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1. Overall Description:

3GPP RAN1 would like to thank IEEE 802 LMSC for their LS (R1-163375) “Liaison Statement to 3GPP from IEEE 802 LMSC”, 18 March 2016. 
In response, RAN1 would like to provide the following information. 
IEEE recommendation 1.3: IEEE 802 requests that LAA specification be modified so that it never needs to transmit energy for the primary purpose of stopping another device (LAA or 802.11) from using the channel. Options to satisfy this request include:

· Allowing (partial) sub-frames to start immediately after channel access is obtained

· Deferring sending energy in a channel until the LAA device is ready to transmit.
RAN1 response 1.3:  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 [1], 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 [1], 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 802.11 than the presence of another 802.11 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 recommendation 2.3: IEEE 802 requests responses from 3GPP RAN to the following questions:

· Are all served UEs expected to be configured with an identical DRS offset?

· How often is an eNB expected to transmit a DRS?

· How can it be ensured that the DRS transmitted by multiple neighboring eNBs in a network avoid causing excess impact on coexisting 802.11 systems?

IEEE 802 also requests that the LAA specification be modified to include reasonable limits on how often the channel may be accessed using the DRS mechanism, based on acceptable criteria for fair coexistence. It is noted that, while some regulatory domains specify limits for Short Control Signaling (SCS) such as DRS, others do not. Further, it is noted that the typical airtime overhead of 802.11 Beacon frames (which serve a similar role to DRS in Wi-Fi systems) is substantially less than 1% per AP (BSS) in 5 GHz band. IEEE 802 would be happy to discuss appropriate limits with 3GPP RAN.
RAN1 response 2.3:  RAN1 would like to provide the following answers to the above questions:  
· Question: Are all served UEs expected to be configured with an identical DRS offset?
· Answer: DRS offset can be different for different UEs. However, it is not expected that many different offsets will be configured in practice. 
· Question: How often is an eNB expected to transmit a DRS?
· Answer: The most frequent transmission with single offset is 40ms. 
· Question: How can it be ensured that the DRS transmitted by multiple neighboring eNBs in a network avoid causing excess impact on coexisting 802.11 systems?

· Answer: Multiple eNBs in a network are expected to align their DRS transmissions. This is needed in order to ensure that UEs can measure other eNBs. Note that UEs are not expected to make measurements outside of their configured DMTC periods; therefore all neighbor eNBs should transmit their DRS in the same configured DMTC period in order to be visible to the UE. 
The highest configurable DRS occupancy with single offset is approximately 2%. To address recommendation 2.3, RAN1 respectfully would like to inform IEEE 802.11 that RAN2 has agreed that the total DRS occupancy should be limited to about 5%.
IEEE recommendation 3.3: IEEE 802 requests that LAA specification be modified such that:

· LAA LBT procedure requires an eNB to detect 802.11 networks with a similar level of sensitivity to that with which current 802.11 devices can detect each other, in order to ensure fair coexistence with 802.11 and to improve both LAA and 802.11 performance. It is noted that one means to do so is to detect (and preferably also transmit) the 802.11 PHY preamble.

· Alternatively, in the case of LAA LBT that is capable only of energy detection, LAA LBT procedure requires a base energy detection threshold of TH = -77dBm (20MHz), or preferably lower
RAN1 response 3.3: The current LBT level 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 802.11 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 IEEE 802.11 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 [5]. These are multi-node tests, where the eNB coexistence performance is checked in cases where the detectable energy from IEEE 802.11 nodes is below the energy detection threshold. LAA equipment would be required to ensure fair coexistence via these test cases [5]. On the other hand, the exact mechanism, e.g. the two alternative examples given in IEEE recommendation 3.3, may not be specified explicitly. 
IEEE recommendation 4.3: IEEE 802 requests that LAA specification be modified such that:

· LAA requires a mechanism by which an LAA eNB accurately time aligns its channel access slots with those of coexisting IEEE 802.11 devices. It is noted that one means to do so is to detect and transmit the 802.11 PHY preamble.

· Alternatively, in the case of LAA LBT that is capable only of energy detection, LAA LBT procedure reduces the transmission burst ending position detection error by requiring a larger ED period Xμs (X > 4, e.g. X=7) in each channel access slot, and requires detection results to be reported every 1μsduring each ED period.
RAN1 response 4.3: It is RAN1’s opinion that it would be undue burden to require all LAA equipment to detect 802.11 PHY 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 802.11 than the presence of another 802.11 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. 
IEEE recommendation 5.3: IEEE 802 requests that LAA be modified so that:

· in the case of operation using up to four 20 MHz channels in unlicensed band, those channels shall reside in a single specified 80 MHz channel group aligned with IEEE 802.11

· the channels selected for operation shall be the least utilized channels
RAN1 response 5.3: The current multi-channel access scheme has been decided after considerable debate. A channel access scheme aligned with 802.11 has already been defined as an option [2], and location of the channels in a single specified group is allowed. Therefore, operation according to IEEE recommendation 5.3 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 802.11 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 802.11. Such a restriction would reduce 802.11 as well as LAA performance. 
IEEE recommendation 6.3: IEEE 802 suggests that LAA be modified so that it avoids the inefficiencies that result from transmitting unfilled sub-frames. We understand from some 3GPP RAN1 participants that there is some possibility of such a feature in a future release of LAA. It is noted that partial subframes (3/6/9/10/11/12 OFDM symbols) are already defined in the underlying LTE framework and could be used as the basis for this feature. We suggest that this feature be brought forward to R13.

Another alternative is to specify in LAA that sub-frames must be filled above a certain threshold with same or higher priority data. This approach ensures at least some minimum level of efficiency. It is noted that LAA can always use licensed spectrum to transmit data bursts if they cannot be efficiently transmitted over unlicensed spectrum.
RAN1 response 6.3: 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. 

It is not clear to RAN1 what Release 14 or later feature was implied in recommendation 6.3. Nevertheless, introducing Release 14 features in Release 13 will likely not be feasible due to specification time line constraints.  
IEEE recommendation 7.3: IEEE 802 requests that:

· The LAA specification is clarified to make it clear that a transmission of one or more sub-frames using a particular access priority may contain data of that priority and higher priorities.

· The LAA specification is clarified to make it clear that a transmission of one or more sub-frames using a particular access priority may contain lower priority data as long as that lower priority data does not increase the duration of the transmission

· Per the previous comment, the LAA specification is modified to require the use of partial subframes, which are then used to implement the existing requirement of “minimum possible duration needed to transmit all available buffered traffic corresponding to LBT priority classes <=X”.
RAN1 response 7.3: It is RAN1’s understanding that the term “channel access priority class associated with the eNB transmission” in [2] already allows one transmission associated with one priority class to contain a certain amount of data of another priority class. The requirements for traffic multiplexing have been further defined by RAN2. An approved RAN2 CR in [3] introduced the following text to [4]: 
===================== 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 ==================================

The highlighted text above has already introduced the change according to IEEE recommendation 7.3 for the LAA DL.  Both beginning and end partial subframes are already specified in Release 13.  
IEEE recommendation 8.3: IEEE 802 requests that the LAA specification define Tmcot,3 = 6 ms and Tmcot,4 = 6 ms, until it is agreed by all parties that higher values do not cause problems.

Note this proposal represents a compromise on IEEE 802 behalf with respect to the values of Tmcot,3 = 4 ms and Tmcot,4 = 4 ms requested during the 3GPP LAA Workshop in August 2015.
RAN1 response 8.3: There has been a continuing discussion in ETSI BRAN on the maximum allowed transmission time and the latest agreement in ETSI BRAN is actually to introduce a 10 ms Tmcot with contention window parameters that de-prioritize access (contention windows sizes of 31, 63, 127). RAN1 would also 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 802.11 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 WiFi 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 recommendation 9.3: IEEE 802 requests that 3GPP explain and justify the selection of the 80% threshold for Z, and particularly why this value does not have an adverse effect on neighboring 802.11 devices.
RAN1 response 9.3: It is RAN1’s understanding that the equivalent value of Z used by IEEE 802.11 is 100%. Initial proposals suggested to align with 802.11 in this respect and also use Z = 100%.  RAN1 shares the understanding of IEEE 802 that a lower value of Z benefits 802.11 by increasing the likelihood of LAA using a larger contention window. The reason for choosing Z < 100% was to provide 802.11 such access benefits. 
IEEE recommendation 10.3: The LAA specification needs to more clearly define how CWp is adjusted.
RAN1 response 10.3: The current wording “for each priority class p ∈ {1,2,3,4}” means that CWp is adjusted for every priority class, not only for the priority class(es) associated with the transmission in reference subframe k.  RAN1 has added further clarification in the specification to better describe this meaning. 
IEEE recommendation 11.3: IEEE 802 suggests that the LAA access mechanism be defined so that it better aligned with the IEEE 802.11 EDCA access mechanism. The main advantage of doing so is that coexistence is more likely if both LAA and 802.11 use the same access mechanism. In this particular case, better alignment will result in LAA having earlier access to the medium.
RAN1 response 11.3: RAN1 would like to clarify that the time quanta of re-attempting sensing the medium is a slot of duration 9 µs instead of Td. RAN1 has added text in the specification to clarify that this is the intended meaning.  
IEEE recommendation 12.3: IEEE 802 suggests 3GPP modify LAA to define when the back off mechanism is used, probably by aligning the LAA access mechanism with 802.11 EDCA. Any revised LAA specification should:

· Make it clearer that that a post transmission back off is required after every transmission.

· Specify that an LAA system can transmit immediately on any slot boundary after the post transmission back off, unless the channel is not free or is in a defer period; in these latter cases, LAA should specify the execution of a new back off procedure. Note that this requires slot boundary alignment per previous comment.

IEEE 802 notes that the draft of ETSI BRAN’s EN 301 893 currently under development provides a reasonable and unambiguous description of this behavior. It is also worth noting that the LAA specification must satisfy EN 301 893 to enable LAA operation in Europe and other parts of the world. At this time, it is unclear that the LAA specification can satisfy the requirements in the draft version of EN 301 893. This specification is likely to be the basis of regulations in Europe and other regulatory domains.
RAN1 response 12.3: The current specification [2] contains the following text: “The eNB may transmit a transmission including PDSCH on a channel on which LAA Scell(s) transmission(s) are performed, after first sensing the channel to be idle during the slot durations of a defer duration Td; and after the counter N is zero in step 4.” This already unambiguously requires that there has to be a full backoff between any two transmissions with PDSCH. 
Since it is not stated in [2] that the sensing has to start after new data is queued, the post transmission back off mentioned in IEEE recommendation 12.3 is already allowed for LAA. 
Regarding the required behaviour when a node has deferred transmission after it has already counted down to zero but waits for some time before transmitting, RAN1 has decided to modify the specification according to IEEE recommendation 12.3. The new requirement will be that the sensing of a non-idle slot when the node is ready to transmit initiates a full backoff. 
2. Actions:
To IEEE 802 LMSC
ACTION:   RAN1 would like to respectfully ask IEEE 802 LMSC to take the above information into account. RAN1 respectfully requests future IEEE 802.11 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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