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1. Introduction

At the RAN1 LAA Ad-hoc meeting, extensive discussion about the LS [1] from RAN2 was initiated. Although RAN2 suggests that downlink HARQ processes are not moved to another carrier and using RLC retransmissions would be simpler from RAN2 point of view (no specification impact), many companies are fine to study further about the HARQ retransmission on another carrier than the carrier used for the initial transmission according to the RAN1 discussion [2]-[5]. 
In addition, agreements related to discontinuous transmission was made as following:

· LAA supports transmitting PDSCH/(E)PDCCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering control information

· FFS starting/ending OFDM symbols of the PDSCH/(E)PDCCH
But no conclusion has been made about how the LAA scheduling to support above partial DL subframe transmission. 
In this contribution, we present our views on cross carrier HARQ retransmission and the scheduling support for LAA DL transmission. 

2. Views on cross carrier HARQ retransmission in LAA DL
For fair coexistence with other systems, LBT is required for LAA. As a result, the transmission on unlicensed carrier is discontinuous and each transmission burst is restricted by the maximum transmission duration. This feature will have a negative impact on the HARQ retransmission in LAA such as the increased retransmission delay and inefficient buffer management if long LBT busy occurs. If this situation will occur frequently for an LAA system, totally relying on RLC retransmissions as suggested by RAN2 seems inefficient. One illustration of RLC retransmission is shown in Fig. 2-1. 
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Figure 2-1: Example of RLC retransmission
In this example, the HPN#3 decoded incorrectly needs a retransmission and a reordering timer starts at the receiver when the RLC receiver receives PDU#8. If the carrier used for HPN#3 is congested, it would be better to retransmit it on another carrier since HARQ retransmission on the same carrier would be delayed due to LBT busy. However, the data in HPN#3 cannot be retransmitted on another carrier before the RLC reordering timer expires and the RLC receiver decides that the PDU#7 is lost. Furthermore, the SDU#22 and SDU#23 are discarded because they are not completely received and only SDU#21 which is completely received is delivered to the PDCP layer. As can be seen that RLC retransmissions are much slower than MAC retransmissions, it is preferred to transmit the unsuccessful data on the appropriate carrier before RLC reordering timer expires. Some enhancements can be considered to reduce the negative impact on HARQ performance. 
Observation 1: RLC retransmissions are much slower than MAC retransmissions, the retransmission delay is increased and the HARQ soft combining gain is vanished.

Since the HARQ retransmission delay is occurred due to long LBT busy status, the eNB can give up to schedule DL data on the busy unlicensed carrier if a certain time passes after the last successful transmission. Then, two general alternatives can be considered to accomplish the retransmission on other available carrier.
Alternative 1: Transmit unsuccessful data as ‘new’ data on other available carrier.
If the eNB gives up to schedule DL data on the busy unlicensed carrier and retransmits unsuccessful data as new data on other available carrier, UEs would need to be informed of such a decision. Otherwise, UE cannot flush DL HARQ buffers for the busy carrier to be consistent with the eNB. Therefore, it seems necessary to let eNB request UE to flush the downlink HARQ buffers for the busy unlicensed carrier when the eNB decides to give up the carrier. Then, the eNB can schedule the unsuccessful data as initial transmission on other available carriers. Compared to RLC retransmission, Alternative 1 can possibly reduce the retransmission delay substantially.
Alternative 2: Transmit unsuccessful data as ‘old’ data on other available carrier.
Compared to Alternative 1, Alternative 2 maintains the soft combining gain besides the retransmission latency reduction. To support retransmission of one ‘busy’ carrier through another available carrier, current DCI needs to be enhanced to tell UE the carrier which the retransmitted HARQ process belongs to and the carrier on which the retransmission is operated.  
Proposal 1: Following two alternatives should be further studied to support cross carrier retransmission for LAA in terms of their benefits, complexity and standard impacts.

· Alternative 1: Transmit unsuccessful data as ‘new’ data on other available carrier.
· Alternative 2: Transmit unsuccessful data as ‘old’ data on other available carrier.

Observation 2: To maintain the soft combining gain for cross carrier retransmission, DCI enhancement is needed.
3. Views on control signaling for DL

According to European regulatory requirement, both FBE-based and LBE-based LBT mechanisms have been discussed in the LAA SI. In order to achieve high spectrum efficiency, the start and the end timing of data transmission need not be at subframe boundary but should be aligned with the OFDM symbol boundary. There will be two types of partial subframe as showed in Fig.3-1. First subframe of the burst based on LBE-based LBT or first subframe of the burst based on FBE-based LBT in which idle period including CCA time is located in the beginning of a subframe, could be considered as partial subframe Type A. Last subframe of the burst based on LBE-based LBT or last subframe of the burst based on FBE-based LBT in which idle period including CCA time is located in the end of a subframe, is considered as partial subframe Type B. 
In order for UE to correctly detect partial subframe transmission, the start and end position of PDSCH should be indicated. For Type A, the starting symbol location of PDSCH should be informed. The reasonable approach is to support limited starting symbol locations considering the spectrum efficiency and control signalling overhead to indicate the start position. Based on the same consideration, for Type B, the patterns of number of PDSCH symbols should also be limited. In FBE, the maximum burst transmission duration and idle period would not be dynamically changed. Hence, the number of PDSCH symbols in partial subframe would also not be dynamically changed. On the other hand, in LBE, the number of PDSCH symbols in first and last subframes of the burst would be dynamically changed according to CCA results. Therefore, for LBE, information on number of PDSCH symbols in scheduled partial subframe can be carried by PDCCH/EPDCCH
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Figure 3-1: Partial subframe types
Proposal 2: For partial subframe Type A, candidate PDSCH starting symbol location should be limited. For partial subframe Type B, patterns of number of PDSCH symbols should be limited. 
Observation 3: In LBE, information on number of PDSCH symbols in scheduled partial subframe can be carried by PDCCH/EPDCCH. 
Table 3-1: Control channel options for partial subframe
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On the other hand, control channels which carry the DL assignment and above start/end position information for partial subframe transmission should be carefully investigated. Table 3-1 shows the general comparison of different control channels for Type A or Type B subframe transmission. 
Cross-subframe scheduling could provide largest flexibility for both Type A and B partial subframe transmission, while additional information is needed in DCI to indicate self-/cross- subframe scheduling. Moreover, UE needs to larger buffer to receive data of multiple subframes. 

Considering self-subframe scheduling, both self-carrier and cross-carrier scheduling could well support Type B subframe transmission while it is hard to support Type A subframe transmission by cross-carrier scheduling. So for FBE, the idle period including CCA duration should be located at the end of subframe. For Type A subframe transmission, the scheduling by using self-carrier and self-subframe EPDCCH would be a feasible approach.

Proposal 3: In FBE, the idle period including CCA duration should be located at the end of subframe.
4.   Conclusion 

In this contribution, we have discussed the HARQ retransmission on another carrier, and made the following observations and proposal.

Observation 1: RLC retransmissions are much slower than MAC retransmissions, the retransmission delay is increased and the HARQ soft combining gain is vanished.

Proposal 1: Following two alternatives should be further studied to support cross carrier retransmission for LAA in terms of their benefits, complexity and standard impacts.

· Alternative 1: Transmit unsuccessful data as ‘new’ data on other available carrier.
· Alternative 2: Transmit unsuccessful data as ‘old’ data on other available carrier.

Observation 2: To maintain the soft combining gain for cross carrier retransmission, DCI enhancement is needed.
We have also discussed the DL control signalling to support partial subframe transmission and made the following observation and proposals.
Proposal 2: For partial subframe Type A, candidate PDSCH starting symbol location should be limited. For partial subframe Type B, patterns of number of PDSCH symbols should be limited. 
Observation 3: In LBE, information on number of PDSCH symbols in scheduled partial subframe can be carried by PDCCH/EPDCCH. 
Proposal 3: In FBE, the idle period including CCA duration should be located at the end of subframe.
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