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1. Overall Description:

3GPP RAN1 would like to thank Wi-Fi Alliance for their LS (R1-163388) “Wi-Fi Alliance liaison statement regarding LAA”, 4 April 2016. 
In response, RAN1 would like to provide the following information. 
[Wi-Fi Alliance comment 1] 3GPP should consider minimum requirements and/or criteria for channel selection

Action Item for 3GPP: Wi-Fi Alliance kindly requests 3GPP RAN to consider (if it is not already doing so) defining specific minimum requirements and/or criteria for channel selection by LAA eNBs operating in unlicensed spectrum, with the goal of minimizing overall impact to neighboring Wi-Fi networks.
RAN1 response 1:  RAN1 would like to note that RAN4 is considering the development of a set of coexistence test cases. These can be multi-node tests, where the LAA equipment channel selection may be tested in the presence of Wi-Fi equipment to ensure fair coexistence. On the other hand, the exact channel selection mechanism may not be explicitly specified. 

[Wi-Fi Alliance comment 2] 3GPP should consider defining mechanisms to ensure unhindered discovery, selection and connection to Wi-Fi networks when a device is attached to an LAA eNB
Wi-Fi Alliance believes it is important to ensure the ability of the user of a device to quickly and reliably discover Wi-Fi networks, setup a connection to a Wi-Fi network (C), and maintain Wi-Fi performance KPIs (A), while it is attached to an eNB that supports LAA. 

Action Item for 3GPP: Wi-Fi Alliance kindly requests 3GPP RAN to consider (if it is not already doing so) defining the necessary criteria, signaling and/or procedures to ensure that a multimode (LAA + Wi-Fi) device that is attached to an LAA eNB  is not restricted from using Wi-Fi. This may include, for example, the ability to ensure the eNB does not schedule transmissions for the device on LAA carrier(s) if the device indicates that doing so would interfere with the current or intended use of its Wi-Fi interface.

RAN1 response 2:  It is RAN1’s understanding that there are existing in-device coexistence (IDC) mechanisms [1] introduced in Release 11 by which the multimode (e.g. LAA + Wi-Fi) device may request gaps in which it does not expect to be scheduled on LTE carriers. The same mechanism is also applicable to LAA.  It is RAN1’s understanding that the existing IDC mechanism can satisfy the requirement mentioned in Wi-Fi Alliance comment 2. 
Regarding the questions included in [2], and further commented on by the Wi-Fi Alliance, RAN1 would like to provide the following answers.
[IEEE comment 3] Radio equipment in unlicensed spectrum should detect neighboring networks with sufficient sensitivity to ensure fair coexistence

[Wi-Fi Alliance analysis] LAA equipment should be sufficiently sensitive to neighboring Wi-Fi networks to ensure that it contends for and consumes spectral resources fairly (B), especially in scenarios where LAA hears Wi-Fi at relatively low levels yet, if it does not fairly share the channel, would cause significant impact to Wi-Fi performance KPIs (A) and the ability to establish Wi-Fi connections (C). As LAA equipment becomes available, Wi-Fi Alliance is planning to develop LAA/Wi-Fi coexistence tests based on the LTE-U/Wi-Fi tests it is currently defining,  at a variety of “test signal levels” at which LAA nodes can hear Wi-Fi nodes and vice versa. Wi-Fi Alliance would be happy to engage with 3GPP on the definition of these tests.
RAN1 response 3: The current LBT levels has been decided after considerable debate and with wide participation. It has been the RAN1 opinion that the agreed threshold levels will ensure fair coexistence as simulations based on the 3GPP indoor scenario have shown fair-coexistence when using the agreed CCA threshold. 
There is already a large asymmetry between threshold level of -62dBm Wi-Fi uses to detect LAA and the threshold level of -72dBm LAA uses to detect 802.11. It was seen undesirable to further widen this asymmetry. RAN1 respectfully requests future Wi-Fi technologies to align the energy detection threshold used with other technologies operating in the same unlicensed band, e.g., -72 dBm. An energy detection threshold of -72 dBm has been chosen by 3GPP for Rel-13 LAA also with an interest in aligning with other technologies in the future. 
RAN1 would like to note that RAN4 has decided the development of a set of coexistence test cases [6]. These are multi-node tests, where the eNB coexistence performance is checked in cases where the detectable energy from Wi-Fi nodes is below the energy detection threshold [6]. LAA equipment would be required to ensure fair coexistence via these test cases. On the other hand, the exact mechanism may not be explicitly specified. 

[IEEE comment 8] The maximum continuous transmission time should be limited to avoid blocking latency sensitive traffic on coexisting networks

[Wi-Fi Alliance analysis] Long continuous transmission times block neighboring Wi-Fi networks from using the same channel, and so have a significant impact on Wi-Fi performance KPIs, particularly for latency and jitter sensitive traffic (A). Long transmission times can also increase timing jitter and rate of blocked transmissions of Wi-Fi Beacon frames, which may degrade the ability for Wi-Fi devices to detect Wi-Fi networks (C).
RAN1 response 8:  RAN1 would like to note that Tmcot is a maximum limit and does not mean that this is the typical transmission length. It is RAN1’s understanding that Wi-Fi also allows a maximum limit that exceeds 4 ms. 

The simulations presented in ETSI BRAN showing that 10 ms Tmcot has no adverse effect on service like Wi-Fi voice do assume hidden stations. In addition, these simulations have used realistic traffic models instead of using full buffer assumptions for the non-VoIP nodes in the simulations. It should be noted that it is important to incorporate realistic traffic models, and not only use full buffer traffic as in the simulations showing VoIP outage. 
It is RAN1’s opinion that any possible coexistence fairness benefits of a shorter Tmcot may be at least in part offset by the larger relative overhead within shorter channel occupancies. 
[IEEE comment 7] Channel access that is obtained using special access mechanisms for high priority data should not be used to transit lower priority data

[Wi-Fi Alliance analysis] If LAA and Wi-Fi systems, when transmitting data of the same priority, contend for the channel using significantly different parameters, they will not achieve fair sharing of the channel’s spectral resources (B), which would therefore have an undue impact on Wi-Fi performance KPIs (A).
RAN1 response 7: It is RAN1’s understanding that IEEE recommendation 7.3 actually suggested allowing the inclusion of lower priority traffic in a transmission associated with a higher channel access priority class under certain circumstances. The highlighted text below from [3] has already introduced the change according to IEEE recommendation 7 for the LAA DL.  
===================== Text from [3] begins ================================

Four Channel Access Priority Classes are defined in [6]. If a DL transmission burst with PDSCH is transmitted, for which channel access has been obtained using Channel Access Priority Class P (1...4), E-UTRAN shall ensure the following where a DL transmission burst refers to the continuous transmission by E-UTRAN after a successful LBT:

-
the transmission duration of the DL transmission burst shall not exceed the minimum duration needed to transmit all available buffered traffic corresponding to Channel Access Priority Class(es) ≤ P;
-
the transmission duration of the DL transmission burst shall not exceed the Maximum Channel Occupancy Time (
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 as defined in Table 15.1.1-1 of [6]) for Channel Access Priority Class P;

-
additional traffic corresponding to Channel Access Priority Class(s) > P may only be included in the DL transmission burst once no more data corresponding to Channel Access Priority Class ≤ P is available for transmission. In such cases, E-UTRAN should maximise occupancy of the remaining transmission resources in the DL transmission burst with this additional traffic.

===================== Text from [3] ends ==================================.    

[IEEE comment 5] LAA and 802.11 multi-channel aggregation schemes should align

[Wi-Fi Alliance analysis] The scheme by which an LAA network occupies multiple channels in unlicensed spectrum will influence the number of Wi-Fi networks that are impacted by the LAA network, the fairness with which all networks sharing the total unlicensed band can utilize the spectrum (B), and the Wi-Fi performance KPIs of Wi-Fi networks operating on each of the channels occupied by LAA (A).
RAN1 response 5: The current multi-channel access scheme has been decided after considerable debate. A channel access scheme aligned with WiFi has already been defined as an option [4], and location of the channels in a single specified group is allowed. Therefore, operation according to IEEE recommendation 5 is already part of the specification. However, it is RAN1’s opinion that limiting the multi-channel access scheme to that single option would be detrimental to coexistence for both Wi-Fi and LAA. This is because it would prevent LAA from using a channel not used by 802.11 by forcing LAA to use the same 80MHz already utilized by Wi-Fi. Such a restriction would reduce Wi-Fi as well as LAA performance. 

[IEEE comment 2] Transmission of Discovery Reference Signals should be clearly bounded to avoid excess airtime overhead on unlicensed spectrum

[Wi-Fi Alliance analysis] Since LAA DRS are transmitted using prioritized channel access parameters and are relatively long, they will cause significant unfairness in the spectrum available to Wi-Fi networks if their transmission is not bounded (B). This would have an undue impact on Wi-Fi performance KPIs (A). 

RAN1 response 2:  The highest configurable DRS occupancy with single offset is approximately 2%. To address comment 2, RAN1 respectfully would like to inform Wi-Fi Alliance that RAN2 has agreed that the total DRS occupancy should be limited to about 5%.

[IEEE comment 6] Radio equipment in unlicensed spectrum should stop transmission as soon as transmission of useful data is complete

[Wi-Fi Alliance analysis] If LAA transmissions are extended beyond the duration that is required to transmit useful data, the average length of each transmission time would increase (with similar impact as per IEEE comment 8) and the aggregate spectral efficiency of unlicensed spectrum would reduce, which may cause significant impact on Wi-Fi performance KPIs (A). 
RAN1 response 6: Both beginning and end partial subframes are already specified in Release 13. The end partial subframes can be 3/6/9/10/11/12 symbols in length. 

[IEEE comment 1] Radio equipment in unlicensed spectrum should not transmit energy for the primary purpose of blocking access to the channel to others

[Wi-Fi Alliance comment] If LAA transmits energy primarily intended to block channel access to Wi-Fi, it may result in significant unfairness in Wi-Fi networks’ ability to utilize the channel (B). In addition, the aggregate spectral efficiency of unlicensed spectrum would reduce. Both aspects may cause significant impact on Wi-Fi performance KPIs (A).
RAN1 response 1:  The LAA signal structure is based on 1ms subframes. In addition, the LAA carrier is aggregated with an LTE carrier in licensed spectrum, with which subframe alignment is assumed. Together these conditions mean that the time where channel access is obtained cannot always be aligned with the LTE subframe boundaries. However, the Release 13 LAA specification does not mandate transmitting any signals between the time the channel access is obtained and the subframe or slot boundary. The option of transmitting such signals is an implementation choice. RAN1 recognizes that an implementation choosing to transmit such signals might add overhead. However, it is RAN1’s opinion that the recommended changes are not needed due to the following reasons: 

· Based on the evaluation results in the study item phase [5], the LAA design, deferring sending energy until a subframe boundary or partial subframe boundary, satisfied the criteria that the presence of an LAA network doesn’t cause more degradation to 802.11 than the presence of another 802.11 network, and also provided good LAA performance, so it is considered a viable implementation option. 
· Based on the majority of the evaluation results in the study item phase [5], the LAA design, even with such signals transmitted prior to subframe or slot boundaries, satisfied the criteria that the presence of an LAA network doesn’t cause more degradation to Wi-Fi than the presence of another Wi-Fi network. 

· Any signal transmitted prior to subframe or slot boundaries reduces the available transmit duration within a transmission opportunity. Therefore the LAA equipment is striving to use as short reservation signal as possible. 

· The proposed changes would have an effect in making HARQ operation less efficient, since first transmission and retransmission would use different subframe lengths, hence different amount of resources. The reduced HARQ efficiency would increase the overall time of LAA occupying the channel. This is expected to mostly offset any gains in fairness that could be had with the proposed changes.  

[IEEE comment 4] LAA and IEEE 802.11 slot boundaries should align as accurately as possible to preserve spectral efficiency in unlicensed spectrum

[Wi-Fi Alliance comment] Lack of slot alignment between LAA and Wi-Fi may significantly reduce aggregate spectral efficiency of unlicensed spectrum, and therefore cause significant impact on Wi-Fi performance KPIs (A).
RAN1 response 4: It is RAN1’s opinion that it would be undue burden to require all LAA equipment to detect Wi-Fi preamble and MAC NAV field. 

The negative effects pointed out in recommendation 4.3 are limited because the contending nodes using random backoff based LBT typically do not attempt data transmission within a few microseconds of each other. While near simultaneous transmission do occur and can result in collisions, this is already the case even with perfect time alignment. This event has probability 1/N where N is the contention window size. RAN1 notes that the overall system performance is determined by a number of factors. As stated earlier, the evaluations show that, overall, LAA satisfied the criteria that the presence of an LAA network doesn’t cause more degradation to Wi-Fi than the presence of another Wi-Fi network It should also be noted that RAN1 has already made it mandatory for LAA equipment to use a Category 4 LBT scheme for DL data transmission, which detects an increased collision rate so that the contention window size is increased when more frequent collisions occur. 
Action Item for 3GPP: Wi-Fi Alliance kindly requests 3GPP RAN to address the above mentioned comments from IEEE 802 LMSC, and copy Wi-Fi Alliance on 3GPP RAN’s response to IEEE 802 LMSC.
RAN1 response:  RAN1 has copied Wi-Fi Alliance on 3GPP RAN1’s response to IEEE 802 LMSC. 
2. Actions:
To Wi-Fi Alliance
ACTION:   RAN1 would like to respectfully ask Wi-Fi Alliance to take the above information into account. RAN1 respectfully requests future Wi-Fi technologies to align the energy detection threshold used with other technologies operating in the same unlicensed band, e.g., -72 dBm. An energy detection threshold of -72 dBm has been chosen by 3GPP for Rel-13 LAA also with an interest in aligning with other technologies in the future.
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