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1. Introduction
The WID in RP-130888 mentions the following objective of the work:
“Identify deployment scenarios of joint operation on FDD and TDD spectrum, and network/UE requirement to support joint FDD/TDD operation.”
This contribution analyses the scenarios from the perspective of the overlapping coverage, which is an essential condition for the joint FDD-TDD operation, and provides both UE and network requirements.
4.1.1 Deployment scenarios

The scenarios below include a mix of deployment and used frequency scenarios. The frequencies may be:

· PAIRED, normally used in FDD operation but with possibility to be used also in TDD operation;
· UNPAIRED, used for TDD operation.

The PAIRED frequencies are allocated typically in the lower areas of the RF spectrum. In some cases, like 2.5-2.6GHz, the PAIRED and UN-PAIRED frequencies are allocated in the same area of the spectrum. 

The main target for using the joint FDD-TDD operation is the increase of the user rate on PAIRED frequencies, used for providing the coverage/mobility layer, considering that TDD-based cells deployed in UN-PAIRED allocations provide the capacity layer.

As well-known the traffic is highly asymmetrical, typically being much more user traffic in DL as compared with the UL. A good reference is ‎[3], indicating based on world-wide network measurements:

“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.”

This situation indicates that the FDD spectrum is rather un-used, such that new solutions are needed for the improvement of the spectral efficiency in the relevant FDD frequency bands.
The scenarios provided in continuation are applicable in the regulatory domains allowing TDD operation within the FDD paired allocations and partially reflected in E-UTRA bands in ‎[1]. The relevant E-UTRA bands are the PCS FDD band 2 and the TDD band 35.

The solution for increased spectral efficiency is straightforward: the FDD uplink time-frequency resources not used in FDD operation should be used in TDD operation. The resources can be used in different cells which can operate independently or using the dual connectivity concept, in which the UE connects to the two cells using a TDM or Carrier Aggregation approach. 

In this scenario the lower power transmission of the TDD eNB layer has a reduced or null impact on the coexistence with FDD deployments in the adjacent bands, given the similar eNB-UE power, the much better eNB masks and the intended outdoor mounting of small eNBs at low heights.

The split between the FDD and TDD operation can be done either by using a TDM approach or the FDM approach or a combination of both. An UE may work in one of the operation modes or a combination of both. The effect of adding the un-used spectral resources is the increase of the user throughput.

4.1.1.1 Scenario 1: Small Cell TDD, Macro Cell FDD 

A scenario of interest is the case of heterogeneous networks, where the macro layer will use the FDD operation and will target coverage and high mobility, while the Small Cell layer will use the TDD operation. 

The FDD operation, generally using lower frequencies and narrower channels, may provide larger coverage, while the TDD Small Cell operation provides the capacity enhancement.

Fig. 1 illustrates this scenario:
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NOTE 1:
F1 and F2 are the carrier frequency for macro layer and local-node layer, respectively

Fig. 1 Deployment scenarios of small cell with/without macro coverage

It can be observed that the Small Cell coverage is limited, such that the FDD Macro cell shall provide coverage/ high mobility in the coverage holes. Given the fact that there is no possibility to use the TDD Small Cells in the coverage holes, the only way to increase the user throughput in the TDD coverage holes is to increase the efficiency of the FDD Macro PAIRED deployment by using in TDD mode the spectrum made available by the traffic asymmetry.

Scenario 1A:  TDD and FDD in different RF bands

Due to the relatively sparse deployment of the TDD small cells, in this scenario the benefit of FDD-TDD joint operation is non-existent or low, because if the UE operates in the coverage area of a TDD cell, it can benefit from high peak rate by the simple connection to the TDD cell. Being important to keep the PAIRED spectrum resources for users requiring coverage and mobility, the UEs served by FDD cells will be typically located in the coverage holes of the TDD network.
Scenario 1B:  TDD and FDD in the same RF band

Given the sparse deployment of the small cells, it will exist the same coverage problem as explained below.
4.1.1.2  Scenario 2 Co-located TDD and FDD 

The operation in this scenario assumes ideal backhaul between the co-located cells.

The coverage will depend of the frequency-bandwidth product, if we assume that the Tx power is the same.

If the PAIRED frequency is an ex-GSM frequency, the FDD coverage is higher than the TDD coverage.

Scenario 2A:  TDD and FDD in different RF bands

The CA is feasible due to the low latency connection but the coverage may be different between the PAIRED and UN-PAIRED frequencies. The CA will be limited to the areas in which there is overlapping coverage. In this area the user throughput may be increased anyway by using the TDD coverage and keep the PAIRED spectrum resources for users requiring better coverage and mobility.
Scenario 2B:  TDD and FDD in the same RF band

Both FDD and TDD operation enjoy the same coverage and mobility if the channel width is identical for FDD and TDD mode. The joint TDD/FDD operation in this scenario is the only way to provide increased throughput and peak rate to users not able to benefit from the TDD coverage in other RF bands. The spectral efficiency of the FDD allocation and the user traffic are highly increased.
4.1.1.3  Conclusion
The conclusion of the coverage/mobility and the possibilities to increase the user throughput are shown in Table 1.
In the heterogeneous scenario, given that the FDD frequency is used for coverage/high mobility, the joint FDD/TDD operation is not possible due to the Small Cells coverage holes in the FDD coverage area.

In the collocated scenario, different frequencies, the coverage will overlap only with some conditions related to operational frequency and channel bandwidth.

In the collocated scenario, same frequency, the collocation is possible but the FDD-TDD operation on the same channel requires network coordination.

Table 1 Comparison between deployment scenarios
	
	TDD SCell on f2, Macro FDD on f1

f1 ≠ f2
	TDD SCell on f2, Macro FDD on f1

f2 = f1_uplink
	Collocated TDD-FDD
(Macro or SCell)
f1 ≠ f2
	Collocated TDD-FDD

(Macro or SCell)

f2 = f1_uplink

	
	
	
	
	

	Same coverage/mobility
	N.A.
	N.A.
	Possible only if

 f1*BW1 < f2*BW2 +Margin
	Possible with coordination

	Carrier Aggregation
	N.A.
	N.A.
	Possible if the FDD/TDD coverage
overlaps
	Possible with coordination

	Dual connectivity
	Possible
	Possible
	Possible
	Possible


4.1.3 Carrier frequency related assumptions
4.1.3.1 Examples of channel plans 

Scenarios 1B, 2B: FDD and TDD in the same RF band

The width of the TDD channels may be identical with the width of the FDD channel or a multiple of it. 

Examples for the possible FDD/TDD channel plans when the Operator spectrum is composed of three FDD channels are shown in Fig. 2, while case of FDD pair number of channels is illustrated in Fig.3.

In these examples the different options show the TDD channel width equal with one, two, three or four FDD channel widths.
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Fig. 2  Channel plans for joint FDD-TDD operation in paired bands, impaired number of FDD channels, TDM split
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Fig. 3 Channel plans for joint FDD-TDD operation in paired bands, paired number of FDD channels, TDM split

For the case of FDM split between FDD and TDD usage, the channel band of the UL FDD frequency channel may be divided between FDD usage and TDD usage, an example of the channel plan being shown in Fig. 4.
In this example the un-used subbands of the FDD up-link channel are used for the TDD channel.
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Fig. 4  Channel plans for joint FDD-TDD operation in paired bands, FDM split

.
4.2.1  Requirements
4.2.1.1 Terminal requirements
A general requirement is the avoidance of simultaneous operation of the UE in Tx and Rx modes, which will degrade the receive sensitivity levels due to Tx spurious. 
UEs operating in Scenarios 1A and 2A require separate RF chains for FDD and TDD.

The RF complexity of UEs operating in Scenario 1B and 2B is reduced, as the same frequency band is used for both FDD and TDD operation. Relative to the FDD UE, it is required an additional RF Receiver chain, being no need for an additional RF Tx chain, as is the case in the regular CA scenario, where the FDD and then TDD operation takes place in different RF bands.

4.2.1.2 Network requirements

4.2.1.2.1 Synchronization

The FDD and TDD operation shall be synchronized at subframe level.

The TDD operation shall follow the synchronization rules established in 3GPP standards.

4.2.1.2.2 Requirements for operation on the same RF frequency

The eNBs shall coordinate in a distributed or centralized mode the resource allocation to FDD and TDD operation.
TDM separation between the TDD and FDD operation should be enforced and coordinated over the network. When not possible, the FDM separation shall be used or coordination with ABS planning shall be used. 
2. Conclusions

1. In the heterogeneous scenario, given that the FDD frequency is used for coverage/high mobility, the joint FDD/TDD operation is not possible due to the Small Cells coverage holes in the FDD coverage area.

2. In the collocated scenario, different frequencies, the coverage will overlap only with some conditions related to operational frequency and channel bandwidth.

3. In the collocated scenario, same frequency, the collocation is possible but the FDD-TDD operation on the same channel requires network coordination.

4. The FDD-TDD operation on the same channel requires inter-cell coordination and separation, preferably in time, between the resources allocated to TDD and FDD operation.
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