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1 Introduction

In RAN#71, the SID for new radio access technology has been approved [1]. One of the important objectives of this SID is to investigate the fundamental physical layer signal structure including waveform, basic numerology and frame structure as well as channel coding scheme(s). 
For NR there will be a multitude of different services with very diverse requirements. In order to address these requirements and to handle them in a cost efficient way, also the HARQ process needs to be designed very flexibly. From one common frame structure several HARQ operations should be possible to be supported.  
In this contribution, we will discuss different kinds of HARQ feedback, i.e. Self-contained feedback, Delayed Feedback and Concentrated Feedback. The discussion is done for both FDD and TDD.
2 Frame structure overview

The proposed frame structures are presented in more detail in [1], here for a better understanding of the HARQ discussion, a summary is presented for FDD and TDD. In general we are striving for a common frame structure for both FDD and TDD as much as possible.
For FDD:


Figure 1 Frame structure for FDD system
Note that the “RS” at the end of the DL frame in Figure 1 above may be any kind of DL signal but not DL data. In order to realize self-contained feedback, the DL data cannot be sent at the end of the Scheduling Frame. 
For the FDD system, as shown in figure 1, the downlink scheduling frame includes downlink control, downlink data and RS. We prefer the downlink feedback is built into the UL grant for the next scheduling occasion. The uplink scheduling frame includes a reference signal, uplink data and uplink feedback. 

For TDD:


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure 2 Frame structure for TDD system
For the TDD system, each scheduling frame can include both uplink and downlink. As shown in figure 2, the downlink scheduling frame includes downlink control, downlink data, GP and uplink feedback. The uplink scheduling frame includes downlink control for scheduling uplink data, GP, uplink data and uplink control. 
3 Discussion - HARQ for FDD

3.1 Self-contained feedback
With self-contained feedback it is meant in this contribution:
· For downlink data transmission: The UL sends the Ack/Nack within the same scheduling frame
· For uplink data transmission: The feedback is implicitly indicated by UL grant
In order to realize self-contained feedback within a scheduling frame (for downlink data), sufficient time between the data transmission and its corresponding feedback must be guaranteed. This time is needed for receiver processing. The scheduling frame structure is shown in figure 3 below: the base station receives the corresponding feedback for its downlink data at the end of the same scheduling frame.
For uplink data transmission, there is no need for explicit feedback. Instead, this can be built into the UL grant for the next scheduling frame. In this case, there must be sufficient time available until the next scheduling frame (SDF) is scheduled.  


Figure 3 Frame structure for self-contained feedback
The introduction of self-contained feedback has at least two advantages:
· The short delay of the Ack/Nack is suitable for services that require low latency (e.g. URLLC)
· Low coupling between different Scheduling Frames. This makes it easier for the scheduler to assign resources and it also makes it easier to multiplex different services with different types of SDF.

Observation #1: Self-contained feedback enables the possibility for fast feedback, which is required for low latency services such as URLLC. Self-contained feedback also results in a low coupling between different Scheduling Frames. This makes it easier for the scheduler to assign resources and it also makes it easier to multiplex different services with different types of SDF.
3.2 Delayed feedback
As it was mentioned in the previous section, for self-contained feedback, each scheduling frame requires some time for the receiver processing. Although this time can be used to send other signals, the transmission rate of data will reduce. Also, some UEs categories might not have the processing capabilities to decode the received data in such a short time. 
Therefore, the HARQ process should not only support self-contained feedback, but also delayed feedback, where the Ack/Nack is not sent in the same Scheduling Frame as data transmission. The ACK/NACK delay could be realized either as a constant or a dynamic time interval. In general, the base station could send the downlink data in the scheduling frame n and would receive the corresponding feedback in the scheduling frame n+k. 
For a constant interval, different values of k could be chosen for different services. If the interval is dynamic, the interval (k) can be indicated by DCI. Comparing with the constant interval method, the dynamic interval method is more flexible but will introduce additional control signaling overhead. The delay feedback is suitable for services that do not require very low latency, e.g. eMBB, mMTC.


Figure 4 Delayed feedback
Observation #2: Delayed feedback may benefit the UE without ability of fast decoding  
4 HARQ for TDD
4.1 Self-contained feedback
The self-contained HARQ process for TDD is illustrated in figure 6. For downlink data transmission, after the UE has received data, it will then send Ack/Nack within the same Scheduling Frame after a GP delay.
Similar to FDD, self-contained feedback also provides a short delay in TDD. This is again suitable for low latency services (e.g. URLLC). Additionally, it provides a low coupling between different Scheduling Frames.
However, this mode is not optimal for services which do not require low latency (e.g. eMBB). In this case, it does not bring benefits, but still has a cost coming with it: 
· For downlink, the GP is not necessary, since feedback can be located in a subsequent uplink scheduling frame or in the uplink feedback part of other downlink scheduling frames. This can reduce the number of GPs to improve resource utilization. 


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 6 self-contained feedback
Observation #3: Self-contained feedback for TDD offers a low latency. But it also comes at a cost with increased overhead due to the frequent use of GPs.
4.2 Delayed feedback
[bookmark: OLE_LINK24][bookmark: OLE_LINK27]A Scheduling frame of TDD can include both uplink and downlink. Therefore, the HARQ can have a fixed timing relationship. When downlink data is received in Scheduling Frame n, the feedback can be located in Scheduling Frame n + k , where k is a positive integer. As shown in the examples of Figure 7, feedback of downlink data in scheduling frame n can be included in scheduling frame n+1. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK11]The value of k can be fixed or assigned in a semi-static fashion in order to simplify the design. For services that have different delay requirements, different values of k might be selected. Also considering that the length of the Scheduling Frame is variable, the k value could be reconfigurable to meet the various delay requirements of different services and to reduce the fluctuation of the feedback delay. 
Delayed feedback is not suitable for low latency service (e.g. URLLC), but may benefit the UE without ability of fast decoding. 
In figure 7, the concept of delayed feedback for DL transmission is illustrated.


Figure 7 uplink feedback
4.3 Concentrated feedback
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]With concentrated feedback in TDD, feedbacks of multiple scheduling frames are concentrated in one single scheduling frame. Although uplink and downlink could be flexibly configured in 5G TDD, there are constraints when LTE and 5G NR shall coexist. In that case, the 5G NR TDD should be aligned with LTE in order to avoid interference between uplink and downlink. The concentrated feedback could be adopted in this scenario. 
Because the LTE uplink and downlink configuration is fixed, the uplink and downlink of 5G NR has to use the identical semi-static configuration. The advantage of concentrated feedback is that it can reduce the control overhead and also reduces the number of GPs.This improves the resource utilization. However, concentrated feedback will increase the control load in one scheduling (for multiple ACK/NACK feedback) frame or incur performance degradation due to ACK/NACK bundling


Figure 8 Concentrated feedback
Observation #4: Concentrated feedback for NR TDD could be beneficial when NR shall co-exist with LTE TDD. However it will increase the control load in one scheduling or incur performance degradation due to ACK/NACK bundling
5 Conclusions and Proposals

In this contribution, we describe our considerations of the HARQ operations for NR and make the following observations and proposals:
Observation #1: Self-contained feedback enables the possibility for fast feedback, which is required for low latency services such as URLLC. Self-contained feedback also results in a low coupling between different Scheduling Frames. This makes it easier for the scheduler to assign resources and it also makes it easier to multiplex different services with different types of SDF.
Observation #2: Delayed feedback may benefit the UE without ability of fast decoding   
Observation #3: Self-contained feedback for TDD offers a low latency. But it also comes at a cost with increased overhead due to the frequent use of GPs.  
Observation #4: Concentrated feedback for NR TDD could be beneficial when NR shall co-exist with LTE TDD. However it will increase the control load in one scheduling or incur performance degradation due to ACK/NACK bundling
Proposal: The NR frame structure shall be designed that following HARQ methods are supported
· For FDD: Self-contained feedback, delayed feedback
· For TDD: Self-contained feedback, delayed feedback, concentrated feedback 
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