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At the previous meeting, RAN1 started the LTE enhancements enabling LAA for unlicensed spectrum access and reached the following agreements [1]:
	Agreements:
· Target a single global framework for LAA
· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 
· Listen-before-talk (Clear channel assessment)
· Discontinuous transmission on a carrier with limited maximum transmission duration
· Dynamic frequency selection for radar avoidance in certain bands/regions
· Carrier selection
· TPC
*Note: not all functionalities may have a spec impact.
*Note: not all functionalities would be mandatory for all LAA eNBs/UEs


In this contribution, we discuss the additional essential enhancements not addressed in RAN1#78bis meeting in order to meet the design targets from the perspective of coexistence with Wi-Fi and other LAA services. Furthermore, we discuss the detailed solutions based on the above agreements. 

Essential enhancements
Carrier/resource occupancy rule in unlicensed spectrum
In order to achieve fair coexistence with other unlicensed spectrum deployments such as Wi-Fi and other LAA services, unlicensed spectrum resources must be used efficiently.  The preferable situation is when the LTE eNB uses minimum amount of unlicensed spectrum resources in order to achieve fairness in sharing the spectrum with other technologies.  For example, the LHS section in Figure 1 shows inefficient occupancy where several of the resources within a transmission are unused.  On the other hand, the RHS section in Figure 1 shows an efficient approach where all the used resources are allocated compactly as the duration of the burst is reduced. Therefore, a study is needed to understand if any carrier or resource occupancy rule for unlicensed spectrum should be standardized.
[image: ]
Figure 1: Resource occupancy

We prefer a minimum resource occupancy rule for LTE transmission Burst should be specified.  Note that we define a unit of discontinuous transmission duration as a LTE Burst.  Until the eNB has sufficient amount of data to be transmitted that occupies more than the minimum resource occupancy threshold only then the eNB is allowed to transmit in unlicensed spectrum.  The details are FFS.
Proposal 1: In order to achieve fair coexistence with other unlicensed spectrum deployments, a minimum resource occupancy rule for a LTE Burst transmission should be specified.

Synchronization between UE and Cell in unlicensed spectrum
According to [2], this study is focused on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (i.e., based on regulatory power limits) operate in unlicensed spectrum and is either DL-only or contains both the UL and the DL.  Therefore, it can be assumed the PCell in licensed spectrum and the SCell in unlicensed spectrum are synchronized in accordance to the current CA requirements.  This implies the UE can achieve coarse timing synchronization with the SCell based on the PCell’s synchronization signal especially for the co-located scenario.  However, this coarse-synchronization may not be sufficient to meet the time/frequency tracking requirements since the propagation characteristics in the SCell in unlicensed spectrum could be quite different.  Therefore, it is preferable if the SCell in unlicensed spectrum provides some sort of time/frequency tracking assistance to the UEs.
If the unlicensed spectrum is used on an “on demand” basis then it is reasonable to assume the small cell ON/OFF techniques and the DRS for synchronization can be reused.  However, the current Rel-12 SCE based DRS design cannot be used because the eNB may not have access to the unlicensed carrier for DRS transmission if the channel is busy.  Therefore, further study is needed how to enhance the current DRS signal design or additional procedures that might be required for resolving the above issue.
Proposal 2: Cells in unlicensed spectrum should provide time/frequency tracking assistance on the operating channel.  The enhanced Rel-12 DRS design should be considered as a candidate for providing such assistance.

RRM measurement / CSI measurement
RRM measurement
As we mentioned in section 2.2, the propagation characteristics of the cells in licensed spectrum are quite different from the cells in unlicensed spectrum.  In addition, the transmission power in the unlicensed spectrum is restricted by regulation.  Since the channel conditions are different for the unlicensed carrier the UEs can provide the radio environment related information to the eNB. This information can be used by the eNB to determine whether the UEs are in SCell coverage and other RRM functions, etc.  This requires the eNB to transmit appropriate reference signals in the unlicensed carrier for UEs to monitor and perform RRM measurements.  The reference signal design should be based on the existing signal design or an already discussed design in other WIs, for example, NCT.  Improvements and enhancements can be made to resolve issues related specifically to the unlicensed spectrum (such as one described in section 2.2).  We note the reference signal design also depends on the transmission modes supported for the transmissions in the unlicensed spectrum.  If only the DM-RS based demodulation TM are supported then the reference signals for RRM measurement are not needed to be transmitted in every subframe.  In that case, reusing DRS should be baseline.  A study is needed for resolving the unlicensed spectrum related potential issue described in section 2.2.
Proposal 3: Cells in unlicensed spectrum should provide an appropriate reference signals for RRM measurements.  The reference signal design should either use the existing design or already discussed designs in previous WIs with enhancements taking the unlicensed spectrum specific issues into account.

PCI (Physical Cell ID) collision avoidance
Regarding the RRM measurement, there is a potential issue if the same PCI is used by multiple operators.  Same PCI should not be allocated to the neighboring cell.  Within an operator’s network, it can be achieved by cell planning or SON function.  However, the problem remains when the same PCI is used by other operators located in the proximity of the first operator.  In our opinion, either UE assisted or eNB based PCI collision avoidance mechanism in unlicensed spectrum should be introduced.
Proposal 4: PCI collision avoidance mechanism in unlicensed spectrum should be introduced.

CSI measurement
Dynamic scheduling should be supported in unlicensed spectrum.  Regarding the self-scheduling case, further study is needed to verify if the existing (E)PDCCH design is robust enough.  In addition to support “on demand” transmissions in the unlicensed carrier enhancements are needed enabling the eNB to acquire necessary feedbacks from UE.  Therefore, the existing CSI feedback procedure must be enhanced in order to handle the unlicensed spectrum specific issues (such as described one in section 2.2).
Proposal 5: RAN1 should consider enhancing the existing CSI feedback procedure/design in order to handle the unlicensed spectrum specific issues. 

Transmission modes supported in unlicensed spectrum
It is yet to be decided which transmission mode will be supported in unlicensed spectrum.  In our opinion, MIMO should be supported in unlicensed spectrum for achieving maximum throughput.  We also believe beamforming based technologies can be effective mitigating interference in the unlicensed spectrum.  In order to support multi-antenna transmission technologies in unlicensed spectrum appropriate CSI feedback and procedures are required.  We propose RAN1 should address which TM on unlicensed spectrum should be supported.  Our preference is only DM-RS based demodulation TM should be supported.
Proposal 6:  Only DM-RS based demodulation TM should be supported in unlicensed spectrum.

HARQ Protocols
HARQ ACK/NACK transmission and corresponding retransmission should be modified for the LAA burst transmissions. Assuming Carrier Aggregation (CA) is applied to LAA operation, ACK/NACK for PDSCH transmitted on SCell is transmitted on PCell.  eNB is expected to send retransmission data over the unlicensed channel in NACK case, however if the channel is busy then the retransmission is not possible.  If eNB cannot access the unlicensed channel for a long time-period then the higher layer timer will expire resulting in retransmission failure.  Therefore, RAN1 should consider how eNB handles the incomplete HARQ processes for achieving efficient retransmission mechanism.

Figure 2: Issue of PDSCH retransmission

Similar to PDSCH retransmissions, the ACK/NACK for PUSCH on the SCell in unlicensed spectrum should also be considered if unlicensed spectrum is used for UL data transmissions.  Since access to the unlicensed spectrum is not guaranteed the eNB may not be able to follow PUSCH retransmission procedures.  Only synchronous HARQ scheme is supported by the existing UL HARQ operation which may not be sufficient for the UL data transmissions. Therefore, RAN1 should study whether a new HARQ process is needed to support the UL data transmissions. 

 
Figure 3: Issue of PUSCH retransmission

Proposal 7: RAN1 should consider how the eNB handles the incomplete HARQ processes for achieving efficient retransmission mechanism.

The summary of our view is shown in Table 1.
Table 1: Additional Essential functionalities
	Functionality
	Description

	Resource occupancy rule
	A study is needed to understand if the minimum resource occupancy rule for a LTE Burst must be specified resulting in fair coexistence with Wi-Fi.  E.g., if traffic is less than the minimum resource occupancy, unlicensed spectrum usage is not permitted by LTE.


	Synchronization
	Reusing DRS as baseline. A study is needed for eNB behavior if LBT is applied and if eNB detects higher interference than the threshold.


	RRM measurement
	Reusing DRS as baseline. A study is needed for eNB behavior if LBT is applied and if eNB detects higher interference than the threshold.


	PCI (Physical Cell ID) collision avoidance mechanism
	Either UE assisted or eNB based PCI collision avoidance mechanism should be introduced.


	Scheduling and necessary feedbacks including Multi-antenna Transmission support 
	[bookmark: _GoBack]A study is needed how eNB acquire necessary feedbacks for dynamic scheduling from UE if unlicensed spectrum is used on an “on demand” basis.  Also a study is needed which transmission modes are supported in unlicensed spectrum and what feedbacks from the UE are needed for “on demand” unlicensed spectrum is to be used. 


	HARQ protocols
	A study is needed for HARQ design especially when unlicensed spectrum is used on an “on demand” basis.




Analysis of detailed solutions
Frame structure 
According to [2], RAN1 is requested to determine a single global solution for LAA.  Therefore, one unified LAA solution meeting the regulations of each country or region should be studied.  Since the regulations of unlicensed spectrum are different in each country or region, it is desirable to design a system using the most stringent countries’ and regions’ regulations. 
In the last meeting, RAN1 agreed to introduce Listen-before-talk (Clear channel assessment) and discontinuous transmission on a carrier with limited maximum transmission duration to meet the regulatory requirements in some regions/bands.  It means the “bursty” transmissions are used by the Cells in unlicensed spectrum and in some countries/regions the Listen-before-talk (LBT) is performed before the burst transmission.  Since a single global solution is expected, we propose the maximum duration of a transmission burst should be 4 ms for meeting the most stringent requirement i.e., Japanese regulation.  There is another alternative to consider configurable burst length.  However, according to the European regulation, the minimum gap length between contiguous bursts depends on the burst length.  To satisfy both the configurable burst length and the gap related to the burst length, the frame design would be complicated and we prefer to simply single burst length in the standards.  Having a fixed burst length based frame structure helps to reduce the standardization workload.
Although this frame structure is required only for Europe and Japan, we suggest LBT and discontinuous transmission should be mandatory features for LAA operation.  These features are also beneficial in achieving fair coexistence with other technologies such as Wi-Fi.
Proposal 8: LBT and discontinuous transmission should be mandatory features for LAA operation.  The maximum transmission duration of a transmission burst should be 4 ms.

LTE Burst design
A LTE Physical Layer for unlicensed spectrum should reuse the existing LTE Rel-12 design with extension to meet the regulations requirements.  Therefore, the start position of data transmission must be predefined.  The location of LBT should be designed taking into account above restriction.  Some of the following frame structures can be considered: 
[image: ]
Figure 4: LTE Burst design (Alt 1)

[image: ]
Figure 5: LTE Burst design (Alt 2)

[image: ]
Figure 6: LTE Burst design (Alt 3)

The simplest approach is to have four contiguous subframes as one LTE Burst (Figure 4 (Alt 1)).  This design assumes one Idle-subframe for every one LTE burst and the LBT occurs during the last symbol of the Idle-subframe which is right before the next LTE burst transmission.  Even though this alternative can use four subframes for data transmission, eNB should wait at least one subframe to transmit the next LTE Burst.  Assuming the fair coexistence can be achieved by this structure, but the spectrum usage is inefficient during the low traffic load scenarios.  Therefore, an enhancement to Alt. 1 can be considerable as shown in the Figure 5 (Alt 2).  In this alternative, the last few symbols of the last subframe within the four contiguous subframes used for LTE burst transmission.  Although, the data transmission is suspended before the 4ms expiration, the next LTE Burst can be started from the next subframe boundary (FFS: whether the last subframe is achieved by the DwPTS).
If the LTE Burst design is expected to keep 1 ms periodicity of subframe boundaries, the location of LBT should be placed within the subframe like Figure 6 (Alt 3). In this alternative, the location of LBT is placed on the last one or two symbols of each subframe.  If one symbol is enough for LBT, it may be achieved by puncturing the last symbol. 
If the LTE Burst design doesn’t need to follow the existing Rel-8 LTE frame structure then a new design can be introduced.  We show the Alt 2’ and 3’, which is based on Alt 2 and 3 by shifting the location of the LBT to the first symbol-time of the first subrame (Figure 7 and 8).  Note if EPDCCH is supported for self-scheduling then Alt 2’ and 3’ are can be modified by removing the PDCCH and replacing it with PDSCH is FFS.  Since CA based LAA operation is assumed, common search spaces are not needed in PDCCH on unlicensed spectrum.
[image: ]
Figure 7: LTE Burst design (Alt 2’)

[image: ]
Figure 8: LTE Burst design (Alt 3’)

However, Alt 2 (or 2’) and 3 (or 3’) have a potential issue in case more than two eNBs belonging to different operators share the same unlicensed spectrum carrier.  As we show in Figure 9, if the operator B’s LBT timing is overlapped by the operator A’s data transmission timing, operator B cannot use the channel until operator A stop its transmission.  Note that it is hard for operator B to change the timing of unlicensed cell’s subframe boundary since it is aligned with the cell in licensed spectrum due to CA based LAA operation.
There are two possible solutions.  One is to introduce random back-off mechanism.  For example, the eNB after ending the first set of LTE burst transmissions is not allowed to start the next set of LTE Burst transmissions until the back-off period expires.  The back-off period duration should be equal to the multiples of a subframe-duration and the number of LTE burst transmissions per set is FFS.
The other solution is to have a “header subframe”.  This design allows the eNB to perform LBT anytime within the subframe and then transmit a reservation signal until the next subframe boundary.  The reservation signal design details are FFS.  However, in this case the LTE Burst starts from the reservation signal transmission the length of the data transmission has to be reduced accordingly.  This can be achieved by puncturing the last few symbols.  A regular LTE Burst will follow the “header subframe”.  The header subframe is transmitted during the first subframe of the first burst transmission for every set of burst transmissions.  As mentioned before the number of LTE burst transmissions per set is FFS. 
[image: ]
Figure 9: Issue of LBT location 

[image: ]
Figure 10: Example of flexible LBT location

RAN1 should compare all of the above options and decide which model should be specified based on the simulations results.  However, in general we prefer Alt.3 with random back-off because the standard impact is small and the channel usage is seems more efficient compared to other options. 
Proposal 9: RAN1 should compare the options and decide which model should be specified based on the simulation results.

Operation carrier selection
Channel bandwidth in unlicensed spectrum
5 GHz spectrum is divided into 20 MHz wide chunks bandwidth for use in Wi-Fi.  In our opinion, Component Carrier (CC) in unlicensed spectrum should be aligned with this bandwidth for better coexistence.  The maximum number of aggregated CC should be 5 whether the CC is in licensed spectrum or unlicensed spectrum.  It means up to 4 CCs in unlicensed spectrum should be aggregated at same time if needed.  However, some restriction should be introduced for fair coexistence with Wi-Fi and other LAA services.  For example, eNB not using unlicensed spectrum can use the CC in unlicensed spectrum has a priority over the eNB already using unlicensed spectrum.
Proposal 10: Component Carrier (CC) in unlicensed spectrum should be aligned with 20 MHz bandwidth for better coexistence. 

Channel selection
Channel selection is one of the most important features for LAA operation.  In order to achieve fair coexistence with other unlicensed spectrum deployments, the eNB should be able to select a channel which has the least amount of interference among the available multiple carriers.  We understand the LAA channel selection algorithm is an implementation issue however, it can be assumed the algorithms are based on some sort of long term carrier sensing and energy detection.

 Figure 10: Channel selection

Hidden node problem
We believe the hidden node problem should be taken into account when designing the channel selection procedures/schemes.  In one approach both the eNB and the UE can measure the candidate channel for the channel selection.  One approach is either the eNB or the UE detect the interference level of the channel to be higher than a threshold, it can be assumed that channel is occupied. The UE has to report back to the eNB if the interference is higher than the threshold.  We term this process as dual-sensing.  In another approach, only the eNB does the sensing.  We term this process as single-sensing.  In both dual and single sensing the eNB transmits reference/synchronization signal in unlicensed CC and request the UE to send measurement reports. 


Figure 11: Two solutions for channel selection manner (left: proactive / right: reactive)

The dual-sensing requires additional signaling compared to single-sensing and a complicated procedure to identify which UE must do the sensing, etc.  Therefore, we prefer the single-sensing process.
Proposal 11: LAA should support single-sensing scheme.  In addition, the UE sends measurement reports of the unlicensed carrier helping the eNB to determine whether the channel is busy.

Dynamic frequency selection (DFS)
In the previous meeting, it was agreed that DFS for radar avoidance in certain bands/regions should be introduced.  In our opinion, the detailed algorithm should be up to implementation since thresholds for DFS requirements are not the same for each case.  It means DFS should be an optional feature and should be introduced only the countries (or regions) in which DFS is a mandatory function for unlicensed spectrum usage.  Only corresponding tests for satisfying each regulation requirements should be standardized in 3GPP.
Proposal 12: DFS should be an optional feature and only corresponding tests for satisfying the each regulation requirements should be standardized in 3GPP.

Dynamic carrier switching
As we described in section 2.4, there is a possibility that eNB cannot use the unlicensed channel for a long period of time resulting in incomplete HARQ processes.  In this case, it could be beneficial if the retransmission data can be sent over another available unlicensed channel.  Since the amount of unlicensed spectrum available is large enough, the eNB should keep performing carrier sensing continuously in the background for switching carrier dynamically.  If eNB detects an appropriate carrier when the current channel is busy for a certain time, HARQ retransmissions can be allowed on the non-busy unlicensed channel. This procedure requires increased signaling overhead in exchange for the carrier-diversity benefit.
In addition, inter-CC hopping can be achieved by this dynamic carrier switching mechanism.  Since the interference characteristics on unlicensed spectrum are unpredictable, frequency-hopping may be an effective technique for unlicensed spectrum operation.  Further study is needed for the detailed procedure.
Proposal 13:  Dynamic carrier switching mechanism should be introduced for LAA operation.

Fast SCell ON/OFF switching
For achieving dynamic carrier switching mechanism, fast SCell ON/OFF switching should be enabled.  In Rel-12 SCE, new L1 procedures for SCell ON/OFF switching were discussed.  However, RAN1 couldn’t reach a consensus and no new mechanism was introduced.  In our opinion, fast SCell ON/OFF switching mechanism should be discussed again in any Rel-13 WI (/SI) based on the existing agreements of Rel-12 SCE.
Proposal 14: Fast SCell ON/OFF switching mechanism should be introduced in Rel-13.

LTE Beacon (Broadcast channel) transmission
There is a situation that one unlicensed spectrum CC is shared by more than one LAA service.  In that case a tight coordination is preferable between the LAA services.  Both time-domain and frequency-domain based resource allocation can be considered.  Regarding the time domain resource sharing, periodic resource sharing or burst resource sharing should be considered.  In this situation, it might be beneficial if the unlicensed spectrum usage information is shared with the neighboring node by broadcasting the information.  This broadcast information is delivered over the “LTE Beacon” LAA services should detect neighboring LTE Beacons and set their own LAA parameters appropriately and then they can broadcast them as well. The candidate contents of LTE Beacon are: the configuration of unlicensed spectrum’s synchronization signal or reference signal, the traffic load information of unlicensed spectrum and so on.  In addition, LTE Beacon can also be used for sharing which channel is selected by the node its LAA operations.
A study is needed for the transmission timing for the LTE Beacon.  In our opinion, it should be transmitted on the same subframe with synchronization signals, which is the same design concept of current LTE i.e., Broadcast channel (PBCH) is located on the same subframe with PSS/SSS. An example of LTE Beacon transmission is shown in Figure 12.  FFS whether the LTE beacon should be transmitted on every synchronization signal’s transmission timing.
[image: ]
Figure 12: An example of LTE Beacon transmission 

Proposal 15: The unlicensed spectrum usage information should be broadcasted to other operators over LTE Beacons.

Conclusions
In this contribution, we discuss the other necessary enhancements not addressed in RAN1#78bis to achieve the design targets from the perspective of coexistence with Wi-Fi and other LAA services. Then we discuss the detailed solutions based on above agreements.  We have following proposals.
Proposal 1: In order to achieve fair coexistence with other unlicensed spectrum deployments, a minimum resource occupancy rule for a LTE Burst transmission should be specified. 
Proposal 2: Cells in unlicensed spectrum should provide time/frequency tracking assistance on the operating channel.  The enhanced Rel-12 DRS design should be considered as a candidate for providing such assistance. 
Proposal 3: Cells in unlicensed spectrum should provide an appropriate reference signals for RRM measurements.  The reference signal design should either use the existing design or already discussed designs in previous WIs with enhancements taking the unlicensed spectrum specific issues into account.
Proposal 4: PCI collision avoidance mechanism in unlicensed spectrum should be introduced.
Proposal 5: RAN1 should consider enhancing the existing CSI feedback procedure/design in order to handle the unlicensed spectrum specific issues. 
Proposal 6: Only DM-RS based demodulation TM should be supported in unlicensed spectrum. 
Proposal 7: RAN1 should consider how the eNB handles the incomplete HARQ processes for achieving efficient retransmission mechanism.
Proposal 8: LBT and discontinuous transmission should be mandatory features for LAA operation.  The maximum transmission duration of a transmission burst should be 4 ms.
Proposal 9: RAN1 should compare the options and decide which model should be specified based on the simulation results.
Proposal 10: Component Carrier (CC) in unlicensed spectrum should be aligned with 20 MHz bandwidth for better coexistence.
Proposal 11: LAA should support single-sensing scheme. In addition, the UE sends measurement reports of the unlicensed carrier helping the eNB to determine whether the channel is busy. 
Proposal 12: DFS should be an optional feature and only corresponding tests for satisfying the each regulation requirements should be standardized in 3GPP.
Proposal 13:  Dynamic carrier switching mechanism should be introduced for LAA operation.
Proposal 14: Fast SCell ON/OFF switching mechanism should be introduced in Rel-13.
Proposal 15: The unlicensed spectrum usage information should be broadcasted to other operators over LTE Beacons.
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