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1. [bookmark: Source]Introduction
In RAN#68 meeting, the new work item on licensed-assisted access to unlicensed spectrum was agreed [1]. For LAA UL LBT, it gives the following objective. 
· When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells  can be added in future release without modifications to the DL design.
Also in last RAN1#81 meeting, the following agreements for LAA UL were proposed [2]. 
· LAA supports UL LBT at the UE.
· The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) e.g., since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities
· Other considerations including multiplexing of multiple UEs in a single subframe
· Possibly other considerations
In this contribution, we discuss the potential LBT schemes for LAA UL, and the frame structure design for LAA with DL and UL.
2. [bookmark: _Ref410047471]LBT Scheme for LAA UL
In current LTE system, the UL data transmission is always based on eNB scheduling. For LAA, the unlicensed carrier needs to be free before UL transmission on the unlicensed spectrum. In many regions e.g. Europe and Japan, the LBT regulation should be satisfied to transmit signals through unlicensed spectrum. Two possible alternatives of UL LBT were discussed in [2]. 
2.1. Alternative 1: UE performs LBT before UL transmission
For this alternative, each UE, as the transmitter, is required to perform LBT when it is scheduled with UL transmission. This alternative clearly complies with the regulation requirement in Europe. Only if the LBT succeeds, the UE could transmit its data to the eNB.
2.1.1. LBT schemes
In RAN1 #80, LBT schemes were classified into four categories as LAA channel access mechanism [3]. Among these four categories, category 2, and category 3 &4 could be used as candidate LBT scheme for LAA UL.
· LBT category 2: LBT without random back-off
With this LBT scheme,,the timing/format of data transmission on LAA UL follows eNB’s scheduling command, which make it easy for the eNB’s UL data reception and the multiplexing of UL data transmissions from multiple UEs. Moreover, to avoid eNB detection of arbitrary PUSCH length in a subframe, it would be desirable to keep such fixed timing and restrict the transmission starting point at the subframe boundary for UL LAA. With LBT category 2 (FBE based LBT), a UE can perform CCA check just before the scheduled subframe and can start UL transmission when channel is assessed as idle from the energy detection. One concern is that it may be uncompetitive compared to LBT operation with random back-off since it has relatively little low chance to access channel. However, multi-user scheduling is naturally supported by LBT category 2, since CCA positions are naturally aligned among intra-cell UEs.
· LBT category 3 & 4: LBT with random back-off
LBT with random back-off is designed for opportunistic transmission, which can start at a random time. To support LBT category 3 & 4 as the LAA UL channel access mechanism, some issues need to be studied:
1. Whether to restrict the UL transmission timing starting at the subframe boundary?
If it is desired to restrict the UL transmission starting at the subframe boundary as mentioned in previous section, the advantage of flexible transmission starting point does not exist for LBT category 3 and category 4. To align the transmission starting at the subframe boundary, two approaches can be considered:
a) One possible solution is that UE defers CCA operation for a while (i.e., defer time) and resume initial CCA just before the subframe boundary. However, the channel contention capability of this approach is essentially even weaker than LBT category 2, since the channel access is determined by the energy detection result of last initial CCA.
b)  The UE can transmit reservation signal from the time it can access channel until subframe boundary. If eNB schedules multiple UEs in the same UL subframe, it is possible one of the UEs may experience LBT failure due to reservation signal transmission from other UEs. For example, in Figure 1, UE1 succeeds in the CCA check ahead of UE2 and occupies an available channel by sending a channel reservation signal until the beginning of next subframe. UE2 will deem the channel unavailable since it cannot pass the CCA checks, which leads to inefficient utilization of the unlicensed resource. The following section would propose several solutions to address this issue. 


Figure 1: LBT block due to preamble
2. How to support multi-user scheduling?
In order to support multi-user scheduling, the following alternatives can be considered for LAA.
a) One possible solution is to introduce signal detection for LAA UE. If a UE is able to detect the preamble sent by other intra-cell UEs, the UE could re-evaluate the result of CCA energy detection. Then the LBT procedure on such UE will not be blocked by other UEs’ transmission. However, additional signal detection complexity will be introduced in this approach.
b) Another possible solution is to align the UL transmission of multiple UEs to pre-defined boundary, e.g., introducing self-deferral. For the UEs finishing the CCA check quicker than other UEs, a defer access can be introduced. However there is a risk that the UE may lose the channel during the defer duration. As explained previously, this would result in even lower channel access probability than LBT Category 2.
c) The other potential solution is to support sub-band/PRB level energy detection. Currently, the energy detection in CCA is performed only for the whole band. If the sub-band/PRB level energy detection is supported, UEs could only check the channel availability for pre-scheduled frequency resources. In this case, the transmission from one UE will not block the CCA check from other UEs. However, sub-band/PRB level energy detection may raise some coexistence fairness concern with WiFi, since WiFi nodes only support CCA whole band energy detection.
3. When the UE needs to perform LBT before UL transmission, one UL transmission would require two LBT procedures in case of self-scheduling, one at the eNB for UL grant, another at the UE. If both follow regular LBT, the chance for the UL transmission to occur is greatly reduced. Therefore, there have been discussions to make UL LBT more relaxed than DL LBT. More aggressive LBT parameters can be considered, e.g., smaller contention window size, higher CCA-ED threshold, or only initial CCA.
4. Another concern for LBT with random back-off is that UE may not be able to transmit UL if it starts CCA too late that there will be not enough time to finish the eCCA procedure before the scheduled subframe. Moreover, the overhead of reservation signal will be quite large if UE starts CCA too early and quickly access the channel. This would need to be carefully balanced.
2.1.2. Other considerations
When the UE successfully receives a UL grant but fails its LBT, it could not initiate its UL transmission. This clearly results in resource waste as the resource allocated to the UE could not be allocated to another UE. Hence it is better to increase UL transmission opportunities when this happens. One such example is to schedule a group of UEs to contend for the same UL resources but with different CCA timing instant. Even if one UE with the preceding CCA timing could not occupy the channel, other UEs with the latter CCA timing still have chances for uplink transmission. In order to achieve this, the eNB need to send multiple UL grants to multiple UEs targeting the same UL resources. However, note that each UE would be required to detect and differentiate whether the channel is already occupied by other UEs belonging to the same group or not, which would increase UE detection complexity.
If UE needs to perform LBT before UL transmission, by definition it means that each UE should perform LBT before its own transmission, regardless of whether it is scheduled in the first subframe in the UL transmission burst or a subsequent subframe. As illustrated in Figure 2, the eNB allocate the continuous subframes for multiple UEs (UE1 and UE2). In order to allow LBT operation at UE2, it is required that a certain duration in UL subframe should remain blank. Therefore, first or last few OFDM/SC-FDMA symbols of the DL or UL subframe can be punctured to allow UL LBT operation for each subframe.

[bookmark: _GoBack]
Figure 2: Frame structure of scheduling continuous subframes for multiple UEs
Another solution is to use the continuous subframe or multi-subframe scheduling. That is, all UEs to be scheduled in the same UL burst should be scheduled from the first UL subframe that immediately follows the UL CCA period, otherwise, the channel could be grabbed by other devices in subframes between CCA period and the first scheduled UL subframe [4].
Proposal 1: For UL LBT, the followings can be considered for LBT operation.
· LBT category 2 (LBT without random back-off)
· LBT category 3 & 4 (LBT with random back-off) with considerations of
· How to support multi-user scheduling (e.g., signal detection; sub-band/PRB level energy detection)
· how to making the UL LBT faster (e.g., smaller CWS; higher CCA-ED threshold; only initial CCA)
· To grant multiple UEs for the same resource can increase UL transmission opportunities.
· First or last few OFDM/SC-FDMA symbols of the DL or UL subframe can be punctured to allow UL LBT operation

2.2. Alternative 2: eNB performs LBT for UL transmission of UE
This alternative allows the eNB to perform LBT on behalf of the UE. When the UL transmission burst occur immediately after the DL transmission burst from that eNB on the same carrier (with a small gap), the UE is allowed to skip LBT before UL transmission. This operation can be treated as a complementary channel access mechanism, when UL transmission is consecutive to DL transmission. However, there are some limitations with this alternative.
· With this alternative, the overall channel duration, consisting of both the DL and the UL occupancy time, should not exceed the maximum channel occupancy time allowed by the regulations. This may result in very short channel duration time for each direction. In Japan, only maximum 4 milliseconds are allowed. For this approach to work, the latency between UL grant and UL data transmission needs to be reduced from the current 4 ms to a smaller value, in order for both DL and UL transmissions to fit into the maximum channel occupancy time. Moreover, even if the latency is reduced, the maximum channel occupancy time can be too short to be efficient to cover both DL and UL transmissions. In other regions where the maximum channel occupancy time is longer, e.g. 10 ms in Europe, this alternative would be more effective.
· If eNB does not have enough DL data traffic, eNB may have to transmit reservation signal to hold the channel for UEs. It would result in unnecessary occupancy of the channel.
It is understood that the channel sensing results at the eNB and the UE may be different. By having eNB perform channel sensing for the UE, the UL transmission from the UE may cause undesirable interference to other nodes. It can be considered further whether enhancements should be done to alleviate the effect. Note that a similar mechanism is allowed in Wi-Fi and it is also been discussed for 802.11ax where the UL adopts the centralized scheduling from the AP, similar to LTE/LAA.
If this alternative is allowed, it would introduce another flavor of UL LBT operation. Usually it would be more preferable to have a single unified approach. However, UL transmission for LAA is particularly tricky due to the potential two LBT procedures required for the UL transmission. This alternative would greatly alleviate the issue. Thus it is still worth being considered.
Proposal 2: Allowing the eNB to perform LBT on behalf of the UE for UL transmissions under certain constraints can be considered as a complementary approach.
3. LAA DL/UL frame structure
When both DL and UL transmission is supported in unlicensed band, it is likely that UL and DL is multiplexed by TDM. To support both DL and UL for LAA, one possible approach is to reuse the existing LTE frame structure type 2 (TDD) or reuse the concept and define new configuration(s).
By following the basic structure of the LTE frame structure type 2, the guard time defined in Special subframe could still serve the same purpose for DL-to-UL switching in LAA. If existing configurations are reused, the corresponding scheduling and HARQ timing could be reused as well.
LTE TDD frame structure 2 can be adapted relatively easily to support FBE in LAA UL. In order to comply with FBE-based regularity requirements, UEs perform CCA at fixed time instant in every period. One example of an UL/DL frame structure to support FBE in UL is shown in Figure 3. Specifically, 
· For UEs scheduled at the U1 uplink subframe following the Special subframe, the CCA time instant is located at the last symbol of the UpPTS of Special subframe. 
· It is assumed that the last symbol of the Special subframe is not used for SRS or PRACH. 
· For UEs scheduled at the U2 and U3 subframes, the CCA time instant is located at the first symbol of the U2 subframe. These UEs could be scheduled continuously in subframes U2 and U3 via multi-subframe scheduling, or at the U2 subframe only. 
· This example is to show that multi-subframe scheduling can reduce the need for channel sensing. Alternatively, channel sensing can occur in each subframe, or channel sensing can occur only before U1 and all three UL subframes are scheduled together using multi-subframe scheduling.
· Once CCA succeeds, each UE could transmit a short preamble signal to occupy the channel immediately within the remaining fractional OFDM symbol. This ensures that the UEs served by other eNBs or Wi-Fi nodes would sense the channel occupied. 


[bookmark: _Ref402873794]Figure 3: FBE-based frame structure for LAA based on LTE TDD
Considering LBT, eNB and UEs have to perform CCA just before transmission, which means the fixed DL/UL pattern may have significantly negative impact on the efficiency of channel contention and use. For example, eNB may have to give up DL transmission within 3ms as following 2 subframes are UL subframe, even though the channel is allowed to be used with continuous 10 ms. It is desirable to continuously occupy the channel as long as possible within one channel occupancy time for either DL or UL, and avoid unnecessary switch between DL and UL transmission. Thus, the channel occupancy opportunity at the eNB and the UE side is not well adapted to a fixed DL/UL subframe configuration.
Therefore, to support UL/DL traffic adaption, it is desirable to support flexible UL/DL configuration. Based on scheduling, any subframe can be flexibly used as a DL or UL subframe based on the DL/UL traffic load (like eIMTA manner). In this case, the scheduling and HARQ timing would need to be re-considered. For instance, the Uplink grant transmission can be further optimized.  Instead of transmitting uplink grant in every subframe, UL grants can be bundled together for duration of UL transmission during one transmission opportunity.
Proposal 3: To support UL/DL traffic adaption, it is desirable to support flexible UL/DL frame structure.

4.  Conclusion
In this contribution, we discuss LBT design for LAA UL, and make the following observations and proposal:
Proposal 1: For UL LBT, the followings can be considered for LBT operation.
· LBT category 2 (LBT without random back-off)
· LBT category 3 & 4 (LBT with random back-off) with considerations of
· How to support multi-user scheduling (e.g., signal detection; sub-band/PRB level energy detection)
· how to making the UL LBT faster (e.g., smaller CWS; higher CCA-ED threshold; only initial CCA)
· To grant multiple UEs for the same resource can increase UL transmission opportunities.
· First or last few OFDM/SC-FDMA symbols of the DL or UL subframe can be punctured to allow UL LBT operation
Proposal 2: Allowing the eNB to perform LBT on behalf of the UE for UL transmissions under certain constraints can be considered as a complementary approach.
Proposal 3: To support UL/DL traffic adaption, it is desirable to support flexible UL/DL frame structure.
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