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1 Introduction
In this contribution, we discuss some potential options for uplink transmission in the unlicensed carrier and RAN2 aspects on uplink LBT operation. 
2 Potential options for uplink transmission in the unlicensed carriers
Listen-before-talk (LBT) is an important feature for co-existence in the unlicensed band, wherein a transmitter listens to detect potential low interference channel. LBT requires each transmitter to follow a carrier sensing and possibly a backoff process depending on the LBT design prior to any transmission. Some regions such as in Europe have regulations requiring LBT for operation in unlicensed bands. Although LBT is not mandated by regulations in other regions, it can be still essential to ensure fair coexistence between different radio access technologies such as Wi-Fi and LAA. 
Depending on resource allocation and carrier sensing for LBT, there could be several alternatives for uplink transmission. 

Dedicated eNB scheduled uplink transmission

Like normal LTE uplink transmission, the eNB schedules uplink transmission. The eNB schedules UEs using the existing PDCCH mechanism and allocates resources for the uplink transmission. Uplink grant can be transmitted in the licensed carrier with cross carrier scheduling or in the unlicensed carrier with self-scheduling. Before sending uplink grants, the eNB performs LBT, i.e., the eNB performs carrier sensing and CCA (Clear Channel Assessment)/eCCA (extended CCA). If the channel is sensed as idle, the eNB then may send a reservation signal (to reserve the channel) for the duration of PDCCH processing time as illustrated in Figure 1 to prevent possible interference from other eNBs or UEs. The reservation signal can be any DL transmissions, e.g., (e)PDCCH, PDSCH, DRS, and PSS/SSS.
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Figure 1. An illustration of a series of eNB LBT, UL grant transmission, and PUSCH transmission under the assumption of self-carrier scheduling. 
There are two variants depending on whether UE senses the channel before transmitting uplink data on the scheduled subframe.

· Alternative 1: LBT is not performed by the scheduled UE before the corresponding UL transmission, i.e., upon reception of a UL grant, the scheduled UE transmits PUSCH on the scheduled subframe without sensing the channel. Since UE does not sense the channel, this method may not be in accordance with rules in some regions; Europe has regulations requiring LBT for operation in unlicensed bands.

· Alternative 2: LBT is performed by the scheduled UE before the corresponding UL transmission, i.e., upon reception of a UL grant, the scheduled UE should perform channel sensing and transmits PUSCH on the scheduled subframe only when the channel is sensed to be idle. To allow the channel sensing by the scheduled UE, a sensing period should be introduced either at the end of subframe k+3 or in the beginning of subframe k+4. During the sensing period, the eNB transmits no signal/channel and only the UE which has grabbed the channel transmits during the sensing period transmits a reservation signal to reserve the channel until the end of the sensing period. For instance, the last one or a few OFDM symbols of subframe k+3 or the first one or a few OFDM symbols of subframe k+4 can be used for the sensing period. 

Contention based uplink transmission
Instead of scheduling a single UE for a set of resources, e.g., one subframe, an eNB may send an uplink grant for a specific subframe to a group of UEs who requested scheduling. A new RNTI can be defined for this purpose and a group of UEs will share the same value of this new RNTI. The eNB can use this RNTI instead of C-RNTI when CRC is attached to the DCI message payload, so that the group of UEs can receive the PDCCH. Upon receiving such uplink grant from eNB, the group of UEs will enter into contention, i.e., perform LBT, to send an uplink data. The reservation signal can include the UE’s C-RNTI, modulation and coding scheme (MCS), etc. This approach is more complicated than the dedicated eNB scheduling because the contention resolution mechanism should be introduced. However, this approach may be beneficial in the sense that it increases the probability of using uplink resource. It is observed that if the UE also performs LBT, the uplink resource may not be fully utilized although the eNB allocates the uplink resource after LBT in eNB side. 
 Autonomous uplink transmission
Both eNB and UE perform LBT independently with their own LBT parameters, which is very similar to the way how Wi-Fi devices currently operate. However, major specification impact is expected, e.g., PDCCH scheduling mechanism, HARQ timing, etc.
In the following table, we summarize RAN2 impact for each option for LAA uplink scheduling described in the above. 
	Option 
	RAN2 impact

	1. eNB scheduling without  UE LBT
	No impact. Same as LTE in licensed carriers.

	2. eNB scheduling with UE LBT
	UL LBT should be specified in MAC. The UE behavior should be specified when the UE cannot send uplink data as outcome of LBT. 

	3. Contention based uplink transmission
	UL LBT should be specified in MAC. The UE behavior should be specified when the UE cannot send uplink data as outcome of LBT. Collision resolution mechanism should be introduced. 

	4. Autonomous UE transmission
	UL LBT should be specified. Big spec impact e.g. TBS selection, uplink control information for MCS, resource configuration. UL HARQ


Considering the limited time for Rel-13 study item, autonomous UE transmission is not desirable because big specification changes are expected. Therefore, eNB scheduling based uplink transmission should be used for LAA uplink similarly to uplink in the licensed carrier. In case of high contending scenario, uplink resource utilization becomes low more than downlink transmission if both eNB and UE needs to perform LBT. For this scenario, it would be worthwhile to discuss the support of multiple UEs scheduling i.e. contention based uplink transmission to increase the chance of acquiring the channel. 

Proposal 1: RAN2 agree that eNB scheduled uplink transmission with/without LBT should be supported for uplink LAA. 
Proposal 2: RAN2 discuss whether contention based uplink transmission can be supported for LAA. 

3 MAC functionalities for LBT
In this section, we discuss basic LBT operation (Load based equipment based) which can be applicable to both uplink and downlink. Figure 2 shows a flow for LBT. When a new transmission occurs, the transmitter determines a counter value (N) randomly. If the channel is idle upon CCA, the transmitter goes to the ECCA mode with the counter value. If the channel is busy, the transmitter keeps performing CCA until the channel is idle. In ECCA mode, if the channel is idle during N ECCA observation slots, the transmitter is allowed to send data. 
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Figure 2: Flowchart for LAA LBT
There are a few differences for the uplink LBT compared to the downlink LBT considering LTE uplink transmission.

· The start timing for CCA is determined based on uplink grant as well as uplink transmission timing. In downlink, the eNB initiates LBT simply when the data to send occurs. In uplink, the UE can initiate LBT upon uplink transmission. In order for the UE to pass CCA, the eNB and other UEs should not send any signal. For example, the last symbols of the previous subframe (k-1) or the first symbols of the scheduled subframe (k) should be punctured for CCA/ECCA. 
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Figure 3: example of observation period for CCA/ECCA
Observation 1: LBT is initiated upon uplink grant from the eNB. The observation period is fixed depending on the punctured symbols for CCA/ECCA.  
· The available time for CCA/ECCA is limited because the uplink transmission timing is fixed with uplink scheduling. That is, if the UE receives uplink grant at subframe (k-4), the UE should send uplink data in PUSCH at subframe (k). If the UE cannot pass LBT operation before uplink transmission timing, the UE cannot send uplink transmission. Therefore, further CCA/ECCA operation is not necessary. 

Observation 2: LBT should stop if it is not completed before scheduled uplink transmission timing.   
· After the UE passes LBT, the UE may need to send a reservation signal to make other device to assume the channel is occupied. However, the reservation signal can cause other scheduled UE to fail in LBT operation if the other scheduled UE detects the reservation signal. Therefore, in order to avoid this situation, the observation period should be aligned or the starting of uplink signal should be aligned between the UEs scheduled in the same subframe. 
Observation 3: the observation period or the starting of uplink signal should be aligned among the UEs scheduled in the same subframe. 
· UL LBT may be relaxed if it is likely that the channel is clear. For example, if the UE is scheduled with multiple consecutive subframes, the UE can perform LBT for the first subframe only and send the remaining uplink transmission without LBT. 
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Figure 4: LBT in case of multi-subframe scheduling
Observation 4: UE LBT can be relaxed if multiple subframes are scheduled to the same UE. 
· The back-off counter value (N) for ECCA is given randomly in [1,q], where q is a value to be chosen in the range of q([4,..,32]. [1] The ‘q’ value also determines the maximum channel occupancy time as q*13/32ms. However, in LTE uplink, the maximum channel occupancy should be determined by eNB scheduling i.e. one or multiple subframes. In this sense, ‘q’ value can be defined according to the scheduled number of subframes. However, if N value should be aligned among the UEs scheduled in the same subframe as discussed above, N value should be the same for all UEs or at least scheduled UEs in the same subframe.  In this case, the eNB can configure the proper N value. 
Observation 5: ‘N’ value may be dependent on eNB scheduling (in terms of the number of scheduled subframes) or configured by the eNB.

Proposal 3: RAN2 should take the above observations into account in the design of uplink LBT operation. 
4 Data handling in case of busy channel
According to LBT operation, the UE should not send uplink transmission if the UE detects the channel is busy during CCA or ECCA. In uplink, the UE already generates MAC PDU and or generate PUSCH data after encoding before CCA/ECCA based on uplink grant because of the very short processing time between CCA and the actual uplink transmission. 
Although LTE does not consider the case where the initial transmission is not transmitted, if the retransmission is not sent e.g. measurement gap, the UE stores data in HARQ buffer and wait for the adaptive retransmission. Similar to LTE, if the channel is busy upon CCA/ECCA and hence the UE cannot send uplink data, the UE should keep the generated MAC PDU in corresponding HARQ buffer and waiting for next retransmission opportunity. The eNB should send another grant for retransmission in case of asynchronous HARQ rather than a new transmission.
Proposal 4: RAN2 agree that the UE keeps data in HARQ buffer and wait for the next retransmission if the channel is busy upon LBT.  
5 Conclusion
According to regulatory requirement, uplink transmission should support LBT operation in certain region. Considering specification impact and uplink resource utilization, we proposed the following points for uplink transmission with LBT.  
.

Proposal 1: RAN2 agree that eNB scheduled uplink transmission with/without LBT should be supported for uplink LAA. 
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Proposal 2: RAN2 discuss whether contention based uplink transmission can be supported for LAA. 


In Section 3, we discussed uplink specific aspects to support LBT operation. We propose RAN2 should take the following observations into account to specify uplink LBT operation.    

Observation 1: LBT is initiated upon uplink grant from the eNB. The observation period is fixed depending on the punctured symbols for CCA/ECCA.  



 REF ob2 \h 

Observation 2: LBT should stop if it is not completed before scheduled uplink transmission timing.   
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Observation 3: the observation period or the starting of uplink signal should be aligned among the UEs scheduled in the same subframe. 
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Observation 4: UE LBT can be relaxed if multiple subframes are scheduled to the same UE. 
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Observation 5: ‘N’ value may be dependent on eNB scheduling (in terms of the number of scheduled subframes) or configured by the eNB.
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Proposal 3: RAN2 should take the above observations into account in the design of uplink LBT operation. 

Finally, it is necessary to specify how the UE handles uplink data when the UE cannot send uplink due to busy channel upon LBT. 

Proposal 4: RAN2 agree that the UE keeps data in HARQ buffer and wait for the next retransmission if the channel is busy upon LBT.  
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