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1. Introduction
At the last RAN1 meeting, the following agreements were achieved in defining the NR DL control framework [1]: 
Agreements:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling
· Other solution is not precluded
· when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol

· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)

In contrast to the LTE PDCCH, the control resource set(s) in NR may not span the entire system bandwidth. Therefore, to facilitate efficient multiplexing of data and control in the frequency domain, the NR-PDSCH starting OFDM symbol in each subband may be different. We will discuss the mechanism to indicate the NR-PDSCH starting symbol in this contribution.
2. Discussion
In LTE system, the time domain duration of DL control channel is clear for the scheduled UE. For example, the control region for PDCCH occupies 1~4 OS in time domain across the system BW depending on the CFI.  In other words, the starting OS index for PDSCH transmitted in a subframe is not ambiguous. In NR system, it is possible to configure at least one UE-specific control resource set in addition to a common control resource set obtained from MIB/SI. Furthermore, the gNB can inform a UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. 
A UE could be scheduled within a subband or across several subbands. Here we assume one subband is a set of resources containing one control resource set. Clearly, the time domain duration of NR-PDCCH for each UE may be different as it is configured by dedicated RRC signaling. One example is shown in Figure 1.The first control resource set occupies the first three OS in time domain, while the second and third control resource sets occupy 1 and 2 OS respectively. There would be a reduction in spectrum efficiency if a fixed starting OS index for NR-PDSCH is used. For example, if a UE is scheduled a DL assignment overlapping the bandwidth containing the 3-symbol control resource set by a NR-PDCCH located in a different control resource set, it is not clear for the UE how to determine the starting OS for the NR-PDSCH. 
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Figure1: The time domain duration for control resource set

It is necessary to indicate the NR-PDSCH starting symbol to enhance the resource utilization. Explicit or implicit mechanism could be considered. Explicit signaling could be carried in the scheduling DCI, dedicated RRC signaling.
Alternative 1: Several bits could be used to indicate the starting symbol index in a slot. The indication should be valid to all the subbands overlapping with the NR-PDSCH. For example, a NR-PDSCH of a UE is allocated on 3 subbands and signaling indicates that the NR-PDSCH starts at the 2nd OS in all 3 subbands.
Alternative 2: the gNB indicates the starting OS index of the data region in each control subband or control subband group. The gNB could indicate the actual starting OS in each subband or subband group. However the overhead may be large. Another mechanism is that gNB only indicate the ON/OFF of control region in the control subband which overlaps with data region. A bit field in the DCI indicates to the UE whether or not a data channel is mapped to OFDM symbols contained in the control subband. If the bit field value indicates that data is not mapped to REs in the control subband, the data region starts from the Xth OS in the subband.
 X should be predefined or signaled.
Alternative 3: the UE always assumes that the NR-PDSCH starts from the first OS. The gNB indicates the last OS index and the last CCE index which the DL control channel candidate occupies in the data region if necessary. UE could derive the resources assigned for data transmission through removing the resources occupied by control channel in the subband. The overhead may be very large. 
Alternative 4: UE always assumes that the data region starts from, e.g., X OS within all of the subbands. Additional RA could be used to indicate those resources could be used for data within X OS. The RA granularity within X OS could be PRB/PRB group/CCE and the value of X could be configured by RRC/broadcast signaling.
In addition to the above explicit method, implicit mechanisms could be also considered. One possible example is that the UE assumes that the time-frequency resources except those occupied by its control channel are used for data within its control resource set, while the resources not overlap with its control resource set can be always used as data region. 
Proposal 1: Both explicit and implicit indication for NR-PDSCH starting symbol should be considered.
3. Conclusion
In this paper we discussed several mechanisms to indicate the NR-PDSCH starting symbol. We have the following proposal,
· Proposal 1: Both explicit and implicit indication for NR-PDSCH starting symbol should be considered.  
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