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Discussion 
1. Introduction
Rel-13 Study item, Licensed-Assisted Access using LTE (LAA), has been approved in RAN#65 meeting [1]. The main objective of this feasibility study is to determine a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. 
Currently, in RAN1, the discussion is focused on the required functionalities on unlicensed spectrum to meet the requirements of regulatory and design targets to ensure fair coexistence with other unlicensed spectrum deployments. 
An important agreement in RAN1#79 meeting is LAA DL design should assume subframe boundary alignment across serving cells aggregated by CA [2]. The details are listed below:

Agreements:
· DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships  across serving cells aggregated by CA 
· At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel
· This does not imply the data transmission can start only at the subframe boundary
· Possible restriction on starting position of data transmission can be considered
· The duration of this signals(s) is part of the maximum transmission duration

· The content/additional function/duration of this signal is FFS

· This does not imply network synchronization

In this contribution, based on the agreements that DL LAA design should assume subframe boundary aligned across aggregated serving cells, further discussion is provided on the possible solutions to DL and UL transmission when unlicensed spectrum is aggregated by licensed spectrum in LAA. 
2. DL scheduling for LAA SCells 
It is noted unlicensed spectrum is shared among different wireless systems, e.g., multiple LAA and WiFi nodes, the reliability may be lower compared with licensed spectrum. If DL grant signalling is transmitted with PDSCH on same carrier in the unlicensed spectrum, i.e., self-scheduling, UE may miss such DL grant signalling when it suffers server interference from other LAA systems or Wi-Fi systems nearby. Generally, PDCCH on a licensed carrier is more reliable. In that sense, the carriers on unlicensed spectrum can be aggregated as SCells just for opportunistic data transmission and carriers on licensed spectrum is used to transmit control signalling and data. Hence, cross-carrier scheduling should be supported and DL grant signalling transmitted from licensed carrier is used to schedule the PDSCH transmission on SCells in unlicensed spectrum. Subframe boundary of SCells on unlicensed spectrum should be aligned with that of PCell on licensed spectrum according to the current CA framework.
Based on above analysis, we have following proposal,

Proposal 1: DL cross-carrier scheduling is supported from licensed carrier to scheduled unlicensed carrier.
3. UL scheduling for LAA SCells 

For LAA, when both UL and DL transmission are supported on unlicensed spectrum, similar to DL scheduling for LAA SCells occurs, UL grant transmitted with PUSCH on same carrier in the unlicensed spectrum may be missed when suffering server interference from other LAA systems or Wi-Fi systems nearby. 

Another issue for uplink scheduling is PHICH transmission. In current CA framework, in order to lower the burden of PCell, it has specified that PHICH is transmitted on the same carrier which UL grant is transmitted and defined the mapping relationship to derive PHICH resource dependent on PUSCH. If UL grant is transmitted on the unlicensed carrier, then corresponding PHICH needs to be transmitted on the same carrier. It may result in two problems. One is the unlicensed carrier may be not available 8ms later considered from the subframe UL grant is transmitted. Another problem is on unlicensed carrier the subframe 8ms later than UL grant may be not a downlink subframe. Therefore, the timing from PUSCH to PHICH can not be guaranteed on unlicensed spectrum.
Considering that, cross-carrier scheduling should be supported for LAA and UL grant signalling transmitted from licensed carrier is used to schedule the PUSCH transmission on SCells in unlicensed spectrum. To comply with the existing CA framework, PHICH is always transmitted on the same carrier which UL grant is transmitted.
Based on above analysis, we have following proposals,

Proposal 2: UL cross-carrier scheduling is supported from licensed carrier to scheduled unlicensed carrier.

Proposal 3: Existing CA framework PHICH is always transmitted on the same carrier with UL grant should be kept.

4. UCI transmission for LAA SCells 

For the carriers on unlicensed spectrum, corresponding UCI (including HARQ-ACK and CSI) transmission should be supported. In order to guarantee the DL HARQ timing for PDSCH transmitted on unlicensed spectrum and high reliability of HARQ-ACK transmission, the corresponding HARQ-ACK should be transmitted on PCell PUCCH. Then existing CA framework PUCCH is transmitted only on PCell can be reused. 

Considering another Rel-13 WI, CA enhancement beyond five carriers will define dual-PUCCH for CA. That means another PUCCH can also be transmitted on one SCell. It is helpful to balance the overhead of PCell. From the perspective of reliability, this SCell used for PUCCH transmission should be operated on licensed spectrum.

Based on above analysis, we have following proposal,

Proposal 4: PUCCH corresponding to unlicensed carriers is transmitted on the carrier in licensed spectrum.
5. Continuation of unfinished HARQ process
In LAA, based on the principle of interference avoidance and spectrum fair sharing, listen-before-talk (LBT) feature is mandatory for unlicensed spectrum usage in some countries/regions, e.g., Europe and Japan [3]. For LBT, before a transmission or a burst of transmissions on operating channel, the equipment shall perform a CCA (clear channel assessment) check by energy detection. If the energy level in the channel exceeds the predefined threshold, the operating channel is considered occupied; otherwise, it may transmit data immediately (LBE mechanism) or in the following frame period (FBE mechanism). In FBE, the channel occupation time is within the range of 1ms to 10ms in EU and of 1ms to 4ms in Japan, followed by idle period with the length of at least 5% of channel occupation time. In LBE, the maximum channel occupation time can be 13ms. Both FBE and LBE need to perform CCA at the end of idle period after each data transmission. Therefore, discontinuous transmission for LAA is a basic characteristic due to the availability of transmission opportunity on unlicensed band cannot be guaranteed.
Consequently, the introduction of LBT mechanism may have an impact on the HARQ performance of LAA. It results in ongoing HARQ processes may be interrupted due to the requirement of idle period or unavailability of operating channel after CCA check. Especially, when the unlicensed spectrums are heavily loaded, the HARQ interruption may happen frequently and retransmission may be delayed with a long time. One example is shown in Figure 1. Then UPT may get worse if ongoing HARQ processes are suspended for a long time. Provided that eNB reschedules the transmissions for those suspended packets on other licensed carriers, the system performance has a degradation. To solve above-mentioned issues, current HARQ mechanism needs to be enhanced, e.g., support those unfinished HARQ processes of unlicensed carriers can be continued on the available carriers.
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Figure 1: Discontinued transmission on SCell on unlicensed band

Based on above analysis, we have following proposal,

Proposal 5: HARQ enhancement is needed to support those unfinished processes of unlicensed SCells can be continued in other available carriers.
6. Flexible UL/DL allocation on unlicensed carriers

In LAA, if both UL and DL transmission can be supported in unlicensed spectrum, traffic adaptation between UL and DL can be considered like Rel-12 eIMTA to improve throughput gain. It has been observed in Rel-12 TDD eIMTA SI, significant performance gain can be obtained in case of low load in Pico or Femto scenarios. Based on the learnings from eIMTA, it makes sense to support dynamic traffic adaptation also in LTE LAA SCell containing both UL and DL. 
Based on above analysis, we have following proposal,

Proposal 6: Support flexible UL/DL allocation on unlicensed carrier.
7. Conclusions
In this contribution, based on the agreements that DL LAA design should assume subframe boundary aligned across aggregated serving cells, further discussion is provided on the possible solutions to DL and UL transmission for LAA. Based on above analysis, we have following proposals:
Proposal 1: DL cross-carrier scheduling is supported from licensed carrier to scheduled unlicensed carrier.

Proposal 2: UL cross-carrier scheduling is supported from licensed carrier to scheduled unlicensed carrier.

Proposal 3: Existing CA framework PHICH is always transmitted on the same carrier with UL grant should be kept.

Proposal 4: PUCCH corresponding to unlicensed carriers is transmitted on the carrier in licensed spectrum.
Proposal 5: HARQ enhancement is needed to support those unfinished processes of unlicensed SCells can be continued in other available carriers.
Proposal 6: Support flexible UL/DL allocation on unlicensed carrier.
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