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1. Introduction

In RAN #71 meeting [1], study item on new radio (NR) access technology was approved. In this contribution, we discuss potential HARQ operation in NR system with consideration on the case applying different OFDM numerology between DL and UL or between control and data channels, and the case applying asymmetric HARQ latency based on different processing capability between eNB and UE.
2. Discussion
In RAN1#86bis meeting [2], following agreements were made. Based on this, we discuss the case that different OFDM numerology (e.g., subcarrier spacing or TTI length) is used between DL and UL or between control and data channels.
	Agreements:
· 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
· Followings applies both DL and UL

· The associated DM-RS for data/control transmission still uses the same numerology as the data/control transmission

· FFS: Control channel performance under different numerologies, Overhead saving, Control channel capacity; Quantify timeline saving, UE complexity


Firstly, due to TA mismatch or different delay profiles between UEs, there could be the case where larger CP length for UL than that for DL is necessary. To support a larger CP length, two approaches are possible: i) use of extended CP by keeping subcarrier spacing, or ii) reduction of subcarrier spacing by keeping CP overhead. In this case, reduction of subcarrier spacing could be more efficient rather than use of extended CP with respect to CP overhead as long as performance degradation due to inter-symbol interference is not serious. Therefore, it can be considered to apply larger subcarrier spacing for DL than that for UL. 
Secondly, especially for the multi-beam operation scenario based on analog beamformed transmission above 6 GHz, it can be considered to apply larger subcarrier spacing for the control channel than that for the data channel. This application would be beneficial in that the control channel can be transmitted for multiple beam directions by using symbol duration shorter than that for the data channel. Also, since the supportable maximum MCS level for the control channel is normally lower than that for the data channel, even if CP length for control channel shrinks compared with that for data channel, the robustness to inter-symbol interference could be maintained with a similar extent for both control and data channels. In addition, different subcarrier spacing between control and data channels can be considerable with respect to RS overhead.
Fig. 1 shows an example of different subcarrier spacing between control (e.g. 30 kHz) and data (e.g. 15 kHz) channels. Subcarrier spacing for DL control (and DL data) can be pre-defined or configured by RRC signalling while subcarrier spacing for UL control (and UL data) can be dynamically indicated by DCI for more flexible resource management. For UL control channel, it would be desirable in multi-beam operation situation that both RS and UCI can be transmitted within a single OFDM symbol based on 30 kHz subcarrier spacing (e.g., in FDM manner) rather than TDM between RS and UCI, in order to serve more beam directions within a given time duration. One aspect necessary to be considered is that duration or location of guard period (GP) and/or data and/or control channel can be allocated with different time granularity (e.g., symbol duration) depending on the numerology configuration for DL and UL.
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Figure 1. Example of different subcarrier spacing between DL and UL
Thirdly, there could be the case where TTI length for UL is larger than that for DL to guarantee sufficient UL coverage. Fig. 2 shows an example of asymmetric TTI length between DL (with short TTI) and UL (with long TTI). In this case, it may be required to consider how to determine the timing relationship between UL grant reception and corresponding UL data transmission or between DL data reception and corresponding HARQ-ACK transmission, depending on TTI configuration for DL and UL.
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Figure 2. Example of different TTI length between DL and UL
Proposal 1: Consider the case applying different subcarrier spacing or TTI length between DL and UL, and potential related issues such as scheduling granularity and HARQ timeline. Also, for the case with multi-beam based operation, consider to apply different subcarrier spacing between data and control channels.
Additionally, considering the requirement for latency reduction in NR system and the potential difference of processing capability between eNB and UE, asymmetric (minimum) HARQ latency between eNB side and UE side can be considered as shown in Fig. 3. Probably, eNB may have a better processing capability than UE in terms of DL/UL data encoding/decoding latency. Therefore, HARQ latency in UE side such as the timing relationship between DL data reception and corresponding HARQ-ACK transmission or between UL grant reception and corresponding UL data transmission, can be considered as larger than HARQ latency in eNB side such as the timing relationship between HARQ-ACK reception and corresponding DL data scheduling (for retransmission) or between UL data reception and corresponding UL grant scheduling (for retransmission). In this case, it may be necessary to consider the management of multiple HARQ processes for DL data and UL data.
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Figure 3. Example of asymmetric HARQ latency between eNB side and UE side
Proposal 2: Consider the case applying asymmetric HARQ latency between eNB side and UE side, and potential related issues such as management of multiple DL/UL HARQ processes.
3. Conclusion
In this contribution, we discussed potential HARQ operation in NR system with consideration on the case applying different OFDM numerology between DL and UL or between control and data channels, and the case applying asymmetric HARQ latency based on different processing capability between eNB and UE. The proposals of this contribution are summarized as follows.
Proposal 1: Consider the case applying different subcarrier spacing or TTI length between DL and UL, and potential related issues such as scheduling granularity and HARQ timeline. Also, for the case with multi-beam based operation, consider to apply different subcarrier spacing between data and control channels.
Proposal 2: Consider the case applying asymmetric HARQ latency between eNB side and UE side, and potential related issues such as management of multiple DL/UL HARQ processes.
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