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1. Introduction
At RAN#71 meeting a new study item on New Radio (NR) Access Technology was approved. The support for enabling wireless relay were identified for initial work. In contribution [1] [2], the wireless relay at for HF-NR is discussed.
In RAN1#84bis, it was agreed to study the backhaul and relay link with respect to the frame structure:

Agreements:
· Study frame structure(s) supporting at least 

· FDD duplex arrangement

· TDD duplex arrangement

· Downlink transmission

· Uplink transmission

· Sidelink transmission

· Access link

· Backhaul/relay link

· Standalone operation in licensed band

· Non standalone operation in licensed band

· Licensed-assisted operation in unlicensed band
The following was agreed in RAN1#85 [2]:
Agreements:
· NR should allow for efficient same frequency operation between the access link and backhaul link
· NR should also allow for efficient operation when the backhaul link and access link are on different frequencies. This includes:
· Operation of backhaul link and access link on different frequencies in the same band
· Operation of backhaul link and access link in different bands
· Note: The term ‘backhaul link’ does not make any assumption on NR RAN architecture design options
In this contribution, we will discuss our views on the wireless/relay backhaul signaling for NR.
2. Discussion

As an objective/requirement of NR systems, the signaling or data communication is determined to use beamforming technology. The discussion on motivating the design of beam-centric system can be found in the contribution [3]. As discussed in the contribution [4], the NR system can transmit the control messages in a multi-beam based approaches. It’s intuitive that the NR systems can transmit to multiple TRPs and also can receive from multiple TRPs using beamforming technology. Using TDD duplexing for NR as reference, the transmission/reception will be taking place in a discrete timeslot.
The huge backhaul data traffic motivates to adopt multi-hop wireless solution to provide cost-effective alternatives for last mile access. Assuming each TRPs is capable of transmitting to or receiving from multiple TRPs at the same time, and importantly, both the access link and backhaul link are operating on same frequency band, there ought to be signaling interference among these TRPs. We called these TRPs as Multiple-Transmit-Receive TRP (MTR-TRP). The spatial reuse might help in reducing the signaling interference somehow, but still the interference-free signaling remain an important designing factor in wireless/relay backhaul design for NR. The inter-TRP interference might significantly impact the end-to-end performance. In order to support an effective wireless/relay signaling or inter-hop communications including BS-BS and BS-UE links, the wireless/relay signaling procedure is essential while designing.

Observation 1: Multi-hop MTR-TRPs deployment with TDD might lead to inter-TRP interference.
Proposal 1: A proper backhaul signaling procedure needs to be studied for multi-hop TRP deployment scenario in HF-NR.
As line, an example deployment network topology, we have illustrated the signaling in Fig. 1. The number shown adjacent to the transmitting beams represent the timeslots. For the backhaul case, here in this example, the backhaul links have different transmission directions, to avoid the inter-TRP interference, the signaling is maintained in a discrete timeslot.   
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Figure 1. An example signaling in line topology.

Since the backhaul traffic is highly asymmetric, the transmission and reception requirement of each TRP might varied significantly. Therefore, it is quite possible that these signaling will be varied according to the transmission requirements. As a result, a static-TDD radio frame might not suit to handle the signaling in multi-hop relay backhaul. To be specific, a flexible radio frame is rationale for flexible signal backhauling for NR.
Using LTE TDD as reference, a radio frame might not require to define three subframe types (DL, UL, special SF) especially for NR backhaul signaling. Since, the backhaul signaling is either transmission or reception, there is no apparent reason to define DL and UL subframe. However, it is important to have a flexible radio frame where the transmission (Tx) and reception (Rx) subframe can be switched according the signaling requirements. In other words, these subframe can be configured dynamically either for transmission or for reception. We can call this radio frame as flexible radio frame as shown in Fig. 2.
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Figure 2. Flexible radio frame for HF-NR TDD

The issue associated with the subframe type, whether UL/DL, Tx/Rx or special SF, is not the measure concern. In TDD in general, each transmission is pre-configured for DL, for UL or to be switched SF from downlink to uplink. For dealing with backhaul, flexible radio frames should be introduced, and a new scheme can be implemented for switching between these sub-frame pattern. The control information for the pattern switching is a challenging topic by itself. In consequence, the system basically has to deal with control information and different switching operation according to huge backhaul traffic. Being on the implementation nature, the system can define the characteristics of the control signaling. In a short summary, the system should offer the greatest flexibility in traffic adaptation for backhaul in HF-NR.
Observation 2: Dynamic changing backhaul traffic requires greatest flexibility in transmission/reception pattern adaptation/selection in radio frame.
Proposal 2: Study the benefits and impacts to define a flexible radio frame for greatest flexibility in dynamic traffic adaptation.
The necessity to support network densification in NR is discussed in 5G requirements. As discussed-above, required transmission pattern selection or sub-frame switching introduces the problem of cross-link interference between neighboring TRPs. Without any properly defined action, this might significantly deteriorate the performance of the traffic adaptation. Since it is prevised that the traffic originated in small-cell backhaul will be huge, the traffic management between adjacent TRPs are important parts of the backhaul networks. Hence, a mechanism for inter-TRP coordination is required to meet the non-uniform traffic requirement at different TRPs. Assuming the same frequency operation between the access link and backhaul link, the inter-TRP coordination makes it more challenging. A multiplex mechanism is anticipated for operation between access link and backhaul link over the same frequency.
Observation 3: Dynamical changing traffic conditions and cross-link interference are challenging and might affect the performance of overall system. 
Proposal 3: Study mechanism to handle the inter-TRP coordination over same frequency operation between access and backhaul link.
3. Conclusion

In this contribution, the wireless/relay backhauling for HF-NR was discussed and we made following observations: 
· Observation 1: Multi-hop MTR-TRPs deployment with TDD might lead to inter-TRP interference.
· Observation 2: Dynamic changing backhaul traffic requires greatest flexibility in transmission/reception pattern adaptation/selection in radio frame.
· Observation 3: Dynamical changing traffic conditions and cross-link interference are challenging and might affect the performance of overall system.
Based on the observations, RAN1 is requested to discuss and if possible agree on the following proposals:
· Proposal 1: A proper wireless/relay backhaul signaling needs to be studied for HF-NR.
· Proposal 2: Study the benefits and impacts to define a flexible radio frame for greatest flexibility in traffic adaptation.
· Proposal 3: Study mechanism to handle the inter-TRP coordination over same frequency operation between access and backhaul link.
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