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1. Introduction

In later phase of NR (New RAT) system design [1], it may need to consider support of carrier aggregation (CA) between multiple NR cells for a UE in order to achieve higher data rate as well as for more efficient utilization of wide NR spectrum. In this contribution, we address some consideration points for supporting CA operation between NR cells in terms of DL control information (DCI) signalling and UL control information (UCI) signalling.
2. Discussion

In current CA operation with LTE system, PUCCH conveying the UCIs (e.g. HARQ-ACK, periodic CSI, SR) on any of configured cells for a UE is transmitted only in Pcell, in order for reliable feedback of the UCIs. Even in the case configured with Rel-12 Dual connectivity or Rel-13 PUCCH on Scell, PUCCH conveying the UCIs on a cell group (CG) is transmitted only via one particular cell (denoted as anchor cell) among the cells belonging to the CG. In addition, (E)PDCCH conveying the DCI (e.g. DL assignment, UL grant) to schedule PDSCH/PUSCH transmission on a cell can be configured to be transmitted via different cell (i.e., cross-CC scheduling), in order for more robust signalling of the DCI. 
Even under NR system environment, each UE may have different CA capability for UL according to UE implementations, and even for the UL CA capable UEs, coverage (or power) of UL transmission could be limited according to channel condition. For this reason, anchor cell approach in the above (e.g. like UCI PUCCH only on Pcell in LTE) could be a baseline for UL control channel transmission conveying UCIs. Moreover, unlike the current LTE, each NR cell configured for CA (for a UE) could operate with different OFDM numerology (e.g. different sub-carrier spacing or symbol/subframe duration or TTI length) according to carrier frequency (e.g. below 6 GHz or above 6 GHz) or usage scenario (e.g. eMBB or URLLC or mMTC), and it might be complicated or inefficient to apply the above anchor cell approach for the CA of the cells with different numerology due to different subframe duration (or TTI length) between the cells. Considering this, it could be investigated as an additional approach for UCI signalling in NR CA that UL control channel conveying the UCI on a cell is transmitted on the same cell (denoted as per cell approach). 
Proposal #1: Discuss on UCI signalling based on anchor cell approach or per cell approach for the CA in NR, with consideration of CA capability and UL coverage of the UE, complexity and efficiency in HARQ operation.
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Figure 1: An example of anchor cell approach for UCI signalling in NR CA
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Figure 2: An example of per cell approach for UCI signalling in NR CA

Moreover, even for CA of NR cells, there might be some situations requiring the configuration of cross-CC scheduling for certain cell, for example, inter-cell interference effect, bad channel condition to transmit DL control channel, congestion of control signalling for multiple UEs. For this reason, it could be considered to adopt the cross-CC scheduling method even for the CA in NR system. In this case, it may be needed to consider how to support cross-CC scheduling between the cells with different numerology (e.g. scheduling cell and scheduled cell operate with different sub-carrier spacing or TTI length) in terms of the timing relationship between DL/UL grant signalling and the corresponding DL/UL data transmission. Similarly, it may also be needed to consider how to support anchor cell approach for UCI signalling in the CA between the cells with different numerology (e.g. Pcell and Scell operate with different sub-carrier spacing or TTI length) in terms of the timing relationship between DL data reception and the corresponding HARQ-ACK feedback transmission. 
Proposal #2: Discuss on DCI signalling based on cross-CC scheduling and UCI signalling based on anchor cell approach for the CA of the NR cells with different numerology, in terms of DL/UL HARQ timing relationship.
Furthermore, under the CA between the cells with different numerology (e.g. different symbol duration), synchronization between multiple cells may also need to be considered. In addition, considering introduction of analog (or hybrid) beamforming based operation in NR [2] especially for high frequency band (e.g. above 6 GHz), it may also be necessary to consider CA with the cells operated with analog beamforming. 
3. Conclusion
In this contribution, we discussed on DCI signalling and UCI signalling to support CA between NR cells, and the followings are proposed: 
Proposal #1: Discuss on UCI signalling based on anchor cell approach or per cell approach for the CA in NR, with consideration of CA capability and UL coverage of the UE, complexity and efficiency in HARQ operation.
Proposal #2: Discuss on DCI signalling based on cross-CC scheduling and UCI signalling based on anchor cell approach for the CA of the NR cells with different numerology, in terms of DL/UL HARQ timing relationship.
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