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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This document discusses the resource assignment in NR duplexing. In details, UL/DL direction indication, flexible duplex and full duplex are discussed.
Discussion
UL/DL direction indication
In LTE, UL/DL direction is common to all UEs in a cell via semi-static signalling or dynamic signalling (in eIMTA). In NR, we propose UL/DL direction can be different among UEs in a cell. This is used in the following scenarios.
1) UL and DL can be FDMed in the same band. In this case, two UEs will have different directions on resource usage in the same symbol.
2) The length of DL-UL gap is determined by (DL maximum propagation delay in a cell)+(RF switching period)+ (UL maximum propagation delay in a cell). Therefore, it is useful to optimize the gap for different UEs. For example, for UE who is not maximum propagation delay like centre of UE, the gap could be reduced. For UE who doesn't transmit UL after DL-UL gap, continuous DL reception is possible during gap period. It is not necessary to always set a fixed gap. 
On the other hand, to allow group-specific UL/DL direction may also be useful to reduce signalling overhead. So 
overall considering the two cases, the two approaches, namely UL/DL direction indication by group specific or UE specific should be supported.
Proposal 1: UL/DL direction indication by group specific or UE specific should be supported.

Flexible duplex
Flexible duplex has been mentioned in RAN/RAN1 meeting but the definition is not so obvious. Our understanding is flexible duplex means three cases 
1) UL and DL usage is flexibly changed in time domain. This is same meaning as dynamic TDD. 
2) UL and DL can be FDMed in the same band but not overlapped.
3) UL band is used also for DL in paired spectrum but DL and UL transmission are just in TDM manner. So in this case, flexible duplex is different with full duplex where DL and UL transmissions can overlap in the same time/frequency resources. The details on full duplex will be discussed in following section.
Our understanding is 1) is already agreed. The situation of 2 and 3) are not yet clear. Related to 2), DL receiver UE and UL transmitter UE can be same or different. We propose 2) and 3) are supported in a forward compatible way.
Related to 3) flexible duplex of paired spectrum, RAN plenary discussed the priority [1] and the status on this item is described with the bracket. We think flexible duplex of paired spectrum would be the topic for the discussion which is later than March 17. This means to remove the bracket is reasonable. On the other hand, flexible duplex of paired spectrum can be covered by the study of dynamic TDD as 1). For example, dynamic TDD is deployed in both DL and UL spectrums and like TDD-CA situation. It is just a spectrum usage issue. Therefore, not to mention is also ok.

Proposal 2: NR should allow to support  DL and UL are transmitted simultaneously in the different frequency resource in a band but not overlap in a forward compatible way. DL receiver UE and UL transmitter UE can be same or different.
Proposal 3: NR should allow to operate DL in UL band in a forward compatible way.

Full duplex
Last RAN1 meeting of full duplex is following.
–	FFS: It should allow support of full duplex in a forward compatible way
One of the discussion was the definition of full duplex is not yet clear. We propose to clarify that full duplex means DL and UL are transmitted simultaneously in the same time/frequency resource. Even if this is clarified, there are multiple scenarios of full duplex related to the sender and the receiver.
Related to the isolation between UL and DL, usage scenario can be categorized as following.
Case 1: Both base station and UE have full duplex canceller.
Case 2: Base station has full duplex canceller but UE may not have.
One example on the deployment of case 1 is like Figure 1. In either base station or UE side, there is some self-interference for example from UL transmission to DL reception in UE side or DL transmission interference to UL reception in base station side. Please note in this case we only show one UE in the network. Depending on the situation, there could be multiple UEs are doing full duplex like MU-MIMO based on base station’s scheduling and MIMO capability. 
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Figure 1 Both base station and UE have full duplex canceller (case 1)

In case 2, UE is not required to have the canceller. Therefore, UE complexity concern is alleviated. Figure 2 is one example of deployment in case 2. UE1 and UE2 have no full duplex (or self-interference) canceller but base station has. The interference from UE2 to UE1 could be avoided/reduced by base station scheduling. In base station, the situation is similar as case 1 and base station can cancel the self-interference by its own canceller.
Comparing case 2 with case 1, it is obvious that the requirement on UE complexity is small. But on the other hand, case 1 allows more full duplex operation regardless of transmitter/receiver UE situation. Therefore, base station would have more flexibility on how to schedule resources. Assuming two UEs are simultaneously scheduled in the same subframe, case 1 may get two times throughput than case 2 ideally. 
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Figure 2 Only base station has full duplex canceller (case 2)

Although we envisage the standardization should be step by step like to allow case 2 and then to allow case 1, we see both case 1 and case 2 should be supported as forward compatible way.
As the forward compatible aspect, we see following are possible topics but some more discussions would be required.
- Resource assignment mechanism should be considered in the case that UL and DL are overlapped in the same time/frequency domain
- To have the commonality in the access scheme between UL and DL.
- To have the commonality in the waveform between UL and DL when full duplex is operated 
- The collision between DL RS and UL RS is taken into account.
- Common channel should be always not to be full duplex for backward compatibility reason
- Mobility related reference signal should be protected to realize same coverage with non-full duplex operation
In addition, in our view, full duplex may also be extended to sidelink or other links. The situation is more complicated if some different link types are mixed. All these situations may need to be considered in a forward compatibility way.
For this meeting, we propose following related to full duplex.
Proposal 4: NR should allow to support full duplex operation with considering different deployment situations in a forward compatible way. Full duplex means DL and UL are transmitted simultaneously in the same time/frequency resource. UE may or may not support full duplex cancellation.
Conclusion
This document discussed synchronization signal and DL broadcast signal.
Proposal 1: UL/DL direction indication by group specific or UE specific should be supported.
Proposal 2: NR should allow to support  DL and UL are transmitted simultaneously in the different frequency resource in a band in a forward compatible way. DL receiver UE and UL transmitter UE can be same or different.
Proposal 3: NR should allow to operate DL in UL band in a forward compatible way.
Proposal 4: NR should allow to support full duplex operation with considering different deployment situations in a forward compatible way. Full duplex means DL and UL are transmitted simultaneously in the same time/frequency resource. UE may or may not support full duplex cancellation.
Reference
[1]  RP-161914, Outcome from prioritization discussion for New Radio Access Technology SI, Drafting group
4

1
3GPP
image1.jpg
Base station

Self-interference to DL

F

-__,
—

Self-interference to UL
reception





image2.jpg
-
.

]

. O'
|nter'fg;ence UE2





