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1
Introduction
Based on the traffic description in TR 36.932 ‎[1] it is “expected that the traffic could be highly asymmetrical”. In the same time it is specified that “Small cell enhancement should target the capacity per unit area (e.g. bps/km2) to be as high as possible, for a given user and small cell distribution, typical traffic types and considering a reasonable system complexity”.

In our contribution R1-130326 ‎[2] we have presented a serious prove of downlink-centric traffic asymmetry in mobile networks. We reproduce the following statement in ‎[3]:
“Depending on the popularity of different applications and terminals, the overall ratio of uplink traffic volume can vary a lot between networks. However, it can be as low as 10% in networks where there is a lot of HTTP video usage and can reach up to 25% in mobile PC-dominated networks with a lot of P2P file sharing or P-P TV usage.”

In this contribution we show how the spare FDD uplink spectrum can be used by small cells in TDD mode and provide an estimation of the resource usage increase. In the same way can be used the DL spare spectrum, in case that the traffic asymmetry at a specific location (as a stadium) is uplink centric.
In addition, it is indicated the need for the coordination between the FDD carriers and the new additional TDD carriers. 
Description of the approach

The first target is to identify the available resources in a FDD up-link channel. Two approaches are possible:
1. Time-based separation of the used and available resources (see Fig. 1);

2. Frequency-based separation of the used and available resources (see Fig. 2).
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Fig. 1 Occupied resources on the FDD UL channel – time approach
In both approaches the resources used for PUCCH will expand over the entire frame, while PUSCH allocation will differ.
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Fig. 2  Occupied resources on the FDD UL channel – frequency approach

Utilization of available resources – TDD into FDD
The straightforward way of utilizing the available time-frequency resources within the UL FDD frequency channel is the TDD mode, shown in Fig. 3 for the time-based (synchronized) and Fig. 4 for the frequency-based (unsynchronized) approach. Note than in these figures only PUCCH and PUSCH are represented in UL, the others having minor importance from p.o.v. of occupied resources, as can be scheduled in the same subframe as PUSCH.
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Fig. 3  Two TDD systems within the uplink FDD channel – time approach
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Fig. 4  Two TDD systems within the uplink FDD channel – frequency approach
Available resources within UL FDD channel
We take the following assumptions:

· Macro eNB operates in FDD mode and makes available resources on its UL channel to the SCeNBs (Small Cell eNB), to be used in TDD mode;

· UL: DL asymmetry ratio of macro eNB is K=0.2, which corresponds to a conservative asymmetry ratio of 1:5.  The spectral efficiencies for the macro cell in the urban micro environment are considered:  DLse=3.1b/s/Hz for DL and ULse=2.5b/s/Hz in uplink, which correspond to values in ‎[4].
The occupied UL FDD spectrum for a given k and assuming the same signalling overhead for DL and UL is given by:

ULused = K*DLse / ULse = 0.2*3.1/2.5=25%
Observation 1: The used BW in up-link, based on traffic asymmetry of UL : DL=1 : 5 is 25%.  
75% of the UL channel is unused!!!
For the time-domain approach in Fig. 3, we will consider the FDD PUSCH spanning over 3 subframes, while the PUCCH occupying a total of 6 PRBs will span over the rest of 7 subframes. 
The rest of 7 subframes, from which we should deduct the extreme PRBs on each side reserved for PUCCH, are a “free time-frequency resource”.

For the frequency-domain approach in Fig. 4, considering 50 PRBs in the 10MHz channel, we get 12.5 PRBs occupied. Given that the PUCCH can have higher activity due to the HARQ and reports which are related to the DL data traffic, we will extend the used PRBs to 14. From these, the extreme two PRBs on each side of the UL FDD channel will be reserved for PUCCH, while the rest, i.e. 10 PRBs will be reserved for PDSCH. The rest of 36 PRBs are in fact a “free time-frequency resource”.
Accommodating TDD channels within UL FDD channels
Given the 10MHz channel indicated in ‎[5], we will accommodate two TDD systems inside the “free time-frequency resource”. 
Time-domain approach

In the example in Fig. 3, we have considered one MeNB (Macro eNB) and two TDD systems of 5MHz. 
All the three systems in the figure are synchronized. It 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 MBSFN subframes or, even better, as not-used UL subframes.

For allowing some guard interval at the edge of the channels, the two 5MHz TDD channels do not use 2 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  Used resources, time-domain approach
	
	MeNB

FDD
	SCeNB1

TDD, 5MHz
	SCeNB2

TDD, 5MHz

	Channel BW(MHz)
	10
	5
	5

	Resource blocks/subframe
	50
	23
	23

	RBs for PUCCH, only for FDD
	2*2
	0
	0

	UL subframes
	3
	2
	2

	Spare PRBs to be used for guard-bands
	0

	PRB*Slots used for UL (TDD-2 subframes)
	178
	46
	46

	PRB*slots used for DL (TDD: 5 subframes)
	500
	115
	115

	Total PRBs
	678
	161
	161


Based on Table 2, the increase in resource usage is 47.5% relative to using the spectrum in FDD mode only.

Table 2  Resource usage, time-domain approach
	
	FDD
	FDD+TDD

	Total PRBs (for 2*10MHz)
	1000
	1000

	Used PRBs
	678
	1000

	Resource usage gain
	
	47.5%


Frequency-domain approach
We will consider that each SCeNB will use a 3MHz TDD channel. The incumbent FDD system has the reserved frequency allocations for PDCCH and for the PDSHC. There may be one or two TDD systems, each using the time-frequency resources based on Frame type 2 configuration 3 (in TS36.211 ‎[6]), as indicated in Fig. 4. 
 The downlink subframes are those noted “D”, the uplink subframes are noted “U” and the special subframe is noted “S”.

The design of the PRBs allocation for each of the FDD and TDD systems is shown in Table 3. It was considered that the three systems reserve the same PRB number in each of the 10 subframes:

Table 3  Used resources, frequency-domain approach
	
	MeNB

FDD
	SCeNB1

TDD, 3MHz
	SCeNB2

TDD, 3MHz

	Channel BW(MHz)
	10
	3
	3

	Physical resource blocks/subframe/direction
	50
	15
	15

	PRBs for PUCCH
	2*3
	2*1
	2*1

	PRBs for PUSCH
	12
	13
	13

	Spare PRBs to be used for FDD-TDD internal guard-bands
	2

	PRB*Slots used for UL (TDD:3 subframes)
	180
	45
	45

	PRB*slots used for DL (TDD: 7 subframes)
	500
	105
	105

	Total PRBs
	680
	150
	150


The resource usage in FDD only and FDD+TDD mode is given in Table 4. It results an increase in resource usage of 44% relative to using the spectrum in FDD mode only.

Table 4  Resource usage, frequency-domain approach
	
	FDD
	FDD+TDD

	Total PRBs (for 2*10MHz)
	1000
	1000

	Used PRBs
	680
	980

	Resource usage gain
	
	44%


Observation 2: The gain in resource usage is approx. 45%, equivalent with additional spectrum made available for the operation of 2*10MHz FDD systems of 7MHz net or 2*5MHz brut for the traffic asymmetry factor of DL:UL=5!

Utilisation of TDD

The UE perception of the spectrum may have slight differences between the three scenarios mentioned in ‎[5]. For simplification we show in the following figures that only one carrier is made available for TDD in each FDD UL channel, i.e. 10MHz wide in time-domain approach and 5MHz (in future 6MHz?) in frequency domain approach. However the number of TDD carriers may be double.
Scenario 1: Macro eNB and Small Cells on the same channel

Fig. 5 provides a view of the available carriers. All the TDD carriers should be synchronized between themselves.

In frequency-domain approach there is no need for synchronisation between macro eNBs and SCeNBs.
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Fig. 5   Available carriers for Scenario 1
The following explanations assume carrier-based ICIC:
A. The Macro eNB works in FDD mode;
B.  Those SCeNBs not creating interference to the Macro cell in the adjacent cells at least on one FDD channel work in FDD mode, using those FDD frequencies;
C.  Those SCeNB creating interference to Macro eNB in adjacent cells work in TDD mode on the macro cell frequency;
D. All UEs served by small cells may use carrier aggregation between:

1. FDD carriers
2. TDD carriers (synchronised)
3. Both FDD and TDD (in the future, will require FDD-TDD synchronisation).

E. The number of TDD carriers may be double relative to what is shown in Fig. 5, depending of the split of UL FDD channel.
F. Carrier-based ICIC is the preferred interference mitigation scheme for SCeNBs working in TDD mode.
Scenario 2
In Scenario 2 the MeNB and SCeNB are in different frequency bands.

The available carriers are shown in Fig. 6.

A.  It can be observed that the small cells can use 9 carriers:

· Three FDD carriers;
· At least six TDD carriers distributed along two frequency bands.
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Fig. 6 Available carriers for Scenario 2

B.  The number of TDD carriers may be double than shown in Fig. 5, depending of the split of UL FDD channel.

C.   Carrier-based ICIC is the preferred interference mitigation scheme for SCeNBs working in TDD mode.

Scenario 3

In Scenario 3 are available three FDD carriers and at least three TDD carriers. The above explanations apply also here.
General observations

Observation 3:  In all scenarios is possible the separate FDD and TDD carrier aggregation.

Observation 4: Given the high number of extra carriers, the carrier-based interference mitigation may be the preferred mechanism for ICIC.
Requirements for coordination
Given the sharing of the same uplink frequency channel by the FDD and TDD carriers, it is needed the adaptation of the spectrum resource used by the TDD carriers such avoid contentions with the FDD carriers.

While the Macro eNB usage of the UL FDD channel is more stable, being the result of the multiple user activity, the SCeNB usage of the UL FDD channel is more fluctuant, given the low number of users.

The approach which should be followed is the guaranteed minimum assignment of a number of subframes for the TDD operation. For example, one DL and one UL subframe will be enough. The unused DL TDD subframes will be marked as MBSFN, as in Relay case, such that the UEs will not use them. In uplink, with the exception of the PUCCH all the traffic is scheduled by the eNB. With regards to HARQ process, may be needed either coordination of the DL transmissions such to avoid contentions in time-domain approach or to allow delayed feedback for FDD systems.
Of course, the coordination process may request new X2 messages.

Observation 5: For optimal spectrum use, it is needed the coordination between the FDD use and the intra-carrier TDD use, by using X2 interface messages.
Regulatory aspects

As the usage by the UL FDD channel for the UE transmissions is covered already, the only problem remains the usage of the spectrum for TDD DL transmissions from the low power SCeNBs.

Based on the UE spectrum masks in 3GPP TS 36.101 ‎[8] and local area eNB masks in 3GPP TS 36.104 ‎[9], the small area eNB out-of-band emissions are 10…15dB lower than the UE out-of-band emissions.

Given that the difference in antenna gain between a UE and a SCeNB is only 5dB, it can be assumed that the SCeNB operation in TDD mode will fit into the existing regulations for OOB emissions, but may require changes in the definition of the usage of the UL FDD band.
4
Conclusion
In conclusion, we propose the following:

Proposal 1: Consider the mixed FDD/TDD use of the uplink FDD channel, which can increase the spectral efficiency up to 50% for downlink-centric traffic and up to 44% based on general resource utilization.
Proposal 2: Simulate the TDD system for carrier-based ICIC.
Proposal 3: Engage Liaison activity with RAN4 and the relevant regulatory bodies, as ECC WG FM/PT1, FCC, etc.
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