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Introduction
The following email discussion on ED threshold was started with the way forward documents listed below as the starting point. 
Agreements:
RAN1 first identifies cases for ED threshold adaptation, and rules for each case
Starting from R1-156320, R1-156269, R1-156360, and R1-156361
Email approval until 29th October – Havish (Ericsson)

To facilitate progress, this document attempts to capture inputs on the main issues under discussion in Section 2. The contents of the way forwards listed above are reproduced below for convenience.

R1-156320 WF on LAA DL LBT ED Threshold Adaptation Rule        Ericsson, Nokia Networks, Intel, ALU, ASB
· For scenarios and deployment environments that the LAA ED threshold should be lowered than Tmax, the eNB shall set its maximum ED threshold T for an LBT procedure leading to the transmission of a transmission burst as the following:

· T = min(Tmax, Tmax – Y + (PH – PTX) + g(Tmax – Y + (PH – PTX), Nmeas ) ) where
· Tmax = -75 dBm/MHz + 10*log10(BW) (MHz), if PH ≥ 23 dBm. Otherwise Tmax = -75 + (23 - PH) dBm/MHz + 10*log10(BWMHz)
· PH is the maximum transmit power in dBm
· PTX is in dBm
· Y is an offset in dB
· Nmeas is the measured ambient noise floor on the carrier in dBm
· FFS on PTX
· Candidates:
· Alt 1: Maximum rated EIRP of the DUT (device under test) 
· Alt 2:Maximum transmit power for the next transmission burst
· Alt 3: Maximum transmit power for the configured carrier
· FFS on Y
· Candidates:
· Y=10 dB
· Y=15 dB
· FFS on g(Tmax – Y + (PH – PTX), Nmeas ) 
· Candidates:
· Alt 1: 
· g(. ) = 0
· Alt 2: 
· If Nmeas < Tmax - Y + (PH – PTX) - X dBm,  g(.) = 0
· Otherwsie g(.) =  Nmeas – (Tmax - Y + (PH – PTX) ) + X
Baseline X= 8 dB. FFS on other values.


R1-156360 Proposed Harmonized WF on LAA DL LBT ED Threshold Adaptation Rule (Functionality of Detecting On-going 802.11 a/n/ac tx)              Cisco Systems, Broadcom
· For the functionality when an LAA eNB is capable of detecting and attempts to detect, for LBT, the presence (including start and duration) of 802.11a/n/ac transmission on the same channel that the LAA eNB intends to transmit on, then
· Detection Threshold for detecting the presence (including start and duration) of 802.11 a/n/ac transmission = -82 dBm in the absence of interference
· Note: This rule does not mandate that an LAA device satisfying above functionality, must apply a detection threshold of -82 dBm, upon detecting another LAA device.  
· Baseline maximum single channel ED threshold = -62 dBm (20 MHz, 23 dBm EIRP) 
· FFS: other values of maximum single channel ED threshold (subjected to regional regulations)
· Upon detecting presence of an ongoing 802.11a/n/ac transmission (including start and duration), the LAA eNB should regard the channel as busy for the purpose of Cat-4 LBT for the duration of the 802.11a/n/ac transmission


R1-156361 Proposed WF on LAA DL LBT ED Threshold Adaptation Rule (Remaining Functionalities)         Cisco Systems, Broadcom
· The LAA ED threshold, should be lower than Tmax [defined on next slide] at least for the following functionalities:
· An LAA eNB is capable of detecting presence of a 802.11 a/n/ac BSS, but not capable of detecting the start and duration of a 802.11 a/n/ac transmission, on the same channel that the LAA eNB intends to transmit on.
· An LAA eNB is not capable of detecting whether there is a co-channel Wi-Fi BSS transmission on the same channel that the LAA eNB intends to transmit on, and the absence of the co-channel 802.11 a/n/ac transmission cannot be guaranteed
· For LAA eNB functionalities where the LAA ED threshold should be lowered than Tmax, the eNB shall set its maximum ED threshold T for an DL Cat 4 LBT procedure leading to the transmission of a transmission burst as the following:
· T = min(Tmax, Tmax – Y + (PH – PTX) + g(Tmax – Y + (PH – PTX), Nmeas ) ) where
· Tmax = -75 dBm/MHz + 10*log10(BW) (MHz)
· PH is the maximum band-specific EIRP (e.g. 23 dBm)
· PTX is in dBm (definitions listed on next page)
· Y is an positive offset in dB
· BW: single channel bandwidth (MHz)
· Nmeas is the measured ambient noise floor on the carrier in dBm
· PTX
· Alt 1: Maximum rated EIRP of the DUT (device under test) 
· FFS
· Alt 2:Maximum transmit power for the next transmission burst
· Alt 3: Maximum transmit power for the configured carrier
· FFS on Y
· FFS on g(Tmax – Y + (PH – PTX), Nmeas ) 
· Candidates:
· Alt 1: 
· g(. ) = 0
· Alt 2: 
· If Nmeas < Tmax - Y + (PH – PTX) - X dBm,  g(.) = 0
· Otherwise g(.) =  β [Nmeas – (Tmax - Y + (PH – PTX) ) - X)]
· 0 < =β <= 1, Exact value is FFS, See Example on next slide
· X > 0, FFS: value of X
· Measurement procedure of Nmeas  
· Should be observed over a sufficiently long interval to accurately determine background noise statistics in a high density deployment
· Remaining aspects are FFS

R1-156269 WF on Detection of Other RATs                          BlackBerry, Cisco, Broadcom
· For Rel-13, RAN1 specifications define DL LBT procedures and ED threshold rules as a function of eNB capability and detected state:
· A) Wi-Fi detected, or eNB is not capable of Wi-Fi detection
· B) Wi-Fi absent (applies only if eNB is capable of Wi-Fi detection)
[FFS whether additional states / substates are needed e.g. specific to single/multi-channel operation]
· Minimum requirements on detection performance should also be specified for eNBs that are Wi-Fi detection capable, to enable introduction of suitable conformance tests by other WGs.
These will cover at least:
· Characteristics that identify the presence of Wi-Fi
· Conditions (e.g. signal levels) under which Wi-Fi detection should be possible
· Timing aspects (e.g. maximum allowed time to detect the presence of Wi-Fi)

Discussion

A. Conditions requiring different ED threshold settings for LAA
Companies are invited to provide their views on the conditions for which ED threshold settings may be different. Any views on minimum requirements for the different conditions should be included in this section.
	Company
	Comments

	Cisco
	LAA eNB functionalities, in terms of the eNB’s capabilities and detected state (whether WI-Fi is detected or not) as well as the ED threshold adaptation rules have been clearly defined in R1-156360 and R1-156361. 
3GPP should specify these eNB functionalities and corresponding ED adaptation rules, with the intent that an LAA eNB’s behaviour (in terms of channel sensing, sensing thresholds and performance requirements to detect presence of Wi-Fi (if applicable)) are clearly defined in the core specification. 
Adaptation rules should be independent of deployment scenario.

	Broadcom
	Support R1-156360 and R1-156361 regarding defining the ED threshold adaptation rules based on the eNB’s capabilities and detected states. 3GPP should specify these eNB functionalities and corresponding ED adaptation rules in the core specification.
The ED threshold adaptation should not rely on the deployment scenario (e.g. indoor or outdoor deployment). First, R1-155310 shows that the ED threshold lower than -62dBm is still necessary in order to ensure the fair coexistence with Wi-Fi in the outdoor scenario. In addition, the indoor and outdoor scenarios used by RAN1 are just two specific artificial cases used for the evaluation. There is no clear cut between the indoor and outdoor scenarios in the real world like what we used in the simulation. Hence, it could not ensure the fair coexistence in the real world if we only use the lower ED threshold for the indoor LAA eNBs.

	Ericsson
	The conditions for which ED threshold settings may be different, and the ED settings corresponding to these conditions, are as follows.
For deployment environments that are known not to have any co-existing IEEE 802.11n/ac networks on the same carrier OR for eNBs that are able to detect the start and duration of IEEE 802.11n/ac transmissions at a received energy level of -82 dBm (over a 20 MHz channel) and that can avoid transmitting during such ongoing IEEE 802.11n/ac transmissions OR eNBs that operate in outdoor environments: Max. ED threshold is Tmax
For other conditions: Max. ED threshold as per Sections 2.B-2.E. 

	Sony
	Energy detection threshold adaptation rule should take whether eNB having the capability/functionality of detecting ongoing 802.11a/n/ac transmission into consideration.
In case eNB is capable of detecting ongoing 802.11a/n/ac transmission and detects such transmission with a channel occupancy over a defined threshold, the max ED threshold shall be different than Tmax.

	Samsung
	According to eNB’s functionality of detecting 802.11a/n/ac transmission, different energy detection thresholds could be considered for LAA. For eNB that is able to detect on-going 802.11a/n/ac transmission, higher ED threshold (e.g. -62dBm) would be applied than others.

	Intel
	It should be allowed to have different max ED thresholds for different conditions so as to allow performance optimization of an LAA network while guaranteeing coexistence with Wi-Fi. Our view is that max ED threshold is -62dBm/20MHz at least for the cases (i) when it is known that there are no nearby co-existing 802.11n/ac networks on the same carrier, and (ii) when eNBs are able to detect the start and duration of IEEE 802.11n/ac transmissions at a received energy level of -82 dBm (over a 20 MHz channel) and that can avoid transmitting during such ongoing IEEE 802.11n/ac transmissions.

	NTT DOCOMO
	We support Ericsson’s view on this issue. In addition to scenarios where the eNB has a functionality of detecting start and duration of 802.11n/ac transmission or where no coexisting 802.11n/ac networks on the same carrier is ensured, we can consider that Tmax can be applied to the maximum ED threshold in the outdoor deployment scenario, based on many evaluation results. 

	Qualcomm
	As a baseline, given the timeline constraints in 3GPP, we can consider a fixed maximum ED threshold of -72dBm for all scenarios for an eNB. While not ideal is all scenarios, a single fixed threshold can provide a reasonable comprise for the WiFi network and the LAA network overall, even though some specific topologies may have more impact than the others.
However, we are also open to classifying eNBs into multiple types with different WiFi and LAA node detection capabilities. Such eNBs may have a different ED threshold based on the type of capability. However, our preference is that this item does not delay the completion of the LAA WI in RAN1. 
In addition, we also support Intel’s view that if is known that there are no nearby 802.11 networks (example, planned enterprise, stadium etc.) then eNB should be able to use -62dBm as the ED threshold. 

	BlackBerry
	If the eNB is able to detect the start and duration of IEEE 802.11 transmissions at received levels of -82dBm/20MHz, and to avoid transmitting during those times:
· ED threshold may be set to Tmax (e.g. -62dBm/20MHz)
Else
· A lower ED threshold should be set (see 2D)

ED threshold adaptation should not be based on an “indoor/outdoor” classification of the deployment, but should rather be able to automatically accommodate changes in the radio environment (based on the eNB’s detection of Wi-Fi or not).

	ALU, ASB
	We agree that if it is known that there is no nearby Wi-Fi, LAA should be able to use the higher threshold as defined in section B.
Otherwise, we are open to consider a single rule on threshold for all the eNBs regardless of the eNB capability in Rel-13, as suggested by Qualcomm. We understand very well the possible disadvantage for LAA in this case (which also exists if we with the alternative option), but at least it would not cause any unfairness among LAA nodes (which we raised during the last meeting). In fact, this is one set of the rules we need even if we want to define rules based on eNB capability. In this sense, it can be considered as the minimum set of rules that needs to be defined.

	LG
	Similarly with Qualcomm and ALU’s view, we prefer threshold value is not function of eNB’s capability of detecting Wi-Fi preamble. 
Accordingly, Y value in the WF can be set to 0 if it is clear there is no 802.11 network in a special band or environment. Otherwise, a positive Y value can be applied. 

	Fujitsu
	Given that different countries/regions have different regulations, whether or not LAA networks in certain environments (indoor or planned enterprise or stadium) can always use -62dBm as the ED threshold could be left to local regulations. 3GPP specification should take care of that kind of possibility.

	CATT
	We share the similar view as Qualcomm/ALU/LG that the ED threshold adaptation mechansims should not be dependant on the eNB capability of deteting WIFI. Otherwise, there will be unfairness problem among LAA eNBs with different capabilities. We suggest a single mechanism should be defined assuming that LAA eNB is capable of detecting the presence of WIFI node, not the WIFI preamble/transmisison burst. The LAA eNB should lower the ED threshold if the presence of neighbor WIFI node is detected, otherwise, a -62dBm threshold should be used. 

	Huawei, HiSilicon
	Rel-13 LAA eNBs should have the same capabilities and should be capable of using 2 ED thresholds concurrently. The higher EDT (upper bounded by Tmax) is used for energy detection of all signals in each CCA slot, while the lower EDT is used for non-LAA signals in each CCA slot, i.e. it applies for detecting 802.11 signals in resources dedicated by the LAA eNBs for sensing non-LAA systems. 
Tmax can be higher than -62 dBm. The higher EDT may be set higher than -62 dBm where applicable (a band not used by Wi-Fi and other unlicensed systems, EDT coordination between LAA operators). The lower EDT should be not higher than -62 dBm. RAN1 should further discuss whether to allow adaptation of the lower EDT or to fix the threshold to a low-enough value to ensure fairness to Wi-Fi irrespective of the deployment scenario, whereas the rules of adaptation would not be specified if these rules would depend on regulated deployment guidelines (if any).




B. The value for the maximum ED threshold for LAA

The two alternatives in the way forwards are given below for the upper limit on the ED threshold for LAA
· Alt 1: Tmax = -75 dBm/MHz + 10*log10(BW) (MHz), if PH ≥ 23 dBm. Otherwise Tmax = -75 + (23 - PH) dBm/MHz + 10*log10(BW) (MHz)
· PH is the maximum band-specific EIRP (e.g. 23 dBm)
· Alt 2: Tmax = -75 dBm/MHz + 10*log10(BW) (MHz)
Companies are invited to state their preference on the above alternatives.

	Company
	Comments

	Cisco
	Alt. 2

	Broadcom
	Alt. 2

	Ericsson
	Alt. 1

	Samsung
	Alt. 1

	Intel
	Alt. 1

	NTT DOCOMO
	Alt. 1

	CableLabs
	Alt. 2

	Qualcomm 
	Alt. 1

	BlackBerry
	Alt. 2

	ALU, ASB
	Alt. 1

	LG
	Alt. 1

	Fujitsu
	Alt. 1

	CATT
	Alt. 1

	Huawei, HiSilicon
	Alt. 1





C. The definition of transmit power that should be used to determine ED threshold for LAA
The way forwards propose that the maximum ED threshold can be adjusted to account for transmit power by increasing the maximum ED threshold by (PH – PTX), where PH is the maximum band-specific EIRP (e.g. 23 dBm)
The following alternatives have been proposed in the way forwards for the definition of the transmit power, PTX, that should be used to determine the ED threshold for LAA
· Alt 1: Maximum rated EIRP of the DUT (device under test)
· Alt 2:Maximum transmit power for the next transmission burst
· Alt 3: Maximum transmit power for the configured carrier
Companies are invited to state their preference on the above alternatives

	Company
	Comments

	Cisco
	Alt. 1

	Broadcom
	Alt. 1. No companies evaluated the ED threshold adaptation based on the dynamic Tx power so far. All the evaluations were done based on the fixed Tx power in the coexistence study. The system level simulations are needed in order to evaluate the impact from the ED threshold adaptation based on the dynamic Tx power on the total system performance, especially the impact on the coexistence performance with other technologies (e.g. Wi-Fi). Hence, we prefer Alt. 1.

	Ericsson
	Alt. 2

	Sony
	Alt. 2.

	Samsung
	Alt. 2

	Intel 
	Alt. 3 (clarification: transmit power, PTX can be changed on a long term basis)

	NTT DOCOMO
	Alt. 2

	CableLabs
	Alt. 1

	QCOM
	Alt 3. For example, if a device is capable of 23dBm but a carrier is configured with a maximum power of 20dBm, then ED threshold should be based on 20dBm. 
As an second preference, we are also ok with Alt.2

	BlackBerry
	Alt.1 seems a simple and pragmatic solution for Rel-13.

	ALU, ASB
	Alt. 2. The ED threshold is defined as a way to limit the interference a node creates to other nodes. For Alt 2, even though the threshold is changed based on the transmit power for each transmission burst, the interference it is causing to other nodes is not higher. So it is reasonable to adopt Alt. 2.

	LG
	Alt. 2
There may be no “configured maximum transmit power per carrier” in LAA DL. Then, maximum transmit power for the next transmission burst should mean, by implementation, a conservative value which eNB scheduler would never exceed in the next transmission burst on the carrier.

	Fujitsu
	Alt. 2

	CATT
	Alt. 2

	Huawei, HiSilicon
	Alt. 2
Transmission power variations with Alt 2 are expected to be of a similar nature as 802.11ac transmission power variations due to operation on one or more secondary channels, where variations occur dynamically on the basis of single sensing slots on secondary carriers. Thus Alt 2 is closer to Wi-Fi type of operations than Alt 3.




D. Amount of fixed ED threshold reduction for LAA
The way forwards propose that the maximum ED threshold should be reduced by a fixed amount, Y, under certain conditions. Companies are invited to provide their views on the fixed amounts, Y, by which the energy detection threshold should be reduced below for various conditions.

	Company
	Comments

	Cisco
	>= 15 dB for eNBs not meeting the conditions allowing threshold to be set to Tmax

	Broadcom
	15 dB for eNBs not meeting the conditions allowing threshold to be set to Tmax

	Ericsson
	10 dB for eNBs not meeting the conditions allowing threshold to be set to Tmax.

	Samsung
	10 dB for eNBs not meeting the conditions allowing threshold to be set to Tmax

	Intel
	10 dB for eNBs not meeting the conditions allowing threshold to be set to Tmax.

	NTT DOCOMO
	10 dB for eNBs not meeting the conditions allowing threshold to be set to Tmax

	CableLabs
	≥ 15 dB for eNBs not meeting the conditions allowing threshold to be sest to Tmax.

	Qualcomm
	10 dB for eNBs not meeting the conditions allowing threshold to be set to Tmax

	BlackBerry
	>= 15 dB for eNBs not meeting the conditions allowing the threshold to be set to Tmax

	ALU, ASB
	10 dB for eNBs not meeting the conditions allowing the threshold to be set to Tmax

	LG
	10 dB for eNBs not meeting the conditions allowing threshold to be set to Tmax

	Fujitsu
	10 dB for eNBs not meeting the conditions allowing threshold to be set to Tmax

	CATT
	10 dB for eNBs not meeting the conditions allowing the threshold to be set to Tmax

	Huawei, HiSilicon
	<=10dB for eNBs not meeting the conditions allowing ED threshold to be set to Tmax, if LAA eNB uses a single ED threshold in each CCA slot. On the other hand if LAA eNBs are defined to use 2 ED thresholds, this reduction is relative to the higher ED threshold and only applies to the lower ED threshold used for detecting non-LAA signals.






E. Adaptation of ED threshold for LAA
The way forwards consider the possibility of an increase, g(.), in the maximum ED threshold based on measured ambient noise floor, Nmeas. Companies are invited to state their views on whether and how much adjustments based on such a measured ambient noise metric or other metrics should be allowed.

	Company
	Comments

	Cisco
	In view of the lack of evidence-based analysis of the system level impacts of adaptively increasing ED thresholds based on measured noise floor, our preference is to set g(.) = 0 dB.

	Broadcom
	g(.) = 0. The ED threshold adaptation based on measured ambient noise floor has never been evaluated so far. Furthermore, we don’t see any concrete proposal for how to measure the background noise level accurately and reliably. The latest proposal Alt 2 from Ericsson has not been evaluated so far either. Hence, we prefer g(.) = 0.

	Ericsson
	The following two options should be considered. 
Alt 1: The max. ED threshold is increased by (subject to an upper bound of Tmax)
    g(Tmax – Y + (PH – PTX), Nmeas ) = 0,          if Nmeas < Tmax - Y + (PH – PTX) - X dBm,  
    g(Tmax – Y + (PH – PTX), Nmeas ) =  Nmeas – (Tmax - Y + (PH – PTX) ) + X,       otherwise
    X = 8 dB, FFS other values.
Alt 2: The max. ED threshold is set to Tmax if the eNB has unsuccessfully attempted to access the channel for Z ms. FFS: Z.
Comments: Considering some of the concerns that have been raised about how the noise floor metric is to be defined, alternative 2 provides a simpler fail-safe mechanism that achieves the same goal and enables robustness against scenarios and conditions where the LAA device is unable to access the channel due to operation with a lowered threshold. For its simplicity, we have a slight preference for Alt. 2.

	Samsung
	We share the similar views with Cisco. It is not clear how to define and apply the noise floor to ED threshold adaptation properly to ensure coexistence with other RATs. So, our preference is to set g(.)=0.

	Intel
	We share the similar view with Cisco and Samsung. We should carefully study how to measure the noise floor and impact of ED threshold adaptation according to measured noise floor on coexistence. Thus, our preference is to set g(.)=0 at least for Rel-13 LAA.

	NTT DOCOMO
	We also think the accuracy of measured noise floor and the impact of the factor g(.) are currently uncertain. We can consider Ericsson’s Alt. 2 approach, but basically eNB should reduce the transmit power in case where LAA is unable to access the channel due to operation with lower threshold, rather than continuing every Z ms transmission based on Tmax in such case. Therefore, we may be ok with g(.)=0 for Rel-13 LAA.

	CableLabs
	Set g(.) = 0

	Qualcomm
	We has a slight preference towards Alt. 2 given it is simpler. Z can be defined over a long duration (order of seconds for example). In addition, we should also consider the option of using a higher threshold aas a function of lower configured transmit power on the carrier. 

	BlackBerry
	Preference is to set g(.) = 0

	ALU, ASB
	We are open to both alternatives proposed by Ericsson. Observing the concerns expressed, Alt 2 can be a good alterative because it is simple and there would be no issue regarding how noise floor is measured.

	LG
	Similarly with NTT and Qualcomm, we prefer Alt 2 in Ericsson’s suggestion. More precise description of Alt.2 would be “The max. ED threshold is set to T_max if the eNB detects energy larger than current threshold for Z ms”

	Fujitsu
	We share the similar view with NTT Docomo.

	Huawei, HiSilicon
	Considering that Wi-Fi will not detect LAA below -62 dBm and this will lead to asymmetric detection (LAA is hidden node for Wi-Fi), it is reasonable to devise a mechanism where LAA can adjust its operating parameters to access the channel when it is blocked by a single or several Wi-Fi devices operating in a critical range lower than -62 dBm but higher than the lower ED threshold used by LAA eNB. In this case, if no other channel is available or all available channels are blocked in a similar manner, one possibility is for LAA to reduce its transmission power (i.e. cell size) so that LAA can use a higher ED threshold and start accessing the channel to serve the closest UEs using unlicensed spectrum.





