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1. Introduction
The WID in RP-130888 mentions the following objective of the work:
“Based on the identified deployment scenarios and network/UE requirements, identify possible other solutions  for FDD-TDD joint operation for example multi-stream aggregation and dual-mode UE supporting simultaneous operation on both modes in addition to LTE TDD-FDD carrier aggregation.”
This contribution is focused on the case that the FDD and TDD operation is allowed by the radio regulations in the same RF frequency band. Such bands can be found in ‎[1], for example:

· Band 2 FDD: 1850 MHz -1910MHz uplink, 1930MHz -1990 MHz downlink.
· Band 35 TDD: 1850 MHz -1910MHz, uplink and downlink.

The description of the Scenarios was provided in the companion contribution R1-133789 [1].
2. Proposed text
3.4 Potential TDD/FDD joint operation solutions
The Dual Connectivity or Carrier Aggregation is well suitable for the joint FDD-TDD operation when using the paired allocations for both modes. Considering the typical downlink-centric traffic asymmetry, results that the downlink frequency channel is used in FDD mode, while the uplink frequency channel is shared between FDD and TDD as shown in Fig. 1.

A number of contentions can possibly appear and create in-device coexistence problems, as shown in Fig. 1:
1. Contention between the TDD PDSCH Rx and FDD Tx of PUCCH in subframes not containing PUSCH;
2. Contention between TDD Tx of PUSCH and FDD Tx of PUCCH.
The following solutions can be used for avoiding in-device coexistence problems.
Solution 1: A specific UE operates in a frame either in FDD or TDD mode, being alternatively connected to FDD or TDD cells.

Solution 2: A specific UE operates alternatively in FDD mode and in TDD mode in the same frame, such that there is no in-device overlapping between Tx and Rx:
· PDSCH, transmitted only in TDD mode, is separated in time from the PUSCH for FDD/TDD and is transmitted for UEs operating in TDD modes only in subframes which allow the transmission of the PUCCH within subframes where the PUSCH is scheduled.
· The operation of PUCCH for the FDD mode is restricted, by proper scheduling of the DL traffic intended to a specific UE, to subframes in which the PUSCH is scheduled.
3.5   Network-level coexistence

[image: image1.emf]S=9

FDD-PUSCH

FDD-

PUCCH

U

L

 

c

h

a

n

n

e

l

 

B

W

S

U U

D D D

T

D

D

 

c

e

l

l

D

TDD UPLINK

TDD DL

TDD Special

D

L

 

(

F

D

D

)

 

c

h

a

n

n

e

l

 

B

W

S=0 S=1 S=2 S=3 S=4 S=5

S=6 S=7 S=8

 
Fig. 1 Contentions with TDM separation between FDD and TDD on the uplink channel
The possible issues at network level are shown in Fig.1. 
The solutions are:

· For contentions between PUCCH in TDD and FDD operation: allocation of different resources in frequency domain;

· For interference of the DL TDD transmissions into UL FDD reception: separation in time and network synchronisation;

· For interference of the UL FDD PUSCH transmissions into DL TDD reception: separation in time and network synchronisation;

· For interference of the FDD PUCCH into TDD DL or UL reception: separation in frequency and if needed, use of a guard-band of one or more PRBs; note that all the in-device problems have to be resolved first, as indicated above. 

All these solutions require FDD-TDD coordinated resource allocation.

Resource utilisation gain in Scenarios 1B, 2B

Considering the TDM solution for splitting the TDD/FDD operation and the standards change such to fix the analysed contentions, is possible to compute the additional resource availability in the same paired channel for DL user throughput.
For the TDD system was applied the DL-UL configuration 4 in TS 36.211 ‎[6]. During the overlapping with the FDD UL, the TDD system should be silent and reserve the subframes as not-used UL subframes.

For allowing some guard interval at the edge of the channels, the TDD system does not use 4 PRBs at each 10MHz channel end. The use of the PRBs is presented in Table 1, while the computation of the increased PRB utilization is done in Table 2.

Table 1  Usable resources, TDM TDD/FDD separation, TDM dual connectivity
	
	FDD
	TDD
	FDD+TDD



	Channel BW(MHz)
	10
	10
	10

	Resource blocks/subframe
	50
	46
	

	RBs for PUCCH, only for FDD
	2*2
	0
	

	UL subframes
	3
	2
	5

	DL subframes
	10
	5
	15

	PRB*Slots used for UL (TDD-2 subframes)
	178
	92
	270

	PRB*slots used for DL (TDD: 5 subframes)
	500
	230
	730

	Gain on DL PRBs
	
	
	46%


Based on Table 2, the increase in resource usage for downlink user throughput is 46% relative to using the spectrum in FDD mode only.

1. Conclusions
2. The FDD uplink and TDD downlink and uplink operation within the same frequency channel is feasible if inter-eNB coordination is applied.

3. The FDD-TDD joint operation has the potential of increasing the downlink resource availability in paired bands with almost 50%.
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