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During the standardization of LAA, 3GPP made it a design target to enable frequency reuse among the LTE base stations (eNBs). 
3GPP RAN1#Adhoc on LAA March 2015 [1] Agreements:
· Enabling frequency reuse for transmission by neighbour LAA cells of the same operator is one target of LAA design
· Above should be taken into account for design of LBT

This led to the submission of many proposals from many companies which can be broadly categorized in three categories as was noted in the conclusions in RAN1#80B meeting.
3GPP RAN1#80 Bis [2] Conclusion: At least the following options can be further studied to enable improved freq. reuse for LBE for DL LAA
· CCA threshold adaptation
· Tx start timing alignment
· Signal subtraction from ED or modified ED
· Combination of those options or other alternatives are not precluded.

 3GPP RAN1#82 [3] Agreement:
· Signal subtraction from ED as a way to enable frequency reuse is not considered in Rel-13
· Note: Frequency reuse is a design target for LAA
LTE basically adopted the strategy of energy detection threshold adaptation, allowing the possibility of choosing a higher value as ED threshold which facilitates the frequency reuse.
[bookmark: _Ref129681832]Frequency Reuse in Unlicensed Bands
Current Limitations for Frequency Reuse
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK27]Listen-before-talk (LBT) has been adopted as the key procedure to access the channel medium in unlicensed spectrum. Since the ED threshold determines whether or not a channel is occupied, it is one of the most critical parameters concerning co-existence. The 3GPP has adopted a scenario-dependent ED threshold adaptation rule. Another very important parameter in the sensing mechanism which has a lot of impact on fairness and coexistence is the contention window size (CWS). Similar to CWS adaptation design utilized by Wi-Fi, 3GPP unlicensed access supports dynamic CWS adaptation based on the hybrid automatic repeat request – acknowledgement (HARQ-ACK) feedback corresponding to the transport blocks sent over the LAA carrier. In particular, the CWS is increased if at least 80 % of the HARQ response values corresponding to transmissions in the first subframe of a DL burst are NACK/DTX; otherwise, the CWS is reset to the minimum value. The detailed minimum and maximum CWS and the set of allowed CWS values for different priority classes were designed to match those of Wi-Fi. For example, for LBT priority class 3 (best effort traffic), the set of allowed CWS values is {15, 31, 63} and it effectively realizes exponential back-off.

3GPP adopted channel access mechanism and the relevant parameters ensure fair co-existence with WIFI or other devices operating in unlicensed band. 

The cellular operation in licensed band has been operating with frequency reuse factor of 1 since the time of 3rd generation of wireless networks. Thus, the base stations of the same operator are very much capable of operating on the same band, thanks to the sophisticated transmit/receive techniques to manage/cancel interference.  

Contrary to multiple WIFI stations which in general have no co-ordination, the cellular networks are deployed by very few operators in each country or geographic zone. Due to the individual nature of channel access mechanism conducted by each base station on need basis, when a single base station gets access to the unlicensed channel medium, it will start using this medium. Due to the wireless nature of the medium, the neighboring base stations of the same operator, if conducting channel access procedure at the same time, will detect energy on this unlicensed band and will refrain from using this. The absence of co-ordination between the base stations in using the unlicensed channel medium results in degraded efficiency over the unlicensed spectrum. Thus, a single base station upon getting access of the channel medium will block this channel for all the neighboring base stations which are susceptible to detect its energy, even though they may be deployed by the same operator and they are capable of single frequency reuse operation.

Thus, currently there are no active mechanisms to successfully and efficiently share the unlicensed medium between the base stations deployed by the same operator. The adaptation of ED threshold is permitted when the existence of other technologies can be overruled by regulations which restricts heavily the frequency reuse.

Observation 1: 
Existing mechanisms are not sufficient to allow efficient frequency reuse of unlicensed spectrum.

Indicating Ownership with Neighbouring gNBs
It was highlighted in the last section that when a base station gets the right to transmit on unlicensed medium after a successful LBT procedure (let’s call it as initiating base station), it can use the medium for a duration of up to MCOT, but unfortunately the neighbouring base stations of the same operator will detect its energy (the transmissions from the base station or the users scheduled by this base station) and will refrain from using this medium. This philosophy makes sense from the perspective of the WIFI devices or other small range group of devices who are uncoordinated. On the other hand, the cellular networks have been operating with a frequency reuse factor of one for a long time and they are equipped with transmission techniques which allow successful use of the same frequency among the neighbouring base stations. The use of multiple antennas (massive-MIMO is an evolution of such techniques), interference alignment techniques and co-ordinated multi-point transmissions combined with sophisticated receive techniques and algorithms allow successful parallel operation over the same frequency carriers. From this point of view, the inability of the neighbouring base stations to transmit over the unlicensed band when one base station of the same operator is occupying the medium makes a major drawback of the legacy unlicensed operation from cellular networks. 

This problem can be resolved if the base station succeeding the channel access mechanism indicates this information to its neighbouring base stations. Thus some form of coordination about the ownership of unlicensed medium can be quite useful.

Proposal 1: It is proposed to investigate the coordination between gNBs for frequency reuse among the neighbouring gNBs.

When the neighbouring base stations get the information about the channel being occupied currently by one of the base stations of their operator, they can also schedule their DL and UL transmissions. This would result in increased spectrum efficiency over the unlicensed carriers.

The base station whose channel access procedure succeeds should indicate this information to the neighbouring base stations. To have a meaningful parallel access and transmission from the neighbouring base stations, the indication of ownership of the unlicensed medium may also include the information regarding under which priority class the channel access was conducted (and succeeded), the contention window size (CWS) used by the base station, MCOT value and the time indication as to how much time is remaining for the expiry of current transmission opportunity (TxOP). 

Proposal 2: When an initiator base station succeeds its channel access mechanism over unlicensed spectrum, it indicates its ownership to its neighbouring base stations. This indication comprises one of carriers/channels for which access has been obtained by the initiating base station, the priority class, the contention window size, the MCOT value and the remaining time to the expiry of the current transmission opportunity.

Actually, many of the coordination techniques may have this issue of medium staying within the coordinated nodes for longer times and other contenders who happen to be uncoordinated may get penalized. The above proposal is quite general and it is applicable to a wide variety of coordination schemes for unlicensed medium access. In the general settings, if a neighbouring base station is able to gain access to the unlicensed medium making use of some coordination information, to be fair with other contending devices it should stop the transmission as per the transmission opportunity of the initiating device.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The followings observations and proposals have been made in this TDoc.
Observation 1: Existing mechanisms are not sufficient to allow efficient frequency reuse of unlicensed spectrum. 

Proposal 1: It is proposed to investigate the coordination between gNBs for frequency reuse among the neighbouring gNBs.
Proposal 2: When an initiator base station succeeds its channel access mechanism over unlicensed spectrum, it indicates its ownership to its neighbouring base stations. This indication comprises one of carriers/channels for which access has been obtained by the initiating base station, the priority class, the contention window size, the MCOT value and the remaining time to the expiry of the current transmission opportunity.
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