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1. Introduction
The WID in RP-131399 mentions the following objective of the work: “The objective is to enhance LTE TDD – FDD joint operation with LTE TDD-FDD carrier aggregation feature and potentially also with other TDD-FDD joint operation solutions depending on the outcome of the initial scenario evaluation phase of the work item.” 
This contribution is focused on the case that the FDD and TDD operation takes place in different RF frequency bands. Such bands can be 2.6GHz (FDD) and 3.5GHz (TDD).
Given that a low cost UE supports only one Tx or Rx radio chain, it should be found suitable methods for multiplexing transmissions towards two eNBs and switching receptions from two eNBs, each one operating on its own frequency channel and using a different duplex mode. 

In this contribution we propose a cost-effective solution based on single UE Tx/Rx RF channels. The proposed solutions exploit the downlink-centric traffic asymmetry and the resulting low occupancy of the uplink channel. 
The solutions are suitable for both carrier aggregation and dual connectivity.
2. Traffic asymmetry

The average ratio between the DL: UL traffic can go, based on Ericsson Mobility Report ‎[2], up to 9:1 (10% overall). This means that with such asymmetry rate, and considering that the DL spectral efficiency is 1.5 better than the uplink spectral efficiency, only aprox. 15% of the uplink channel spectrum is actually used. For a less aggressive asymmetry factor, as 4:1, less than 40% of the available uplink channel is used. 
The total available average time-frequency resources in the uplink spectrum may be 85% - 60% of the uplink channel bandwidth.
3. Assumptions

The following assumptions are used in continuation regarding the UE:

· Operates in full-duplex mode

· Has 1 Tx (UL) and 1 Rx (DL) radio chain

· The switching time of the RF band is no higher than 1 ms in each direction; in a special case is considered max. 0.33ms.
· Requires no more than 6 subframes for the DL data reception from both FDD and TDD eNBs; in a special case the number of DL subframes can be increased to 8.
· FDD operation requires only a limited number of subframes for up-link transmission due to traffic asymmetry.

4. DL solution
The proposed solution is the switch of the UE such to preserve the reception of the subframes 0 and 5 in both FDD and TDD modes. For achieving this goal a special synchronization and time aligning is needed between the TDD and the FDD frames, exemplified in Fig. 1, using TDD configuration 1. 
The FDD operating frequencies are f1 for UL and f2 for DL, while the TDD uses f3.

In this figure the start of the DL TDD frame is delayed by two subframes relative to the FDD start of the frame. It is applied synchronization for subframe start.  

We switch the UE Rx between DL Tx FDD frequency and DL Tx FDD frequency, such that the subframes 0 and 5 of both FDD and TDD eNBs will be received by UE. For switching may be used an entire subframe or a part of the TDD S subframe, as explained below.
The TDD S subframes are composed by three fields: DwPTS, GP and UpPTS (see 3GPP TS 36.211). The length of DwPTS and UpPTS is given by Table 4.2-1 subject to the total length of DwPTS, GP and UpPTS being equal to
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. As for example configuration 1 the duration of DwPTS is only 19760*Ts, where Ts is given by 
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. This leaves aprox. 0.33ms for RF switching, such to use the DwPTS for DL transmissions. 
If this interval is too short for UE RF switching, it is possible to use an entire TDD or FDD subframe for switching.

[image: image3.emf]F

D

D

 

D

L

 

c

h

a

n

n

e

l  

o

n

 

f

2

D8 D9 D0 D1 D2 D3 D4 D5 D6 D7

T

D

D

 

 

c

h

a

n

n

e

l

 

o

n

 

f

3

C

o

n

f

i

g

u

r

a

t

i

o

n

 

“

1

”

D S U U D D S U U D

F

D

D

/

T

D

D

 

 

c

h

a

n

n

e

l  

o

n

 

f

2

 

a

n

d  

f

3

C

o

n

f

i

g

u

r

a

t

i

o

n

 

“

1

”

TDD

D0

TDD 

S1

FDD 

D0

FDD 

D1

TDD 

D4

TDD 

D5

TDD

S6

FDD 

D5

FDD 

D6

TDD

D9


Fig. 1 Multiplexing the FDD and TDD DL channels

It should be noted that this solution applies to both Dual Connectivity and Carrier Aggregation.

An UE can be assigned with a specific set of active FDD and TDD DL subframes, such that at the end all the available subframes may be used in the combined FDD and TDD cells.
5. UL solutions

There are two possible UL solutions:

· One based on RF switching;

· Another one based on UL multiplexing, while using a special modification of the TDD base station. In this case the usage of the UL subframes is not limited.

An UE can be assigned with a specific set of active FDD and TDD UL subframes, such that at the end all the available subframes may be used in the combined FDD and TDD cells.
a.  Solution based on UL RF switching

In this case a number of UL subframes are used for switching. An example for the combined UL frames, as shown by a specific UE, is shown in Fig. 2. It can be seen that four subframes are used for RF switching. For another UE different subframes can be considered valid.
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Fig. 2  Example of UL solution based on RF switching
A more clean way of representing this solution, with the assumption that TDD S-subframe resolves also the RF switching problems, is represented below. Note that this solution resolves also the issue of the higher time advance which may be requested by the FDD cell.

In Fig. 3 are also shown the worst HARQ delay cases, indicating a maximum delay of 8 subframes. In our view, the long configuration tables could be replaced by a relation, to be applied for each subframe, of the form:








n = 10*nf + k + d




 
where:

· k – number of the subframe in which data is transmitted, relative to the frame start; 

· d – delay in subframes for HARQ feedback; the delay is configured by higher layers;

· nf – system frame number

· n – number of the subframe in which the HARQ feedback is transmitted;
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Fig. 3  Used subframes and worst-case HARQ delays in both directions
b.  Solution based on multiplexing
A good description of this solution was provided in R1-134294‎[4]. We provide here a short summary.
The proposed solution is simply the multiplexing of the UL traffic from two eNBs in the up-link channel of the FDD paired allocation.

We assume that the TDD frame (type 2) configuration is already adapted to the asymmetrical traffic, such that is possible to multiplex it onto the uplink FDD frame. Fig. 3 reflects this solution, in the above frame shift conditions and with minimum restrictions. Note that UE transmits only on the UL FDD channel.
Due to the UE transmission using the UL FDD frequency channel, the TDD eNB should be able to receive these transmissions on the UL FDD frequency, which in practice means that the TDD base station should have the possibility to receive on the FDD UL frequency.

In case of this solution, the FDD PUCCH may extend over the TDD UL subframes in some cases. This will improve the FDD HARQ delay time and will ease the DL traffic scheduling requirements.
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Fig. 4  Exemplification of a solution based on DL switch and UL multiplexing
Note that in this case the FDD PUCCH nad TDD
6. UE Configuration 
The implementation of the above solution requires that UE will be configured with:

· The allowed subframes to be used for DL and UL operation;

· The need for frequency switch in UL (Yes/NO);
· The operational frequencies of FDD and TDD cells;
· In case of solution 2b, the suitable allocations for PUCCH; in case of Solution 2a is assumed that no PUCCH overlapping is possible.

· The subframes which are assigned for HARQ feedback.

7. Conclusions
1. In this contribution we have proposed and analyzed a number of switching/multiplexing solutions allowing 1Tx/1Rx RF chains for the implementation of FDD-TDD Carrier Aggregation and Dual Connectivity.

2. Some elements of a solution were derived:

a. A special DL synchronization between FDD and TDD, in which the FDD and TDD subframes 0 and 5 do not overlap;

b. Eventual addition within the TDD base station of a RF receive chain on the UL FDD channel.

Proposal: Consider this solution in further work of FDD/TDD joint operation.
References

[1] RP-131399 ‘Updated WID: LTE TDD-FDD joint operation including Carrier Aggregation’, Nokia Corporation
[2] Ericsson Mobility Report, November 2012.
[3] 3GPP TS 36.211

[4] R1-134294, “FDD-TDD CA/Dual Connectivity solution for different bands exploiting traffic asymmetry”, IAESI

Note: This work has been supported by the EC through FP7 project TROPIC, GA 318784

Source: Mariana Goldhamer mariana@4GCelleX.com
Page 1 of 6
1
Page 5 of 6

_1444817214.vsd
FDD/TDD  channel on f2 and f3
Configuration “1”


TDD
D0


TDD S1


FDD D0


FDD D1


TDD D4


TDD D5


TDD
S6


FDD D5


FDD D6


TDD
D9


FDD DL channel on f2


D8


D9


D0


D1


D2


D3


D4


D5


D6


D7


TDD  channel on f3
Configuration “1”


D


S


U


U


D


D


S


U


U


D



_1445057888.vsd
TDD-
PUSCH




_1445074645.vsd
TDD  on f3
Config. “1”


D0


S1


U2


U3


D4


D5


S6


U7


U8


D9


FDD/TDD on f2,f3
Config.“1”


TDD
D0


TDD S6


FDD D0


TDD S1


TDD D4


TDD D5


FDD D5


FDD D6


TDD-
UL3



UL FDD/TDD on f1,f3


FDD-
UL8




_1444828312.vsd
TDD  channel on f3
Configuration “1”


D


S


U


U


D


D


S


U


U


D


FDD/TDD  channel on f2 and f3
Configuration “1”


TDD
D0


TDD S1


FDD D0


FDD D1


TDD D4


TDD D5


TDD
S6


FDD D5


FDD D6


TDD
D9


TDD-
PUSCH




_1265176423.unknown

