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[bookmark: _Ref298777854]Introduction
[bookmark: _GoBack]This paper discusses aspects of forward compatibility for the access link design with respect to joint operation of access link and backhaul link. These aspects are based on conclusions from the last and the prior RAN-1 meetings [1][2]. The conclusion of the last RAN-1 meeting comprised:
Mechanisms for joint operation of backhaul link and access link should be studied by NR, including
· Study dynamic resource allocation among backhaul and access links, including TDM and FDM and SDM approaches under half-duplex constraint 
· Study multi-hop backhauling and multi-site connectivity in backhauling 
· Mechanism for integration of new TRPs/Relays carrying integrated backhaul and access functionalities
· Mechanisms for discovery and management of backhaul links for the connected TRP/Relay nodes (if supported) with integrated backhaul and access links
· Other aspects/functionalities such as forward compatibility to study full duplex operation on backhaul and/or access links are FFS
RAN1 should strive for a common mobility handling and beam management framework for mobile TRP/Relay nodes (if supported) carrying joint operation of backhaul and access functionalities and the usual UEs
Note: No assumption on particular RAN architecture
The agreement of the prior RAN-1 meeting comprised:
· 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
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Figure 1: Different symmetries of access link vs. backhaul link
Access link and backhaul link have inherently different symmetries.
The access link interconnects UE and eNB/TRP, two nodes which have vastly different properties, capabilities and resource constrains. For that reason, access-link designs typically introduce an asymmetric UL- and DL-direction with different requirements for both end points. 
The backhaul link, in contrast, interconnects two equivalent nodes, which typically have similar or same properties, capabilities, and resource constraints.  While it is possible to impose UL- and DL-directionality onto the backhaul link, e.g. as it was exercised by the Rel-10 Relay Node concept, the requirements on the end nodes and channel definitions need to allow for backhaul-link operation between two equivalent network nodes. Further, the demand for joint operation of access link and backhaul link imposes additional constraint on the link design which need to be considered. 
It is therefore important to design the access link in a forward compatible manner with wireless backhauling/relaying.

2.2 Aspects of Forward Compatibility with Backhauling/Relaying
The following addresses specific aspects that need to be considered by NR for the access link design to ensure forward compatibility toward joint access/backhaul operation.  
1. The TRPs/Relays on both end points of a backhaul link should be able to support the same maximum numbers of antenna ports, antenna beams and MIMO layers. On the access link, these numbers will most likely be higher for the TRP than that for the UE. Therefore, the access design should be forward compatible to operation with the same maximum numbers of antenna ports, antenna beams and MIMO layers on the UE-side as supported on TRP-side.
Proposal: NR should allow the access link design to be forward compatible to the support of the same maximum numbers of antenna ports, antenna beams and MIMO layer on the UE-side as supported on TRP-side. 
2. Access links and backhaul links should be able to leverage the same beam management framework. Therefore, the beam management framework developed for access links needs to be forward compatible with backhaul link operations. This means that the beam management framework needs to allow operation with the same numbers of antenna ports and antenna beams on both link end points as it is supported by the TRP/Relay. 
Example: On the access link, the UE-beam search may only have to consider a small number of beams. For future backhaul support, however, the same search mechanism has to work with a much larger number of beams as supported by TRPs/Relays.
Proposal: NR should allow the beam management framework to be forward compatible with operation on backhaul links. The framework, in particular, should permit operation with the same numbers of antenna ports and antenna beams on both link end points as supported by the TRP/Relay.

3. Waveform considerations include tradeoff between PAPR, spectral efficiency, guard band requirements and other factors. For the backhaul link, the same considerations apply to both link directions. Therefore, the access design should be forward compatible to the support of the same waveform in both link directions of backhaul links. This waveform should match the waveform used by the TRP on the DL for access. 
Example: The support of CP-OFDM in both link directions can be considered forward-compatible. Support of additional waveforms for UL does not affect this forward-compatibility. Restricting UL to other waveforms than CP-OFDM may not be forward compatible with backhauling.

Proposal: NR should allow the access link design to be forward compatible to the use of the same waveform on UL and DL.  This waveform should be the same as used on the DL for access.

4. Due to its symmetry, the backhaul link should be able to support same MCSs in both link directions. Since the backhaul link may enjoy better channel conditions, e.g., such as in stationary LOS deployments, higher constellations are possible and should be supported. In particular 256QAM should be supported.

Proposal: NR should allow the access link design to be forward compatible to an extension of MCSs to 256QAM for both UL and DL. 

5. The access design should be forward compatible to all aspects related to the joint operation of access links and backhaul links. One particular aspect of such joint operation is the half-duplexing constraint, i.e. TRP/Relay cannot listen on an access link while transmitting on a backhaul link and vice versa. The access design therefore should consider constraints related to half-duplexing as they appear for joint access/backhaul operation.
Example: Joint operation of access/backhaul should not prohibit synch-channel sharing between access and backhaul. On the backhaul link, a TRP/Relay has to omit synch-signal transmission in order to listen to synch channel transmissions by its peer TRPs/Relays. The access link design must therefore be robust against such omission of synch signal transmissions.   
Proposal: NR should allow the access link design to be forward compatible to half-duplexing constraints as they appear in joint access/backhaul operation.
6. Multi-hop, multi-site backhauling requires signalling mechanisms for mutual discovery and link establishment among connected TRPs/Relays as well as dynamic resource coordination on the backhaul links. For joint operation of access links and backhaul links in the same frequency band, the access-link design should be forward compatible to the support of such mechanisms. 
Proposal: NR should allow the access link design to be forward compatible to backhaul-related signalling mechanisms such as the mutual discovery and link establishment among connected TRPs/Relays as well as dynamic resource coordination on backhaul links.
Conclusion
[bookmark: _Ref442441852][bookmark: _Ref441562466]NR should consider the following aspects in the access link design to ensure forward compatibility with the support of joint operation of access and backhauling:

Proposal 1: NR should allow the access link design to be forward compatible to the support of the same maximum numbers of antenna ports, antenna beams and MIMO layer on the UE-side as supported on TRP-side. 
Proposal 2: NR should allow the beam management framework to be forward compatible with operation on backhaul links. The framework, in particular, should permit operation with the same numbers of antenna ports and antenna beams on both link end points as supported by the TRP/Relay. 

Proposal 3: NR should allow the access link design to be forward compatible to the use of the same waveform on UL and DL.  This waveform should be the same as used on the DL for access.

Proposal 4: NR should allow the access link design to be forward compatible to an extension of MCS to 256QAM for both UL and DL.  

Proposal 5: NR should allow the access link design to be forward compatible to half-duplexing constraints as they appear in joint access/backhaul operation.
Proposal 6: NR should allow the access link design to be forward compatible to backhaul-related signalling mechanisms such as the mutual discovery and link establishment among connected TRPs/Relays as well as dynamic resource coordination on backhaul links.
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