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1 Introduction
In order to finalize the LBT frame work for the DL transmission in the unlicensed band, there are several LBT-related open issues in the following topics that need to be clarified: 
1. Contention window size adjustments

2. Multi-channel operation
3. ED threshold
4. Control channels and DRS
5. Maximum channel occupancy time

6. LBT multiplexing rule

The first three topics are discussed in our three companion contributions [1]

 REF _Ref434414533 \n \h 
[2]

 REF _Ref434414535 \n \h 
[3] where we provide our views. This contribution provides a summary of our view on the remaining aspects that need to be concluded. Some of the open issues in the last three topics are also addressed in the context of the following agreement made in RAN1#82BIS [4] and were identified to be discussed further:
Agreements:
· A DL category 4 LBT priority class is defined at least by the minimum and maximum contention window (CW) sizes and the number of CCA slots in the defer period in Table below where the smaller the LBT priority class number, the higher the priority.

· In the table CWmin, CWmax and n refer to the minimum contention window size, the maximum contention window size and the number of CCA slots in the defer period, respectively. 

· Rel-13 supports at least DL LBT priority class 3

· Use of different LBT parameters than the DL LBT priority class 3 will be supported in Rel-13 if RAN2 and RAN1 finds the associated work feasible within Rel-13 time frame

· For a DL burst transmission containing PDSCH, an LAA SCell operates with a single DL category 4 LBT priority class at a time when performing random backoff.

· Best effort traffic shall not use a DL LBT priority class with higher priority than the DL LBT priority class 3.

	LBT priority class
	CWmin
	CWmax
	n

	1
	3
	7
	1

	2
	7
	15
	1

	3
	15
	63
	3

	4
	15
	1023
	7


· Note:  The Maximum channel occupancy time (and whether different values per LBT class are needed) requires further discussion
· FFS if an intended DL transmission burst with PDSCH contains traffic corresponding to different LBT priority classes, the lowest priority shall be used for the LBT parameters.

· FFS if more DL LBT priority classes are needed.

· Inform RAN2 of the DL LBT priority classes and request them to take this into consideration in their associated work.
· FFS on the DL LBT priority class for UL grant only transmission
2 Discussion
2.1 Control channels and DRS transmissions

The European regulation for operation in the 5 GHz spectrum allows transmission of management and control frames without performing LBT where such transmissions should not exceed a maximum duty cycle of 5% within an observation period of 50ms (see section 4.8.3.3 in [5]).
The above requirement in fact allows transmission of the DRS and control channels in LAA without LBT as long as the requirement on the channel occupancy time is fulfilled. However it is agreed in 3GPP that the DRS transmission is subjected to LBT. It is further agreed that a single observation interval of at least 25 µs is required to be idle immediately before transmission of a DL transmission burst including only DRS. Considering that the agreement is clearly conservative as compared to the recommendation in [5] and keeping in mind that the DRS transmission opportunities are confined to the DMTC window, which appears once at least every 40ms, it is reasonable at least to follow the recommendation in [5] for the maximum energy detection threshold for DRS transmission and avoid enforcing unnecessary additional constraints on the DRS transmission. 

Another aspect that needs to be addressed is whether the transmission of the DL control channel without PDSCH for providing UL grant by the eNB should be subjected to LBT. As we discussed above, based on [5], LBT operation in fact is not required given that such transmissions infrequently occur in realistic traffic scenarios. However it is our view that LAA would not be in disadvantage for operations in unlicensed spectrum by adopting a conservative LBT approach for this case, as for the DRS-only transmission. In this case the corresponding transmission duration would also be limited to 1ms while the same maximum energy detection threshold similar to DRS would be considered.
Based on the above discussion we propose the following to conclude the remaining LBT aspects of DRS and control channel transmissions: 
Proposals: 

· The DL transmission burst immediately following a single idle observation interval of at least 25 µs, can occupy the channel for a maximum of 1 ms.
· The DL transmission burst containing PDCCH and PCFICH, or (E)PDCCH with associated reference symbols without PDSCH can  immediately follow a single idle observation interval of at least 25 µs.
· The maximum energy detection threshold Tmax used for DL transmission bursts immediately following a single idle observation interval of at least  25 µs is
Tmax = -75 dBm/MHz + 10*log10(BWMHz), if PH ≥ 23 dBm  

Tmax = -75 + (23 - PH) dBm/MHz + 10*log10(BWMHz), if PH <23 dBm
where BWMHz and PH are the channel bandwidth in MHz and  the maximum transmit power in dBm, respectively.
2.2 Maximum channel occupancy time
It is reasonable to associate each LBT priority class to a maximum channel occupancy time such that usage of higher prioritized channel access ensures reduced airtime in the unlicensed band and vice versa. The corresponding parameter in IEEE802.11 for an EDCA access category is the transmission opportunity (TXOP) limit. However it is interesting to note the TXOP limit is defined as the maximum time interval that an AP/STA can make use of the wireless medium when it acquires the right to initiate transmissions. This duration includes all response frames (ACK/Block ACK) with SIFS (i.e. 16 µs) spacing as well as extra sounding frames needed for beamforming if applicable. In fact, the maximum channel occupancy in LAA corresponds to aPPDUMAxTime, not the TXOP limit in IEEE802.11 specification. The aPPDUMAxTime is defined as the largest continuous transmission of a signal on the wireless medium (e.g. for HT 802.11n STAs, aPPDUMaxTime=10 ms (green field mode) or for VHT 802.11ac STAs aPPDUMaxTime=5.484 ms [6]) and hence can be less than the TXOP limit. 
Keeping in mind the above mentioned differences, it is recommended in [7] that the most delay sensitive traffic on the unlicensed spectrum in LAA can be associated to the highest prioritized LBT priority classes. For example, conversational voice and conversational video can be transmitted using LBT parameters for class 1 and 2, respectively. This association is in-line with the IEEE802.11 recommendation for LBT parameters used for transmission of voice and video traffic.  Therefore we believe it is reasonable to assume maximum channel occupancy time of 2 and 3 ms for LBT priority classes 1 and 2, respectively where these limits are about the same order as the TXOP limits used for acquiring access for VoIP and Video traffic by a Wi-Fi node, respectively with consideration to 1ms transmission time interval in LTE. We furthermore suggest 10ms maximum channel occupancy time for classes 3 and 4 which is not only within the range of recommendations in [5], but also envisions LAA to be comparable with Wi-Fi which promotes MU-MIMO and features such as frame bursting when reports of real implementations indicate transmissions within a range of 8 ms to 12 ms or even higher [9].
Finally we summarize the proposals in the above discussion as the following:
Proposals: 

· The DL transmission burst immediately following a successful LBT operation using the LBT priority class 1 parameters, can occupy the channel for maximum 2 ms.

· The DL transmission burst as the result of success of LBT operation using the LBT priority class 2 parameters, can occupy the channel for maximum 3 ms.

· The DL transmission burst as the result of success of LBT operation using the LBT priority class 3 parameters, can occupy the channel for maximum 10 ms.

· The DL transmission burst as the result of success of LBT operation using the LBT priority class 4 parameters, can occupy the channel for maximum 10 ms.

Finally we propose the following, similar to the recommendation in section 9.19.3.3 in [8] to resolve potential conflicts with respect to regulatory requirements:

Proposal:
· Where the regulations require channel sensing at periodic intervals, the eNB can sense the channel to be idle for a single continuous interval of duration 25 µs when the DL transmission burst meets the limit imposed by the regulation before continuing its transmission within the maximum channel occupancy time.
2.3 LBT Multiplexing rule
The LBT procedure for accessing the channel is completely a physical layer procedure. An LBT class with higher priority increases the probability of accessing the unlicensed spectrum as compared to another class with a lower priority. Therefore having different LBT priority classes provides an eNB the flexibility to statistically control the time needed for acquiring access to the unlicensed spectrum based on the type of information that is included in the intended DL transmission burst.  However, fair sharing is considered an essential component for the proper usage of the unlicensed spectrum and requires the devices that using this spectrum to contribute in maintaining a stable eco-system. In particular if a device uses LBT parameters that increase the chance of that device to access the channel, the consequent transmission on channel shall well motivate such a prioritized access [7]. It is also reasonable that usage of higher prioritized channel access ensures reduced airtime on the unlicensed band as discussed in the previous section. Otherwise the device behaves aggressively on the channel and results in destabilizing the whole system. 

Based on the above discussion, if an intended DL transmission burst contains a combination of different traffic, where each would correspond to a different LBT priority class, the eNB has to use the lower priority LBT parameters to access the channel otherwise the behaviour is perceived as aggressive. There could be occasions that due to constraints in the system, for example LTE 1ms scheduling constraint, such a rule would result in an occasional inefficient usage of the spectrum as highlighted in [10]. However, in our opinion, the LBT is not the only determining factor to improve efficiency and an eNB can rely on other means for efficiency enhancement purposes such as starting earlier to access the channel or utilizing the licensed spectrum if delay cannot be tolerated. We do believe that overall system performance with consideration to fair sharing for all users of the unlicensed spectrum should be the underlying principle. In case of occasional shortcoming it is up to the technology to find mechanism for improvement without compromising the fair sharing principle. 

Moreover in order to have a general LBT multiplexing rule applicable for all LBT procedures to be used for LAA, there is a need to clarify how the agreed LBT procedure for DRS is perceived in terms of priority as compared to the different LBT priority classes. Our view is outlined in the proposal below:

Proposal:

· An LBT based on single idle observation interval of at least 25 µs has higher priority than LBT priority class 1.
Finally based on the above discussion we propose the following LBT multiplexing rule:
Proposal:
· If an intended DL transmission burst contains traffic corresponding to different LBT priority classes, the lowest priority shall be used for the LBT parameters.
3 Conclusion

In this contribution we provided our views on some of the LBT remaining aspects that are needed to be concluded in relation to the control channels and DRS transmissions, the maximum channel occupancy time and the multiplexing LBT rule and proposed the following: 
Proposals: 
· The DL transmission burst containing PDCCH and PCFICH, or (E)PDCCH with associated reference symbols without PDSCH can immediately follow a single idle observation interval of at least 25 µs.
· The maximum energy detection threshold Tmax used for DL transmission bursts immediately following a single idle observation interval of at least  25 µs is
Tmax = -75 dBm/MHz + 10*log10(BWMHz), if PH ≥ 23 dBm  

Tmax = -75 + (23 - PH) dBm/MHz + 10*log10(BWMHz), if PH <23 dBm
where BWMHz and PH are the channel bandwidth in MHz and  the maximum transmit power in dBm, respectively.
· The DL transmission burst immediately following a single idle observation interval of at least 25 µs, can occupy the channel for a maximum of 1 ms.
· The DL transmission burst immediately following a successful LBT operation using the LBT priority class 1 parameters, can occupy the channel for maximum 2 ms.

· The DL transmission burst as the result of success of LBT operation using the LBT priority class 2 parameters, can occupy the channel for maximum 3 ms.

· The DL transmission burst as the result of success of LBT operation using the LBT priority class 3 parameters, can occupy the channel for maximum 10 ms.

· The DL transmission burst as the result of success of LBT operation using the LBT priority class 4 parameters, can occupy the channel for maximum 10 ms.

· Where the regulations require channel sensing at periodic intervals, the eNB can sense the channel to be idle for a single continuous interval of duration 25 µs when the DL transmission burst meets the limit imposed by the regulation before continuing its transmission within the maximum channel occupancy time.
· An LBT based on single idle observation interval of at least 25 µs has higher priority than LBT priority class 1.
· If an intended DL transmission burst contains traffic corresponding to different LBT priority classes, the lowest priority shall be used for the LBT parameters.
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