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1. Introduction
In the LAA adhoc meeting in Paris, control signaling aspects for LAA were discussed with the following agreement on uplink HARQ:
Agreements:

· Recommend to support asynchronous UL HARQ for UL LAA operation
· Capture the above agreement in TR – Rapporteur (Ericsson and Huawei)

In addition, several way forward documents were presented (with no agreement) on scheduling and HARQ timing aspects, see e.g. [1]

 REF _Ref416354426 \r \h 
[2].
In this contribution we provide some views on the control signaling aspects of LAA.
2. Control signaling for LAA
One aspect of control signaling for LAA is the physical channel used for signaling DCIs to the UEs for LAA purposes, e.g. PDCCH or EPDCCH. Furthermore, currently LTE supports self-scheduling as well as cross-carrier scheduling, and it needs to be discussed which of these are supported for LAA scheduling purposes. Finally, there are aspects related to DL HARQ which will need consideration. These are discussed in sections 2.1, 2.2 and 2.3, respectively.
Physical control channel

Legacy LTE systems rely heavily on the use of PDCCH for DCI transmission while EPDCCH is an optional feature. As a baseline option for LAA, it would be natural to keep this principle, i.e. that either PDCCH or EPDCCH can be used for LAA depending on the network implementation and on the UE capabilities, to avoid introducing any additional dependencies between the features by e.g. requiring EPDCCH support from LAA devices.

However, it can and needs to be obviously discussed further whether one of the channels is not suitable for LAA. One potential issue related to PDCCH that needs to be further studied is the transmit power fluctuation between different OFDM symbols. The control region may be rather lightly loaded due to a small number of scheduled UEs per subframe (though this depends also on how tightly the CFI is set), while the PDSCH region may be fully loaded. In addition, power control may be used on PDCCH. This results in power fluctuations between the OFDM symbols within a subframe, which may then disrupt the LBT procedure as other devices might sense the channel free during the PDCCH symbols while during the PDSCH symbols the LAA eNB would cause interference. It is noted that EPDCCH has a similar issue due to DMRS symbols, even though to a much lesser extent. Furthermore for instance CRS may cause similar power fluctuations, so the issue is not exactly specific to PDCCH, rather the impact of power fluctuations within the LAA transmissions on the LBT procedure should be more generally studied.

Another aspect related to the choice of physical control channel is the flexibility to support different transmission start positions. In principle, PDCCH could be started from almost any symbol without significant specification changes. EPDCCH on the other hand might not be as flexible. Thus one aspect to be considered is the set of OFDM symbols where the data/control transmission is allowed to be started. It should be noted that cross-carrier scheduling (discussed more in the next section) is one aspect to be considered: Even if the transmission start position and the PDCCH start position is allowed to be more flexible on the LAA SCell, the position of PDCCH can not be changed on the licensed carrier. Thus cross-carrier scheduling can not be used for the first (partial) subframe with PDCCH. EPDCCH on the other hand has some limited flexibility in this respect, if the transmission of EPDCCH is always started from e.g. the fourth OFDM symbol.
Proposal 1:

· As a baseline, both PDCCH and EPDCCH should be supported for LAA, with EPDCCH as an optional UE capability as currently.
· Study further whether there are limitations in supporting either of the channels in case of LAA.

Scheduling aspects

Until Release 12, both self-scheduling and cross-carrier scheduling have been supported for carrier aggregation, even though with certain limitations in case the scheduling cell is a TDD cell. For LAA SCells, whether both self-scheduling and cross-carrier scheduling or only one of them is supported needs to be considered.

The original purpose of cross-carrier scheduling was to provide interference coordination capabilities to the control channel. This use case is not really applicable in case of LAA. It could be argued that a licensed carrier provides a more reliable and robust environment for transmitting the crucial control information than an unlicensed carrier. However, this argument for utilizing cross-carrier scheduling may not really hold either as the control and data channels have been, from the start, designed to be roughly in balance such that it can be expected that if the control channel transmissions are not received successfully on the LAA SCell, the data is not received well either. On the other hand, LBT should take care of the worst interference scenarios. Thus from this perspective we do not see a big need for cross-carrier scheduling.
Cross-carrier scheduling also has some generic problems which hold for LAA as well: First, especially if the number of LAA SCells is large, the control channel on the scheduling cell could become heavily congested. This would be especially problematic if the scheduling cell is a large macro cell, acting as the PCell for a large number of UEs. Second, if the scheduling cell is TDD, not all subframes in the LAA SCell would even be schedulable, leading to rather large losses compared to self-scheduling and to difficult problems with LBT as only a subset of the subframes within the obtained transmission opportunity might be schedulable.
However, cross-carrier scheduling could have an advantage in LAA uplink scheduling: We consider that LAA needs to support at least a mode where the UE does the sensing before transmitting in uplink (as opposed to the eNB doing the sensing on behalf of the UE). In such case, before a PUSCH transmission can commence at the UE side, CCA checks need to succeed twice with self-scheduling – first at the eNB side to transmit the UL grant and then at the UE side. Obviously this procedure may lead to a very low probability of being able to transmit in uplink. If the UL grant is scheduled using cross-carrier scheduling on a licensed carrier, one CCA check is avoided. Since cross-carrier scheduling increases congestion on the control channel, it could be beneficial to decouple UL and DL scheduling such that only uplink grants could be cross-carrier scheduled, while DL grants would still be self-scheduled as proposed in [1]. This would seem to increase the number of blind decoding attempts because DCI formats 0 and 1A are currently checked with a single blind decoding attempt. However this does not have to be the case, for instance it will need to be discussed whether the fallback DCI format 1A is even needed for LAA SCells. There are also other ways to keep the number of blind decoding attempts fixed.
Observations:
· In general, there is no strong need for cross-carrier scheduling in LAA.
· Rather it may cause additional problems in terms of control channel overload.
· However, uplink scheduling could benefit from cross-carrier scheduling as a separate CCA check for UL grant transmission is then not required at the eNB side.

Based on this discussion we feel that at least self-scheduling needs to be supported for both DL and UL. Cross-carrier scheduling has benefits in terms of uplink scheduling, while the use cases are less clear for downlink scheduling. However it may be that the specification impact of supporting also downlink cross-carrier scheduling is very small to none. If so, also DL cross-carrier scheduling can be of course supported, but otherwise we do not see big motivations to define additional specification support for purposes of DL cross-carrier scheduling.

Proposal 2:
· Support at least self-scheduling for LAA, and cross-carrier scheduling at least for LAA uplink.
· If there is limited additional specification impact, also downlink cross-carrier scheduling can be supported.
DL HARQ aspects

The support of cross-carrier HARQ has been extensively discussed during the LAA adhoc meeting as well as after it in an e-mail discussion. RAN2 has already made the following agreement:

Based on the additional complexity, RAN2 suggests that Downlink HARQ processes are not moved to another carrier. Using e.g. RLC retransmissions would be simpler from RAN2 point of view (no specification impact).
This conclusion was then extensively discussed during the LAA adhoc meeting and as a result, a draft reply LS is agreed, and it seems acknowledged that further analysis of cross-carrier HARQ is needed regarding its performance and complexity.
Also from a RAN1 point of view, one aspect of cross-carrier HARQ is complexity. From a L1 signaling perspective, cross-carrier HARQ will require an additional indication of the serving cell to which the retransmitted PDSCH belongs, effectively corresponding to an increase in the HARQ process indexing space. Furthermore, the PCell PDSCH transmissions need to be taken into account. Basically, cross-carrier HARQ would mean new functionality also in that there could be multiple PDSCHs (corresponding to multiple serving cells) transmitted within a single subframe. Thus, there could be for instance a mix of different transmission modes within one subframe which could lead to difficulties for instance in terms of CSI for supporting the retransmissions. Furthermore, the two serving cells could have a different number of transmit antennas, in which case it may happen for example that a retransmission should be transmitted with a rank that is not even supported by the serving cell that is providing the retransmission. Finally, PDCCH blind decoding is one aspect that would need to be considered as the downlink control information could be transmitted on a different carrier for retransmissions than for the original transmissions. The implications of such aspects should be properly understood before deciding on cross-carrier HARQ.

Performance-wise, cross-carrier HARQ may have issues as well. A typical case for LAA is that the LAA SCell has a large bandwidth, e.g. 20 MHz, while the PCell is on a licensed carrier and has a much smaller bandwidth, e.g. 10 MHz. Furthermore, the PCell could be a large macro cell scheduling multiple UEs within a single subframe. This would mean that the number of PRBs allocated for a retransmission may be rather small. As a result, the additional redundancy obtained from retransmissions on a PCell corresponding to initial transmissions of large TBs on a large bandwidth SCell may be small, thus leading to only limited performance gain. Of course, there could be other scenarios that are more favorable for cross-carrier HARQ, e.g. a small cell with a large bandwidth as PCell on a licensed carrier.
Proposal 3:

· For cross-carrier HARQ, in addition to performance, consider L1 specification complexity at least in terms of

· DCI signaling and PDCCH blind decoding.
· Support of multiple PDSCHs potentially with different transmission modes within one subframe.
Another aspect related to DL HARQ is the timing of the ACK/NACK transmissions in uplink. In [3] we have proposed a flexible UL-DL configuration for LAA SCells such that even if both downlink and uplink are supported on the LAA SCell, any subframe could be a downlink subframe. As such it is natural to specify the DL HARQ timing using the existing rules for FDD SCells, i.e. the FDD-FDD CA and TDD-FDD CA HARQ timing rules. Of course, if a fixed UL-DL configuration would be adopted instead, for instance following the current frame structure type 2, the rules could be based on TDD SCell HARQ timing rules.
Proposal 4:

· The LAA SCell is treated as an FDD SCell for the purpose of determining DL HARQ timing, based on existing FDD-FDD and TDD-FDD carrier aggregation specification.

3. Conclusion 
In this contribution we have discussed some aspects of LAA control signaling. Our proposals are listed as follows:
Proposal 1:

· As a baseline, both PDCCH and EPDCCH should be supported for LAA, with EPDCCH as an optional capability as currently.

· Study further whether there are limitations to supporting either of the channels in case of LAA.

Proposal 2:

· Support at least self-scheduling for LAA, and cross-carrier scheduling at least for LAA uplink.

· If there is limited additional specification impact, also downlink cross-carrier scheduling can be supported.

Proposal 3:

· For cross-carrier HARQ, in addition to performance, consider L1 specification complexity at least in terms of

· DCI signaling and PDCCH blind decoding.
· Support of multiple PDSCHs potentially with different transmission modes within one subframe.
Proposal 4:

· The LAA SCell is treated as an FDD SCell for the purpose of determining DL HARQ timing, based on existing FDD-FDD and TDD-FDD carrier aggregation specification.
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