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1. Introduction

In RAN1 NR Ad-Hoc meeting, the following agreement was made related to HARQ operation, especially for the minimum HARQ processing time of NR UE [1].
	Agreements:
· NR UE supports a set of minimum HARQ processing time

· FFS: set size

· NR supports different minimum HARQ processing time at least for across UEs
· The HARQ processing time at least includes:

· Delay between DL data reception timing to the corresponding HARQ-ACK transmission timing

· Delay between UL grant reception timing to the corresponding UL data transmission timing

· NR UE is required to indicate its capability of minimum HARQ processing time to gNB
· FFS how the capability is indicated by UE

· e.g. reported processing time granularity
· e.g. dependency of DMRS pattern configuration

· FFS definition of minimum HARQ processing time


In this contribution, we address and discuss on potential HARQ operations in NR system environment, with consideration of asymmetric HARQ latency between UE and gNB or between DL and UL, and HARQ parameter differentiation between use cases. 
2. Discussion
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 Figure 1. Probably, eNB may have a better processing capability than UE in terms of the encoding/decoding latency for DL/UL data transmission/reception. Therefore, HARQ latency in UE side such as the time delay 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 time delay 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 1. Example of asymmetric HARQ latency between eNB side and UE side
Proposal 1: 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.
Besides, 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 (i.e., SCS), or ii) reduction of SCS by keeping CP overhead. In this case, reduction of SCS 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 SCS for DL than that for UL. In addition to this, there could be the case where TTI length for UL is larger than that for DL to guarantee sufficient UL coverage. Figure 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 time delay between UL grant and UL data or between DL data and HARQ-ACK, depending on TTI configuration for DL and UL.
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Figure 2. Example of different TTI length between DL and UL
Proposal 2: 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. 

Furthermore, considering different latency requirement between use cases (e.g. eMBB and URLLC), HARQ parameters such as DL/UL HARQ timeline (e.g. delay between DL data and HARQ-ACK or delay between UL grant and UL data) and the maximum number of HARQ processes would be differentiated between use cases with different TTI length. For an example, in case of eMBB with longer TTI length based on loose requirement, relatively larger HARQ delay would be configured, and correspondingly, the number of HARQ processes might be increased. For another example, in case of URLLC with shorter TTI length based on tight requirement, relatively smaller HARQ delay would be configured, and correspondingly, the number of HARQ processes might be decreased. Given that, if a UE is configured with multiple different use cases, for example, both eMBB and URLLC, it may be necessary to discuss on how to manage HARQ processes associated with different use cases (or different TTI lengths) in terms of HARQ process ID and soft buffer partitioning. For example, it may need to be discussed on whether the minimum buffer size per TB (or CB) for each use case (or TTI length) is determined by assuming same or different total buffer size between different use cases (or TTI lengths). 
Proposal 3: Consider differentiation of HARQ related parameters according to the use cases including potential sharing of HARQ process and soft buffer between different use cases. 

3. Conclusion
In this contribution, we address and discuss on potential asymmetric HARQ latency and HARQ parameter differentiation in NR, and the followings are proposed:
Proposal 1: 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.

Proposal 2: 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. 

Proposal 3: Consider differentiation of HARQ related parameters according to the use cases including potential sharing of HARQ process and soft buffer between different use cases. 
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