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1. Introduction

At the RAN1 LAA Ad-hoc meeting, substantial progress has been made for discontinuous transmission, RRM measurement and DRS transmission. Regarding to DL+UL transmission for LAA, several issues such as frame structure for DL+UL transmissions, UL HARQ and UL multiplexing were discussed and agreed as below [1]: 

 Agreements:
For UL HARQ

· Recommend to support asynchronous UL HARQ for UL LAA operation

· Rapporteur shall capture the above agreement in TR

For UL multiplexing

· Target the support of UL multiplexing of multiple UEs in one subframe by

· Multiplexing in frequency domain

· The supported resource assignment (e.g. number and location of allocated RBs) is FFS

· Multiplexing by MU-MIMO

In this contribution, we discuss DL/UL subframe configuration in DL+UL option for LAA and the issues related to UL transmission such as UL LBT, scheduling for UL transmission, asynchronous uplink HARQ operation and other uplink transmissions in unlicensed spectrum.
2. Discussion on DL/UL Subframe Configuration in LAA

In the DL+UL option of LAA, there are two possible approaches for DL/UL subframe utilization assuming that the DL+UL option is realized by TDD manner. As shown in Fig. 2-1 (a), the simple approach would be to apply existing TDD DL/UL subframe configuration to unlicensed carriers. According to the ratio between DL and UL traffic, DL/UL subframe configuration can be changed for each radio frame based on eIMTA mechanism. However, since available resources for each link are limited, this approach may not achieve an efficient transmission under a maximum burst length limitation which is specified in regional regulatory requirements. For example, since six DL subframes are continuous in Fig. 2-1 (a), a transmission with 4 ms length is possible only once within one block of continuous DL subframes. Although resources other than 4 ms transmission within the block can also be used for transmission, it seems inefficient since the overhead due to LBT is relatively large in such transmission.
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Figure 2-1. Possible approaches for DL/UL subframe utilization in LAA
Another possible approach for DL/UL subframe utilization in LAA would be to allow flexible DL/UL subframe utilization as shown in Fig. 2-1 (b). In this approach, UE performs UL LBT and corresponding UL transmission according to UL grant from eNB. Unless receiving the UL grant at the pre-defined timing, e.g., before 4 ms, UE considers the subframe as DL subframe. Therefore, all resources can be flexibly utilized for DL/UL according to the eNB decision, possibly except for periodic DL dedicated subframes for RRM measurement. Different from the above first approach, a transmission with maximum burst length, e.g., 4 ms, would be always possible at least for DL, and hence this second approach would be more efficient than the first approach. Although it is a new approach and may cause more specification impacts, this approach may fit into LAA. In LAA, since the unlicensed carriers shall be used as SCell, pre-reserved resources for UL, i.e., fixed UL subframe, on unlicensed carriers may not be necessary. 
Observation 1: Flexible DL/UL subframe utilization can be considered for DL+UL option of LAA to achieve efficient transmission under the limitation of maximum transmission duration. 
3. Potential Issues Related to Uplink Transmission in Unlicensed Spectrum
Who performs UL LBT
In the same manner with LAA DL, LBT would be required for LAA UL to meet the regulatory requirements and to achieve the fair coexistence with other systems in unlicensed spectrum. If we consider LAA UL with LBT, the first issue is which entity performs LBT for uplink transmission, i.e., eNB or UE. These two options are shown in Fig. 2-2.
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Figure 2-2. LBT options for UL transmission in LAA
In option 1, UE itself performs LBT for UL transmission after receiving UL grant from eNB. If the channel is idle, UE can transmit data as ordered by eNB. This way is in line with the regulatory requirements in most regions, and the sensing result is always reliable from UE point for view. However, this option may results in UL DTX if the channel is not available due to sensing result, although the UL grant would be correctly detected. In this case, eNB may perform link adaptation aiming to increase the coding gain of the UL grant, though this remedy is not necessary.
In option 2, eNB performs LBT for UL transmission. If the channel is idle, eNB sends UL grant to schedule UL transmission and UE just follows UL grant without performing LBT. Since uplink transmission is scheduled by eNB in LTE, it seems natural that eNB makes decision on UL transmission from LTE point of view. However, the delay between the LBT and the UL transmission is not preferable, since the burst length includes the duration of its delay, although the delay duration is not actually used for UL transmission. In addition, the sensing result at the eNB side would not be aligned with actual interference situation at UE side, and hence the LBT at the eNB side may cause severe interference to the surroundings of the UE transmitting the uplink.

Based on the above discussion, we propose the following:

Proposal 1: Considering the regulatory requirements, possible delay between UL grant transmission at eNB and actual UL transmission at UE, and reliability of sensing results, UE should perform LBT for UL transmission.
Proposal 2: UL DTX caused by LBT busy results in the unnecessary link adaptation at eNB side.
· It is necessary to consider related solutions to avoid the misunderstanding.
FBE or LBE based UL LBT
Many contributions have analyzed the pros and cons of FBE and LBE based LBT for downlink transmission. However, for UL transmissions, additional aspects related to the selection between FBE and LBE based LBT need to be considered.

With FBE, UEs received UL grant within the same cell would perform LBT simultaneously at fixed time. If idle period designed properly, e.g. idle period including CCA duration is located at the end of a subframe before the UL subframe, the UL transmission can always starts at the subframe boundary and the detection complexity at eNB side is also reduced. Furthermore, it is easy to achieve multiplexing of multiple users in frequency domain at the same UL subframe. However, the contention capability for channel access is low. Once the LBT fails, the UE has to wait until the next LBT timing or the next UL grant. For LBE, the scheduled UEs in the same UL subframe would start LBT at different time. As a result, the transmission of one UE with smaller back off counter would block the transmission of another UE. Even the same LBT time and the same back off counter are configured to multiple UEs, the data transmission starting positions may still be different due to the different sensing results. Therefore the main drawback of LBE-based LBT is that it would be difficult to realize multi-user multiplexing in the frequency domain. Furthermore, similar to LBE for DL, initial signal from the UE may also be needed to hold the channel to align the PUSCH transmission at subframe boundary or partial PUSCH transmission is allowed to use the resource efficiently. Therefore, LBE based LBT for UL has more specification impact and requires more enhancements. 

Observation 2: If UL LBT is based on FBE, enhancements to increase the channel access probability need to be considered. If UL LBT is based on LBE, enhancements to achieve multiplexing of multiple users in frequency domain need to be further studied.
Scheduling for UL transmission

One WF [2] on LAA scheduling support was discussed at the RAN1 LAA Ad-hoc meeting. However, no conclusion was made on the WF. Here, we will present our views on the LAA scheduling for UL transmissions.

Unlike DL transmissions that the (E)PDCCH are always transmitted along with PDSCH, there is a decoupling between the UL grant and PUSCH transmission, e.g. 4ms delay for the PDCCH and UL data transmission. Since the eNB cannot speculate whether the LBT performed by UE succeeds or not, there always exists the waste of resource on (E)PDCCH for the failed LBT no matter cross-carrier or self-carrier scheduling is applied. Therefore, basically both cross-carrier and self-carrier scheduling can be supported for UL transmission. However, there are some issues related to the cross-carrier scheduling. If a large number of unlicensed carriers are scheduled by a single licensed carrier, the (E)PDCCH of the scheduling cell will be overloaded. Besides, if the scheduling cell is a TDD cell, some DL and UL subframes on the unlicensed carrier cannot be scheduled. Therefore, it may be beneficial to introduce the multi-subframe or cross- subframe scheduling mechanism. It is notable that the WI for CA enhancement for supporting 32 carriers is purely relevant to LAA. We can also share our views on the CA enhancement WI. On the other hand, the issues related to the self-carrier scheduling are discussed in the next part.
Observation 3: Both self-carrier scheduling and cross-carrier scheduling can be supported for LAA UL transmissions.

Observation 4: It may be beneficial to introduce the multi-subframe or cross-subframe scheduling mechanism.
Asynchronous UL HARQ Operation
Since the current synchronous UL HARQ applied in LTE is not suitable for LAA any more due to LBT, it is recommended to support asynchronous UL HARQ for UL LAA operation in LAA Ad-hoc meeting. To support asynchronous HARQ operation in LAA UL, the HARQ process number (HPN) field would need to be included in the UL scheduling DCI. Combined with NDI, the eNB can indicate the new transmission or retransmission for the corresponding HARQ process. Furthermore, to support the complete flexible UL scheduling, the Redundancy version (RV) may also be required in the UL grant similar to the DL scheduling. 
If the UL transmission on unlicensed carrier is self-carrier scheduled or scheduled by other unlicensed carrier, the timing between UL transmissions and the PHICH/UL grant cannot be fixed due to LBT for DL. Then, the enhanced UL grant can be used to realize the asynchronous UL HARQ. For example, if the UE receives an UL grant with toggled NDI for a HARQ process, the UE shall perform CCA to transmit a new data at/during the intended time according to FBE or LBE. Based on HPN and RV information in the enhanced UL grant, the UE can perform a retransmission for the HARQ process. In case the UE does not receive anything from the network, the UE should suspend the HARQ process, and should wait the UL grant. Through above analysis, it can be seen that the PHICH may not be necessary on unlicensed carriers. On the other hand, if the UL transmission on unlicensed carrier is scheduled by licensed carrier, the timing between UL transmissions and the PHICH/UL grant in licensed downlink can still be fixed. In this case, PHICH can be reserved since it is transmitted in licensed carrier, not suffering from the results of LBT. 

Observation 5: To support the asynchronous UL HARQ operation in LAA, the HARQ process number and possible Redundancy version field need to be included in the UL DCI formats.
Uplink timing of unlicensed band 

In LTE, random access procedure is used for acquisition of uplink timing. In LAA, uplink timing is still needed before PUSCH transmission. Currently there are four LAA deployment scenarios agreed in [3]. For scenario 2, 3 and 4 where unlicensed band is co-located with the licensed band, the uplink timing of unlicensed band can be acquired from that of licensed band. On the other hand, for scenario 1, where unlicensed small cell is non-co-located with licensed macro cell, PRACH on unlicensed band may be necessary. 
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Figure 3-2. Unlicensed band is co-located (left) and non-co-located (right) with licensed band 
In LTE, the random access on SCell is only triggered by the PDCCH order. If it is triggered, the UE shall transmit the preamble on the assigned PRACH resources of SCell at the pre-determined timing. Therefore, if the random access is supported on unlicensed band, similar to the other UL transmissions on unlicensed band, its transmission may not be available due to LBT busy at the UE. Consequently, the random access completion will be delayed. Such unnecessary delay of uplink timing acquisition and/or increased number of trials for the random access procedure would not be preferable.
Observation 6: To acquire uplink timing of unlicensed spectrum, PRACH transmission maybe required for non-co-located CA scenario. 

Observation 7: LBT busy will delay the completion of the random access.
Sounding procedure

In LTE, sounding RS (SRS) is periodically and/or a-periodically transmitted so that the eNB can monitor the UL channel quality over the bandwidth. If SRS is not allowed as Short Control Signaling (SCS), for periodic SRS, its transmission would suffer from the results of LBT. While for aperiodic SRS triggered by PDCCH, once the channel is confirmed clear and the PUSCH is transmitted, it can also be transmitted without additional LBT. On the other hand, if SRS is allowed as SCS considering it only occupies one OFDM symbol, SRS can always be transmitted regardless of the channel status. However, the estimation result is likely to be inaccurate since the interference level is very different between the idle channel and busy channel. Similar handling as analysis in our companion contribution [4] regarding RRM measurement can be considered. 
Observation 8: When the channel is confirmed as idle and the PUSCH transmission is granted, SRS can be transmitted together with PUSCH without additional LBT.
Observation 9: If SRS is transmitted without LBT according to the Short Control Signaling rule, a solution to avoid inaccurate measurement at eNB due to diverse channel condition would be necessary.
4. Conclusion 

In this contribution, we discussed the issues related to DL+UL option for LAA, including DL/UL subframe configuration and issues related to the UL transmission in unlicensed spectrum. Based on the above discussion, we had following observations and proposals:

Observation 1: Flexible DL/UL subframe utilization can be considered for DL+UL option of LAA to achieve efficient transmission under the limitation of maximum transmission duration. 
Observation 2: If UL LBT is based on FBE, enhancements to increase the channel access probability need to be considered. If UL LBT is based on LBE, enhancements to achieve multiplexing of multiple users in frequency domain need to be further studied.
Observation 3: Both self-carrier scheduling and cross-carrier scheduling can be supported for LAA UL transmissions.

Observation 4: It may be beneficial to introduce the multi-subframe or cross-subframe scheduling mechanism.
Observation 5: To support the asynchronous UL HARQ operation in LAA, the HARQ process number and possible Redundancy version field need to be included in the UL DCI formats.
Observation 6: To acquire uplink timing of unlicensed spectrum, PRACH transmission maybe required for non-co-located CA scenario. 

Observation 7: LBT busy will delay the completion of the random access.

Observation 8: When the channel is confirmed as idle and the PUSCH transmission is granted, SRS can be transmitted together with PUSCH without additional LBT.

Observation 9: If SRS is transmitted without LBT according to the Short Control Signaling rule, a solution to avoid inaccurate measurement at eNB due to diverse channel condition would be necessary.
Proposal 1: Considering the regulatory requirements, possible delay between UL grant transmission at eNB and actual UL transmission at UE, and reliability of sensing results, UE should perform LBT for UL transmission.
Proposal 2: UL DTX caused by LBT busy results in the unnecessary link adaptation at eNB side.
· It is necessary to consider related solutions to avoid the misunderstanding.
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