3GPP TSG RAN WG1 NR Ad-Hoc Meeting                     R1-1700662
Spokane, USA 16th – 20th January 2017

[bookmark: Source]Agenda Item:	   5.1.7
Source: 	   Fujitsu
Title:            Implementation framework of duplexing in NR 
Document for:   Discussion/Decision
1. Introduction
In RAN1#87, the following agreements on duplexing have been achieved [1]:
	· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner
· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)
· FFS adaptation at the level of a mini-slot
· Other aspects, if any, are not excluded
· Note: the applicability of the above bullets in terms of spectra is a separate discussion


Based on the above agreements, the transmission direction of each gNB can be changed dynamically on at least a per-slot basis in NR. Such frequent change is different from the eIMTA in LTE-A. Thus, this contribution addresses a new framework on implementing the duplexing in NR.
2. Issues for duplexing in NR
In NR, the per-slot transmission direction change introduces the fluctuated interference among different cells, especially the cross-link interference (i.e., TRP-to-TRP interference and UE-to-UE interference). Thus, the key issue of the duplexing in NR is cross-link interference management. In our understanding, it mainly includes three aspects:
· Transmission direction identification 
· Cross-link interference measurement
· Cross-link interference mitigation
2.1 Transmission direction identification
The cross-link interference appears only if the neighbouring gNBs (or their served UEs) use different transmission directions in the same time domain resources. Thus, the knowledge of the DL/UL settings of neighbouring gNBs for the resources of interest determines the necessity of implementing the cross-link interference measurement and mitigation by each gNB. The possible methods of informing about the transmission direction include:
· Inter-cell coordination: each gNB can inform the transmission direction to its neighbouring gNBs via the backhaul. This method depends on the backhaul latency. Specifically, an ideal backhaul can achieve the timely transmission direction notification among gNBs even if the transmission direction is changed per-slot. However, with non-ideal backhaul this may not be feasible due to the large latency (e.g., 20ms). 
· UE relaying: given that each gNB will indicate the transmission direction to the UEs in a cell, the UE is aware of the transmission direction of the serving gNB. Moreover, cell edge UEs may be able to receive the transmission direction indication(s) from the neighbouring gNB(s). Thus, the UE can be allowed to inform the transmission direction indicated by one gNB to other gNBs. For example, given the serving gNB of the UE is gNB1 and the neighbouring gNB is gNB2, as shown in Fig. 1(a), the UE can receive the transmission direction indication of gNB1 at t1, and then notify it to gNB2 at t2. On the other hand, the UE can also receive the transmission direction indication of gNB2 at t1, and then notify it to gNB1 at t2, as shown in Fig. 1(b). Additionally, to ensure that more UEs can receive the transmission direction of neighbouring gNBs, each gNB can send the transmission direction indication using larger power than for other DL signals. 


Fig. 1 Transmission direction notification via UE
2.2 Cross-link interference measurement 
Compared to the traditional measurement (e.g., inter-cell interference measurement), cross-link interference measurement may have some difference. In other words, performing the cross-link interference measurement may introduce some extra complexity (e.g. requiring some assumption on whether the interference is cross-link or inter-cell). Thus, the cross-link interference measurement can be properly performed at both gNB and UE sides only after identifying the different transmission direction among cells. As agreed in the last meeting, the physical reference signals can be reused for cross-link interference measurement. The UE can report the measured cross-link interference to the gNB. On the other hand, the gNB can notify the neighbouring gNBs of the existence of cross-link interference and the corresponding strength via backhaul. After that, the cross-link interference strength is evaluated based on the long-term and short-term measurement results. Then, the necessity of implementing the cross-link interference mitigation can be determined. 
2.3 Cross-link interference mitigation 
After detecting the severe cross-link interference, the gNB and UE can apply interference mitigation schemes to reduce the impact caused by the flexible DL/UL setting change among gNBs. In the last meeting, several methods were proposed, including advanced receiver design, RS design, sensing, power control, coordination, link adaptation, etc. In addition, some other methods can be considered as well, such as the dynamic TDD area setting which limits the UEs served by the dynamical transmission direction change, and co-channel multiple connectivity which aims at changing the scheduling gNB and transmission direction of the UE. The details can be found in our companion contribution [2]. 
In our understanding, RAN1 has consensus on studying cross-link interference measurement and mitigation. However, the opinion on the transmission direction identification is not well discussed. As mentioned before, the necessity of implementing cross-link interference measurement and mitigation is determined by the transmission direction identification. Thus, we propose:
Proposal 1: The identification and reporting of transmission direction in neighbouring cells should be studied in relation to duplexing in NR.  
3. Framework for cross-link interference management 
In practice, the non-ideal backhaul may be deployed among gNBs. Thus, highly dynamic inter-cell coordination may not be feasible for transmission direction identification and the UE relaying method can be considered. In this section, by applying the UE relaying for transmission direction identification, two different slot structures are introduced to include three aspects mentioned in Section 2. 
· Structure 1
As shown in Fig. 2(a), for each gNB, its transmission direction indication is sent at the beginning of the slot, e.g., 1st symbol. It indicates the transmission direction of the next slot (e.g., the slot 2 is UL). At the end of the slot, the UE(s) will send the transmission direction notification to the gNB(s): 1) notify the serving gNB’s transmission direction of the next slot to neighbouring gNB(s), or 2) notify the neighbouring gNB’s transmission direction of the next slot to the serving gNB. With this structure, each gNB can know the transmission direction of the next slot of the neighbouring gNB(s). Thus, if two neighbouring gNBs use different transmission direction in the next slot, the gNB can determine the strength of the cross-link interference based on the previous measurement, or the gNB can configure the sensing/measurement scheme in the next slot. Meanwhile, an interference mitigation scheme can be applied in the next slot. 
· Structure 2
As shown in Fig. 2(b), each gNB sends the indication of the transmission direction of the current slot to the UEs in the first symbol. Then, in the next symbol, the UE notifies the transmission direction of the current slot of its serving gNB’s to the neighbouring gNB(s), and/or its neighbouring gNB(s)’ transmission direction(s) to its serving gNB. After that, the interference measurement and mitigation schemes can be applied in the current slot if the transmission directions among gNBs are different. 

 
Fig. 2 Proposed slot structures for duplexing in NR
Proposal 2: Two slot structures are proposed for duplexing with dynamic TDD and non-ideal backhaul.  
5. Conclusions
In this contribution, we discussed three aspects on the duplexing if each gNB dynamically changes the transmission direction on per-slot basis, 
· Transmission direction identification 
· Cross-link interference measurement
· Cross-link interference mitigation
and gave two slot structures to incorporate the three aspects for the case of non-ideal backhaul. Then, we propose:
Proposal 1: Identification and reporting of the transmission direction in neighbouring cells should be studied in relation to duplexing in NR.
[bookmark: _GoBack]Proposal 2: Two slot structures are proposed for duplexing with dynamic TDD and non-ideal backhaul.
References
[1] Draft_Minutes_report_RAN1#87_v011. 
[2] R1-1700663, Cross-link interference mitigation for duplexing in NR, Fujitsu. 
 1 / 5

image2.emf
Transmission 

direction indication

Transmission 

direction notification

Slot2

DL control

UL control

DL data

UL data

Gap

(a) Structure 1 (b) Structure 2

Slot1

gNB indicates 

that Slot 2is UL

UE notifies transmission 

direction(s) of Slot 2to gNBs

Slot2 Slot1

gNB indicates 

that Slot 1is UL

UE notifies transmission 

direction(s) of Slot 1to gNBs


oleObject2.bin
Transmission direction indication


Transmission direction notification


Slot2


DL control


UL control


DL data


UL data


Gap


(a) Structure 1


(b) Structure 2


Slot1


gNB indicates that Slot 2 is UL


UE notifies transmission direction(s) of Slot 2 to gNBs


gNB indicates that Slot 1 is UL


UE notifies transmission direction(s) of Slot 1 to gNBs


Slot2


Slot1



image1.emf
T

r

a

n

s

m

i

s

s

i

o

n

 

d

i

r

e

c

t

i

o

n

 

i

n

d

i

c

a

t

i

o

n

 

(

g

N

B

1

)

gNB1 

(serving gNB)

T

r

a

n

s

m

i

s

s

i

o

n

 

d

i

r

e

c

t

i

o

n

 

n

o

t

i

f

i

c

a

t

i

o

n

(

g

N

B

1

)

 

gNB2 

(neighbouring 

gNB)

t

t1 t2

T

r

a

n

s

m

i

s

s

i

o

n

 

d

i

r

e

c

t

i

o

n

 

i

n

d

i

c

a

t

i

o

n

 

(

g

N

B

2

)

gNB2  (neighbouring 

gNB)

T

r

a

n

s

m

i

s

s

i

o

n

 

d

i

r

e

c

t

i

o

n

 

n

o

t

i

f

i

c

a

t

i

o

n

(

g

N

B

2

)

 

gNB1 

(serving gNB)

t

t1 t2

(a) notification of serving gNB’s 

transmission direction

(b) notification of neighbouring gNB’s 

transmission direction


oleObject1.bin
Transmission direction indication (gNB1)


gNB1 (serving gNB)


Transmission direction notification
(gNB1) 


gNB2 (neighbouring gNB)


t


t1


t2


Transmission direction indication (gNB2)


gNB2 (neighbouring gNB)


Transmission direction notification
(gNB2) 


gNB1 
(serving gNB)


t


t1


t2


(a) notification of serving gNB’s transmission direction


(b) notification of neighbouring gNB’s transmission direction



