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Introduction
In RAN#85 [1] some agreements were reached as follows
	Agreements:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported
· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay



In NR, multiple links are to be supported such as access link, backhaul link and D2D link. In this contribution some of the design principles are discussed to support the multiple links based on the agreements. 

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Symmetric design on the multiple slinks
In the Unified Duplex concept [2], the system allows flexible allocation of time-frequency resources for different transmission directions (DL, UL, SL, BL) regardless paired or unpaired spectrum. Different types of links such as the access/backhaul/D2D links will be supported in NR in an integrated manner in the same cell or by the same TRP. In NR, the access links can be supported using the interval X. A time interval can be dynamically scheduled as access, backhaul and D2D links. The multiple links can also be scheduled on the same interval X, so that the links are multiplexed in frequency domain or space domain which leads to the following multiplexing scenarios. 

· Joint access and backhaul
The spectral efficiency of joint access and backhaul design is a very important issue. As Figure 1 shows, the access and backhaul links using the same waveform can be easily spatially multiplexed just as what is done by MU-MIMO. The spectral efficiency can be improved consequently.

· Evolved D2D
As Figure 2 shows, the D2D link and the access link using the same waveform can also be easily spatially multiplexed just as what is done by MU-MIMO. This leads to higher spectral efficiency.
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Figure 1. MU-MIMO-like operation for paired backhaul and access links.
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Figure 2. MU-MIMO-like operation for paired D2D link and cellular link in evolved D2D.

For dynamic UL/DL direction scheduling, the adjacent TRP may schedule the same interval X for different transmission directions, and cross-link interference will happen as depicted in Figure 3. Some interference mitigation mechanisms need to be introduced to improve the performance. For scheduling flexibility and latency consideration, frequency multiplexing or MU-MIMO like multiplexing of the different links can be employed as described above. Joint detection of the multiple links needs to be considered. 
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Figure 3. Illustration of TRP-TRP and UE-UE interference.

To enable the low-complexity TRP-TRP and UE-UE interference cancellation techniques and joint detection of multiple links, it is required to use the same waveform and the same subcarrier grid for the downlink, uplink, backhaul link and D2D link. 
Furthermore channel estimation of the different links based on orthogonal reference signal can simplify the channel estimation and minimize the cross-link channel interference. The reference signal for the different links can be orthogonal in code domain or in time-frequency domain. 

Proposal 1:  Symmetric waveform for downlink, uplink and D2D link should be supported.

Proposal 2:  Orthogonal reference signal for different links should be supported. 

[bookmark: _Ref129681832]Conclusions
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To support interference cancellation mechanism and flexible multiplexing of access link, backhaul and D2D link, the following proposal should be adopted. 

Proposal 1:  Symmetric waveform for downlink, uplink and D2D link should be supported.

Proposal 2:  Orthogonal reference signal for different links should be supported. 
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