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1. Introduction

 At the RAN1#80 meeting, substantial discussion about frame structure, LBT mechanism and discontinuous transmission for LAA DL without UL were made. However, there was not enough time to discuss about the DL+UL transmission options for LAA. In this contribution, we discuss the physical layer options to support DL+UL transmission for LAA and the issues related to the uplink transmission 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 operation. 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
Similar to LAA DL, Listen-before-talk (LBT) is also required for uplink transmissions in unlicensed spectrum. The issues on uplink transmission in unlicensed spectrum caused by LBT are discussed as follows.

UL HARQ Procedure

In LTE, an uplink transmission is a synchronous procedure. There are pre-defined timing for UL grant, initial PUSCH transmission, PHICH feedback and PUSCH retransmission. For example, after receiving UL grant at subframe n, UE should transmit PUSCH at subframe n+4 for FDD or at subframe n+k for TDD, where k is given in Table 8-2 of [1]. However, uplink LBT may cause UL DTX, although the UL grant is 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. Another example is about PHICH feedback. In LTE, UL HARQ-ACK is sent on the carrier where the UL grant is transmitted. If a self-carrier scheduling is used in unlicensed spectrum, the PHICH may not be sent due to LBT busy at eNB, which further affects the next opportunity of UL retransmission. In this case, a cross-carrier scheduling from a licensed band may be promising. However, the uplink retransmission may still be delayed due to UL LBT busy. 

In short, due to LBT, the synchronous uplink HARQ operation cannot be maintained any more. More flexible scheduling mechanisms such as asynchronous uplink HARQ operation and across carrier (re)transmission should be considered for LAA UL.
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Figure 3-1. Sync HARQ is disrupted due to busy channel
Observation 2: Synchronous UL HARQ operation in LAA will be disrupted by LBT, more flexible scheduling mechanism should be considered. 
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 [2]. 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.
Through above analysis, it can be seen that due to LBT busy, UE cannot transmit PUSCH or PRACH according to the received grant. In the current LTE, this case happens only because UE does not detect the PDCCH, implying the communication quality is poor. Correspondingly, eNB will resend the PDCCH with the increased coding gain. However, in LAA this link adaptation is not required. The adaptive control should be performed to handle the UL DTX caused by LBT busy. Therefore it is necessary to consider related solutions to avoid this misunderstanding for eNB.
Observation 3: To acquire uplink timing of unlicensed spectrum, PRACH transmission maybe required for non-co-located CA scenario. 

Observation 4: LBT busy will delay the completion of the random access.

Observation 5: 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.

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 [3] regarding RRM measurement can be considered. 
Observation 6: When the channel is confirmed as idle and the PUSCH transmission is granted, SRS can be transmitted together with PUSCH without additional LBT.
Observation 7: 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:

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: Synchronous UL HARQ operation in LAA will be disrupted by LBT, more flexible scheduling mechanism should be considered.
Observation 3: To acquire uplink timing of unlicensed spectrum, PRACH transmission maybe required for non-co-located CA scenario. 

Observation 4: LBT busy will delay the completion of the random access.

Observation 5: 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.
Observation 6: When the channel is confirmed as idle and the PUSCH transmission is granted, SRS can be transmitted together with PUSCH without additional LBT.

Observation 7: 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.
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