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1 Introduction
Multi-carrier scheduling/joint grant was proposed by several companies [1]

 REF _Ref419468489 \n \h 
[2]. In this contribution, we share our considerations on multi-cc scheduling.
2 Discussion
Joint grant/multi-cc scheduling was discussed ever since carrier aggregation was introduced in Rel-10 [3]. Instead of sending scheduling information independently for each component carrier, this method proposes to pack all scheduling information together for all the scheduled carriers or a group of scheduled carriers and send to the UE using one resource grant. The obvious benefit of this scheduling method is that this may simplify control signaling processing for the UE. At the same time, the number of blind decodes can be reduced along with the reduced false alarm probability. 
Before discussing the design details, it is worthwhile to discuss the necessity and application scenarios for joint grant/multi-cc scheduling. As discussed in [4], one important use case for CA beyond 5 carriers is to provide even higher data rate. This use case aims at removing the limitation on the maximum number of CCs, and realizing the continuous expansion of user throughput/experience by CA. To ensure compatible operation, it is desirable to reuse the existing design principles as much as possible. In particular, the co-existence of non-CA UEs, Rel-12 CA UEs and Rel-13 CA UEs needs to be considered hence it may not be desirable to have different scheduling operations, e.g. different resource allocation granularity. Moreover, this can also be generalized to all carriers in licensed spectrum due to the fact that the number of carriers in licensed spectrum is not large, e.g. 6~10 as discussed in [4]. Hence there is no critical requirement of reducing the control signaling overhead and number of blind decoding attempts. 
On the other hand, another important use case for CA beyond 5 carriers is that there are a lot of carriers in unlicensed spectrum the UE can aggregate. For this use case, there is no co-existence concern with legacy UEs. Therefore it may be beneficial to have a new scheduling operation. However, the transmission on carriers in unlicensed spectrum is essentially based on contention based scheme hence the scheduling operation should be considered together with the LBT procedure which is studied in LAA. 
Observation 1: Multi-cc scheduling/joint grant may not be justified for carriers in licensed spectrum considering the limited number of carriers in licensed spectrum and the co-existence with legacy UEs.
Observation 2: Multi-cc scheduling/joint grant may be beneficial for carriers in unlicensed spectrum which need to be studied together with the LBT procedure.
In the following, we discussed the potential challenges of multi-cc scheduling for the carriers in unlicensed spectrum. As the multi-cc scheduling/joint grant essentially provide cross-carrier scheduling from one carrier. Therefore, the challenges from cross-carrier scheduling for the carriers in unlicensed spectrum also applies here. As discussed in [5], two cases need to be studied: the first case is the scheduling grant is sent from a carrier in licensed spectrum and the second case the scheduling grant is sent from an carrier unlicensed spectrum. The fundamental challenges for the two cases are similar hence we focus on the first case in the following. For this case, there are two different operational modes: PDCCH is used to schedule the carriers in unlicensed spectrum and EPDCCH is used to schedule the carriers in unlicensed spectrum. 
Assuming that the PDCCH is used, there will be a potential issue in the first subframe of the transmission duration. The reason is that the eNB would need to transmit the PDCCH either before or at the same time as the PDSCH starts to be transmitted towards the UE. Since LBT needs to be done on LAA SCell in the beginning of the first subframe of the transmission duration, it is uncertain if PDSCH will be transmitted on LAA SCell when PDCCH is transmitted on PCell as shown in Figure 1. The PDCCH can therefore not indicate whether or not the PDSCH is actually transmitted to the UE. The UE would therefore need to blindly detect the presence of the PDSCH on the LAA SCell based on detecting some form of signal on the LAA SCell. 

· A potential option to support this would be that the UE should detect the presence of the initial signal; this would however require that the duration of the initial signal is long enough to allow a reliable detection at the UE side. 

· Another alternative is that some signal is embedded in the beginning of the first PDSCH. The UE could potentially use reference signals that are part of the subframe such as the CRS to detect the presence of the burst, but the reliability of this needs further study to ensure soft buffer is not corrupted.

These two approaches have a common issue with the case where the UE’s ON duration of the DRX procedure are not aligned with transmission duration and hence would not be preferred from this perspective. Detecting the PDSCH blindly would also require some further study if this is feasible particularly considering a low false alarm rate is required to avoid corrupting the soft buffer. 
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Figure 1: DL-only LAA cross-carrier scheduling based on PDCCH (left) and EPDCCH (right)
If the scheduling grant is sent using EPDCCH, it may be possible to avoid the case that EPDCCH is needed to be provided before or at the same time as the corresponding PDSCH. This is achieved by configuring the EPDCCH to start later in the subframe than the PDSCH would start on the LAA SCell. This needs however to be studied more, specifically to understand the corresponding eNB complexity better. 

Proposal: Further study is needed on how to support multi-cc scheduling for the carriers in unlicensed spectrum considering the interaction with the LBT procedure.

3 Conclusions

In this contribution, we discussed some remaining issues related to the DL control signalling enhancements. Based on the discussion, we have the following observations and proposal:
Observation 1: Multi-cc scheduling/joint grant may not be justified for carriers in licensed spectrum considering the limited number of carriers in licensed spectrum and the co-existence with legacy UEs.
Observation 2: Multi-cc scheduling/joint grant may be beneficial for carriers in unlicensed spectrum which need to be studied together with the LBT procedure.
Proposal: Further study is needed on how to support multi-cc scheduling for the carriers in unlicensed spectrum considering the interaction with the LBT procedure.
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