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1 Introduction
At the previous meeting (RAN1 #86bis), it is agreed that [1]
· NR should support both data and control with the same numerology
· Study impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Study impact and benefits of allowing the transmission of uplink control information and data transmission from a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
In this paper, the impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies are studied. At previous meeting, for this issue, the discussion focused on using larger SCS for control channel than that for data channel due to its shorter HARQ acknowledgment reporting processing time and potential lower GP overhead. Therefore, the impact and benefits of using larger SCS for DL control channel than that for data channel are studied in this paper.
2 Numerology for control channel
The impact and benefits of larger SCS for control channel than that for data channel are studied from the following aspects:

· TDD Gap analysis

· Processing time

· UE complexity

· Performance
2.1 TDD GP analysis 
One discussed benefit of using larger SCS for control channel and GP than that for data channel is that GP with larger SCS and shorter symbol duration can save GP overhead. However, TDD DL-UL GP depends on not only the transmitter switching time and cell coverage but also the cross-link interference among different sites as shown in Figure 1.  And, TDD UL-DL gap can share the duration of DL-UL GP with proper timing advance in LTE. For the LTE-TDD deployment scenarios, the traditional gap is 2 OFDM symbols, which is about 142us. Then, there is no cross-link interference among different sites with ISD shorter than about 42km. When the ISD is longer than 42km, the cross-link interference is limited. Then, whether larger SCS and shorter symbol duration for GP can save GP overhead should be further studied considering cross-link interference among different sites. 
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Figure 1 TDD gap for cross-link interference
Proposal 1: Study further the benefits of GP reduction with increasing SCS considering cross-link interference.
2.2 Processing time
Another discussed benefit of using larger SCS for control channel than that for data channel is larger SCS with shorter symbol duration can save UE processing time for acknowledgment reporting to enable fast retransmission using pipeline processing approach. For slot level scheduling, since the HARQ processing time is slot level in LTE and the saved processing time may be symbol level as shown in Figure 2, the benefit of larger SCS for control channel than that for data channel on fast retransmission can be further evaluated accurately. Furthermore, using larger SCS for DL control channel to reach fast retransmission, the position of pilot is restricted to be in front of the position of acknowledge reporting in time domain without flexibility as shown in Figure 2. 
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Figure 2 processing acknowledge reporting time comparison with different numerology for DL control channel
Proposal 2: The benefit of larger SCS on fast retransmission can be evaluated accurately.
2.3 UE complexity
When different numerologies for data channel and control channel are multiplexed by TDM, UE should support different numerologies within one slot with FFT processing unit switching. When different numerologies for data channel and control channel are multiplexed by FDM, UE should support two FFT processing units simultaneously. Compared with the same numerology for data channel and control channel, different numerologies for data channel and control channel potentially increase UE complexity.

Observation 1: Different numerologies for data channel and control channel potentially increases UE complexity.
2.4 Performance

Enlarging SCS while keeping the same CP overhead, the CP length will become shorter. In [2], the evaluation has shown that larger and smaller SCS for control channel would lead to similar performance with QPSK. However, the evaluation for data transmission shows that lower MCS which is less sensitive for the change of delay spread should be selected to keep the same performance [3]. One should also explore the possibility to use higher MCS other than QPSK for control channel with lower control overhead for deployment scenarios with high SNR potentially, e.g., indoor hotspot, dense urban [4]. Then, the impact of larger SCS on DL control channel should be evaluated with more possible MCS. 
Proposal 3: The impact of larger SCS on DL control channel performance should be evaluated with more possible MCS.

3 Conclusion
Proposal 1: Study further the benefits of GP reduction with increasing SCS considering cross-link interference.
Proposal 2: The benefit of larger SCS on fast retransmission should be evaluated accurately.
Observation 1: Different numerologies for data channel and control channel potentially increases UE complexity.
Proposal 3: The impact of larger SCS on DL control channel performance should be evaluated with more possible MCS.
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