: A compromise could be to identify which features that may have impact on channel access and document their settings.

Qualcomm: That is a fair comment. OK to list the features, but not to disable features; The goal is not to investigate WiFi features.

Broadcomm: Many features are user tunable.

Way forward:

Huawei will produce a way forward document: List common points that are agreeable and open issues to investigate.
2.
eLAA BS RF (8.18.3)
Reference documents:
[11] R4-165225, "BS RX RF requirements for UL LAA" (NTT DOCOMO INC.). (other)

[12] R4-166289, "SNR and IM consideration on BS RX for eLAA" (Huawei). (other)

[13] R4-166290, "REFSENS on BS RX for eLAA" (Huawei). (other)

[14] R4-166291, "Dynamic range on BS RX for eLAA" (Huawei). (other)

[15] R4-166292, "ICS on BS RX for eLAA" (Huawei). (other)

[16] R4-166293, "ACS and Blocking on BS RX for eLAA" (Huawei). (other)

[17] R4-166294, "Spurious emission on BS RX for eLAA" (Huawei). (other)

[18] R4-166295, "RX intermodulation on BS RX for eLAA" (Huawei). (other)

[19] R4-166296, "Draft CR for eLAA BS Rx requirements" (Huawei). (draftCR)

[20] R4-166297, "UEM requirement for 10MHz CBW for eLAA" (Huawei). (other)

[21] R4-166298, "ACLR requirement for 10MHz CBW for eLAA" (Huawei). (other)

[22] R4-166299, "Draft CR for eLAA BS Tx requirements" (Huawei). (draftCR)

[23] R4-166501, "Basestation Rx requirements for eLAA" (Qualcomm Incorporated). (discussion)

[24] R4-166534, "Investigations of BS noise figure values on eLAA UL Performance" (Ericsson). (other)

[25] R4-166535, "Suitable ACS requirement for BS receiver for UL LAA operation" (Ericsson). (other)

[26] R4-166536, "BS receiver requirements for Rel-14 eLAA" (Ericsson). (other)

[27] R4-166537, "CR on BS receiver requirements for Rel-14 eLAA" (Ericsson). (CR)

[28] R4-166586, "On eLAA BS Rx requirements" (Nokia). (other)
BS Rx: REFSENS requirement level:

· Same NF and IM values with non-LAA BS should be used for LAA BS RX requirement [11]

· REFSENS to be scaled for a new FRC A1-6 (interlaced waveform), use same SNR per RB [23].
· REFSENS at -90 dBm/20 MHz, assuming a NF of 16.5dB (3.5 dB more than LA BS) [24]

· REFSENS for new FRC derived through link level simulations, NF+IM should remain [12][13]
· Consider reusing legacy LTE REFSENS for LAA Local Area BS and Medium Range BS. New FRC for eLAA should be consider with interlace composed of 10RBs for 20MHz [28]
Discussion:

Huawei: Need link level simulations, since the modulation scheme and waveform is different from LTE.
Nokia: If there is a new FRC, we would need link level simulations.

Qualcomm: Not clear why link level simulations would be needed. It is same coding and waveform, just different allocations – why would the SNR be different?

Huawei: The SNR is different for different RB allocations in the specification today.

Qualcomm: The difference is 0.9 dB between lowest and highest allocation. What is the reason?

Huawei: Proposes to use the LA BS sensitivity for both MR and LA BS.

Ericsson: Do not think we should have same level. We either revise them or keep them for both LA and MR class.

Qualcomm: Proposes to re-use the same NF and IM, as proposed by DoCoMo.

Huawei: Is the intention to have different equipment?

Ericsson: The  decision on noise figure depends on the choice of single or two sets of requirements.

Qualcomm: If we want to close the WI this meeting, we need to re-use NF, IM, SNR and scale with the new FRC. 

Conclusions:

· Re-use IM. 

· Different set of requirements the LA and MR BS classes or a single set for both?
· NF: Either re-use vaues or possible relaxation. (Depends on one or two requirement sets)

· SNR: Either re-use or make new simulations of the FRC.
BS Rx: ACS/in-band blocking requirement level:

· ACS for B46 based on 45 dBc, 20 MHz interfering signal at -44 dBm; In-band blocking -35 dBm [23]
· ACS for B46 with 20 MHz interfering signal at -44 dBm; In-band blocking -35 dBm [16]

· ACS based on 35dBc. [25][26]

· ACS for B46 (LA and MR BS) with 20 MHz interfering signal at same level (-44 dBm)  as LA BS; IN-band blocking -35 dBm [28] 
Discussion:

Not treated.
Out-of-band Blocking:

· CW Blocking level -35 dBm for 20 MHz, -15 dBm for >500 MHz offset [16]

· CW Blocking level -25 dBm for >40 MHz, -15 dBm for >500 MHz offset [23]

· Consider -30 dBm blocking level for >20 MHz for LA and MR BS in B46 [28] 
(and -15 dBm for >500 MHz)
Discussion:

Nokia: The proposal for B46 also includes the -15 dBm blocker at large offsets.
Narrowband blocking/intermodulation:

· If NB interfering signals never exists, then narrowband Rx Intermodulation is not needed [11]

· Narrow-band blocking/[intermodulation] requirement can be not specified for eLAA BS [16] [18]

· Proposed that the narrowband blocking requirement is not applicable to eLAA in Band 46 [23]

· No narrowband intermodulation (single RB) requirement. [28]
Discussion:

DoCoMo: What about using interlace transmission in the downlink, could be seen as a NB signal?
Nokia : The assumed scenario for NB blocking is a UE transmitting.

Ericsson: For indoor simulations, the minimum distance assumed is 3 m.

Qualcomm: The scenario for NB blocking is a very particular case for NB Tx from an LTE node to an adjacent node.

Possible agreement: No NB intermodulation, no NB blocking requirements.
3.
eLAA UE RF (8.18.2)
Reference documents:
[29] R4-165237, "ACLR for eLAA UEs" (NTT DOCOMO, INC.). (other)

[30] R4-165409, "eLAA PA model" (Nokia). (other)

[31] R4-166118, "CR on UE RX requirements due to introduction of 10MHz CBW" (Huawei, Hisilicon). (CR)

[32] R4-166139, "Intermodulation considerations for UL CA including B46 UL" (Huawei, Hisilicon). (discussion)

[33] R4-166176, "Discussion on Power Spectral Density of UL transmissions in eLAA" (BROADCOM LIMITED). (discussion)

[34] R4-166499, "General UE Tx requirements for eLAA in Band 46" (Qualcomm Incorporated). (discussion)

[35] R4-166500, "eLAA UE MPR" (Qualcomm Incorporated). (discussion)

[36] R4-166538, "UE unwanted emission mask in Rel-14 eLAA" (Ericsson). (other)

[37] R4-166539, "CR on UE unwanted emission mask in Rel-14 eLAA" (Ericsson). (CR)

[38] R4-166540, "LBT functionality requirements for UE in Rel-14 eLAA" (Ericsson). (other)

[39] R4-166541, "CR on LBT functionality requirements for UE in Rel-14 eLAA" (Ericsson). (CR)
ACLR:

· ACLR2 of at least 40 dB should be specified for eLAA UEs [29]

· Could relax ACLR1 to 25 dB [34]

Discussion:

Not discussed.
SEM:

· Maintain the E-UTRA mask, the ETSI mask can be signalled by NS [29]
· Adopt similar mask for UE and BS for band 46 operation [37]
Discussion:

Not discussed.

PSD of UL transmission:

· The eLAA UL waveform shall be modified to satisfy the PSD regulations. Multiple approaches are possible and should be explored [33]

Discussion:

Not discussed.

Maximum output power:

· Based on considerations of MPR, proposes 20 dBm [34]

Discussion:

Not discussed.

MPR:

· Proposal for 3 dB, 3.5 dB, and 4.5 dB for QPSK, 16QAM, and 64QAM, respectively [35]

Discussion:

Not discussed.
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