[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #86bis                         R1-1608925
Lisbon, Portugal 10th – 14th October 2016

[bookmark: Source]Agenda Item:	   8.1.6.1
Source: 	   Fujitsu
Title:            Discussion on duplexing modes in NR
Document for:   Discussion/Decision
Introduction
In past RAN1 meetings since RAN1#84bis, the agreements related to the DL/UL transmission setting are shown as follows:
	· Study flexible/dynamic TDD, including both downlink and uplink transmissions in the same subframe interval
· Study flexible duplex
· Unless otherwise specified or indicated to the UE, the UE shall make no assumption on whether to transmit or receive at least within the data region(s) in a given time interval X
· Indication to the UE may include
· Dynamic L1 signaling
· RRC configuration
· Broadcast signaling
· …
· NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation
· The assigned DL/UL transmission direction can be signalled to UE by higher layer signalling


The agreements indicate that the DL/UL transmission can be semi-statically or dynamically indicated. To achieve it, the duplexing modes should be studied in NR. Thus, in this contribution, we will address the possible duplexing modes. 
Possible duplexing modes  
The motivation of considering the duplexing modes in NR is to adapt the traffic fluctuations, which may result from two typical scenarios:
· Scenario 1: the DL/UL traffic in a certain geographic area is variable in the time domain 
· Scenario 2: the DL/UL traffic is unevenly distributed over different geographic areas 
Thus, dynamic DL/UL transmission setting is considered and discussed in the past RAN1 meetings. To implement such function, we think the following duplexing modes can be considered:
Dynamic TDD and flexible duplex 
Both dynamic TDD and flexible duplex are based on the traditional duplex systems. Specifically, dynamic TDD, applied to the unpaired spectrum, aims at dynamically changing the DL/UL transmission directions. While flexible duplex, operated over the paired spectrum, aims at utilizing the FDD UL band for DL transmissions. Thus, for scenario 1 (i.e., the DL/UL traffic in certain geographic area is variable), dynamic TDD and flexible duplex can be implemented as in Fig. 1. In the figure, the cell has low DL and UL traffic at time t1, while the DL traffic becomes heavy at time t2. Therefore, the TRP is configured with more DL subframes via dynamic TDD, or configures DL transmissions over UL band (f2) via flexible duplex at t2. 


Fig. 1 Dynamic TDD and flexible duplex (Scenario 1)
Similarly, dynamic TDD and flexible duplex can be implemented in scenario 2 (i.e., the DL/UL traffic is uneven distributed over different geographic areas) as Fig. 2. In the figure, Area 1 has heavy DL traffic. Thus, with dynamic TDD, the TRP is configured with more DL subframes for Area 1, or with flexible duplex, the TRP is configured with DL transmissions over UL band (f2). 


Fig. 2 Dynamic TDD and flexible duplex (Scenario 2)
In-band full-duplex
Obviously, both dynamic TDD and flexible duplex can well handle the case with uneven DL/UL traffic distribution. However, in some cases, e.g., sport stadium, both DL/UL traffic may become heavy at the same time and at the same area. To deal with it, in-band full-duplex may be a possible solution since in this duplexing mode, the DL/UL transmission can be implemented at the same time in the same resources over the same cell, as shown in Fig. 3. 
[image: ]
Fig. 3 In-band full-duplex
Theoretically, in-band full-duplex can double the spectral efficiency compared to a TDD system. However, with this scheme, the single node should implement self-interference cancellation, including both analogue and digital interference cancellation, which significantly increases the complexity of the transceiver. On the other hand, to apply this technique network wide, the interference situation becomes much more complex than traditional duplex systems. Thus, the in-band full-duplex is far from straightforward deployment in the whole network. However, to avoid complex interference situations, in-band full-duplex can be used for an isolated cell, which has different operating frequency band from the neighbouring cells. 
 Space division full-duplex (SDFD)
Another choice to deal with the case with heavy DL/UL traffic is space division full-duplex (SDFD) [1], as shown in Fig. 4. Specifically, the TRPs in the certain geographic area are divided into two layers, i.e., DL layer and UL layer. At any time instant, the DL traffic and UL traffic in this area are served by TRPs in DL layer and those in UL layer, respectively. Different from dynamic TDD and flexible duplex, which assumes each UE is connected to the same TRP, SDFD requires that the UE can be connected to multiple TRPs at the same time. 

[image: ]
Fig. 4 Space division full-duplex
Based on this idea, one of implementation examples is shown in Fig. 5. Specifically, a geographic area is covered by two TRPs, e.g., TRP1 and TRP2, where TRP1 serves a macro cell and TRP2 serves a small cell. The two TRPs have different DL/UL configurations, i.e., configurations 1 & 2. In normal case, UE1 is served by TRP1, and UEs 2~4 are served by TRP2. However, in some periods, the DL/UL traffic in TRP2 becomes heavy, which cannot served by TRP2 only. Thus, the SDFD scheme can be applied to the UEs in TRP2. In particular, over the subframes 5 to 7, the UE2 is served by TRP1 in DL, while UE3 is served by TRP2 in UL. In this case, TRP1 and TRP2 can be considered to be in DL layer and UL layer, respectively. With this method, the data transmission and receiving happen in the cell served by TRP2 at the same time, which has the similar operation as the in-band full-duplex. However, in SDFD, since there is no self-interference, and two TRPs may be separated by large distance, the interference handling in SDFD can be much easier than in-band full-duplex.   


Fig. 5 Implementation example of SDFD
According to the abovementioned duplexing modes, dynamic TDD, flexible duplex and SDFD are based on traditional duplex schemes, which have lower implementation complexity than in-band full-duplex. Moreover, SDFD can be considered as the further enhancement of dynamic TDD and flexible duplex to tackle with the case that both DL and UL traffic is heavy. Thus, we propose
Proposal 1: In NR phase 1 study, the following duplexing modes could be studied:
· Dynamic TDD & flexible duplex
· Space division full-duplex 
On the other hand, in-band full-duplex shows promising gain at the spectrum efficiency. It can be considered as one possible candidate technologies for future 5G system. Thus, we propose:
Proposal 2: In NR phase 1 study, in-band full-duplex could be studied from the perspective of forward compatibility.
Interference handling
In above mentioned three duplexing modes, new interference, i.e., inter-TRP interference and inter-UE interference, appears compared to traditional duplex systems. To deal with such complex interference situation, the following technologies can be considered:
· Interference mitigation: In NR system, the number of antennas at TRPs is likely to increase compared to the LTE system. Thus, the beamforming technique can be utilized to reduce the inter-TRP interference. Moreover, the cooperation among TRPs can be implemented to exchange the channel information, which facilitates the beams generation in order mitigate inter-cell and inter-TRP interference. 
· Interference cancellation: in NR, the C-RAN architecture may be largely deployed, which allows multiple TRP shares the same BBU pool. In this case, the baseband signals from different TRPs can be well-known to each other. This facilitates the implementation of the interference cancellation. Moreover, with interference mitigation technology, the inter-TRP interference can be reduced largely compared to self-interference in in-band full-duplex. Thus, the remaining interference may be low enough to apply the digital interference cancellation, which is simple compared to self-interference cancellation. 
· Scheduling: as mentioned before, inter-UE interference may appear by applying the above duplexing modes. To deal with it, the intelligent scheduling is a useful technology. It can select a suitable UE pair to perform DL and UL transmissions respectively. Moreover, the cooperative scheduling among different TRPs can also reduce the inter-UE interference. 
· Power control: for inter-UE interference, the large UL power may result in severe interference to the neighbouring DL UEs. Thus, intelligent power control can facilitate inter-UE interference mitigation. Similarly, the DL power control over TRPs can also reduce the inter-cell and inter-TRP interference. 
Proposal 3: In NR, the following methods can be considered to deal with the interference caused by different duplexing modes:
· Interference mitigation 
· Interference cancellation 
· Scheduling 
· Power control
Conclusions
This contribution discussed potential duplexing modes in NR and the corresponding interference handling technologies, and we propose: 
Proposal 1: In NR phase 1 study, the following duplexing modes could be studied:
· Dynamic TDD & flexible duplex
· Space division full-duplex
Proposal 2: In NR phase 1 study, in-band full-duplex could be studied from the perspective of forward compatibility.
Proposal 3: In NR, the following methods can be considered to deal with the interference caused by different duplexing modes:
· Interference mitigation 
· Interference cancellation 
· Scheduling 
· Power control
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