3GPP TSG RAN Rel-18 workshop							    RWS-210042
Electronic Meeting, June 28 - July 2, 2021

Agenda Item:	4.1
Source:	OPPO
Title:	Discussion on flexible duplex mode
Document for:	Discussion and Decision

Introduction
This contribution provides our views on flexible duplex, including 
· the benefits from flexible duplex; 
· the standing-out issues in our view that 3GPP needs to solve first in order to support flexible duplex;
· our preference to the Rel-18 scoping in case flexible duplex is considered in the next NR release. 
Discussion
The flexible duplex is recognized to have following benefits: 
· Latency reduction: The flexible duplex allows the cell-common full-duplex operation from the gNB’s perspective. In other words, when the gNB operates in UL reception for a UE, it does not need to hold the DL transmission to another UE until its UL reception completes, and vice versa. The traffic latency is reduced.  
· Coverage enhancement: The coverage bottleneck is generally believed to occur on the uplink, due to the UE transmission power limitation. Then extending the uplink transmission time is a well-known technique to improve the uplink coverage. However, to assign more time-domain resources to the uplink for the cell-edge UEs means the half-duplex gNB has fewer time-domain resources left for the downlink -- the resource competition between the downlink and uplink would restrict both downlink capacity and uplink coverage. On the other hand, as provided in [1], the full-duplex gNB breaks such downlink-uplink resource competition and allows the uplink coverage enhancement without sacrificing too much downlink resource capacity. 
· System resource utilization improvement: In case not all the resources in a slot are assigned to downlink (or uplink), the remaining resources get wasted with the half-duplex gNB but are allowed to be allocated for uplink (or downlink) usage with the full-duplex gNB. In general, the full-duplex gNB operation applies resource granularity in 2-dimentions across time and frequency, which deems to be more efficient than the 1-dimentional granularity in either time or frequency.     

Figure 1 shows one example of flexible duplex within one single slot, from perspectives of both full-duplex gNB and involved half-duplex UEs. 
[image: XDD]
[bookmark: _Ref829750617]Figure 1 Resource observations for full-duplex gNB and half-duplex UE
In Figure 1,
· From the full-duplex gNB perspective, it allocates in the slot the DL resources for UE1 and UE4, as well as the UL resources for UE2 and UE3, where the resources for UE1 and UE2 starts at the beginning of the slot while the resources for UE3 and UE4 are allocated before the end of the slot. 
· From UE perspective, there can be at least two ways to achieve the resource allocations for all 4 UEs as shown in the top sub-figure of Figure 1. 
· [bookmark: _GoBack]The UE receives SFI for the slot with SFI values other than 255. The four UEs may be configured with different SFI-RNTI or different slot format table entries so that they can interpret the same slot into different D/F/U combinations allowed by Rel-17, as illustrated in the lower four sub-figures in Figure 1.
· The UE receives SFI for the slot with SFI value equal to 255, which means the slot format is determined on-the-fly by the on-demand traffic that is scheduled upon the resource in the slot.    
Therefore, the existing specifications already provide the necessary UE behaviors, which are although in limitation of half-duplex, to support the full-duplex operation on gNB side. There can be certainly other considerations of UE-side enhancements, such as support of “U/F/D” alike slot format or support of UE-side full-duplex, but the outstanding issue in the whole picture of supporting flexible duplex is now not on UE side, but gNB side. Even though the simultaneous Tx/Rx in gNB was already touched in Rel-17 IAB WI, the solutions if any decided for IAB may not fit on flexible duplex, because the simultaneous Tx/Rx in IAB occur between parent link and child link (including the access link), while the simultaneous Tx/Rx in flexible duplex focus on access link only. How to make the gNB to achieve full-duplex operation with satisfactory performance, including the feasibility under given regional regulations as well as the achievable performance improvements, should be studied first before 3GPP rolls out a work item on flexible duplex.
It should be noted that Figure 1 assumes the downlink resource for one UE and the uplink resource for another UE are separated by either TDM, FDM or both TDM and FDM, but not time-frequency overlapping with SDM. The full-duplex with time-frequency overlapping generates more challenging issues, such as Tx/Rx RF chain separation, AGC-ADC impact and timing synchronization requirement, which contribute to both implementation difficulties (for both gNB and UE) and specification complexities. Because the full-duplex with time-frequency overlapping is not a must-have for the basic functionality of flexible duplex, we suggest considering such enhancement in the future phase of flexible duplex.  
The interference management/mitigation relating to both self interference and cross-link interference is the prominent issue in the study scope. The necessary gNB coordination with inter-gNB signaling should also be included.   
Proposal 1: RAN considers a Rel-18 SI for NR flexible duplex, with following conditions.
· target gNB-side full-duplex and UE-side half-duplex;
· assume no new UE behaviors and UE RF requirements on top of Rel-17;
· have no time-frequency resource overlapping between DL traffic and UL traffic in the same serving cell.  
Proposal 2: The Rel-18 SI for NR flexible duplex may have following objectives.
· To study the feasibilities of gNB-side full-duplex under given regional regulations (if any);
· To evaluate the achievable system performances of flexible duplex for selected deployment scenarios;
· To study the promising interference mitigation solutions with necessary NW-side signaling.  
Conclusion
This contribution is concluded with following proposals:
Proposal 1: RAN considers a Rel-18 SI for NR flexible duplex, with following conditions.
· target gNB-side full-duplex and UE-side half-duplex;
· assume no new UE behaviors and UE RF requirements on top of Rel-17;
· have no time-frequency resource overlapping between DL traffic and UL traffic in the same serving cell.  
Proposal 2: The Rel-18 SI for NR flexible duplex may have following objectives.
· To study the feasibilities of gNB-side full-duplex under given regional regulations (if any);
· To evaluate the achievable system performances of flexible duplex for selected deployment scenarios;
· To study the promising interference mitigation solutions with necessary NW-side signaling.  
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