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1 Introduction
At the 3GPP TSG RAN #60 meeting a new WI “LTE TDD – FDD Joint Operation” was agreed to start study and specify solutions to enhance LTE TDD – FDD joint operation depending on the outcome of the initial scenario evaluation phase of the work item. This email discussion is to kickoff discussion on RAN reflector to be focused on scenarios and requirements part. Inputs for solution aspects are also encouraged. 
2 Detailed input from each company and possible proposal
Scenarios
Deployment scenarios
Please note the inputs here correspond to section 4.1.1 in TR36.847. Companies are encouraged to provide inputs to interested deployment scenarios for TDD and FDD joint operations. For example: CA scenarios 1,2,3,4, small cell scenarios or Macro TDD and Macro FDD scenario
Possible proposals:
Major proposals for deployment scenarios would be from CA scenarios 1,2,3,4 and some of the small cells. Further discussion is needed for details. 

Some of the proposals for new scenarios as follows:

· IAESI proposed a method to increase the user throughput, but the spectral efficiency of each of the used bands is un-changed by using time-frequency resources belonging to the uplink FDD channel.

· KDDI proposed to consider a joint operation of TDD and FDD to achieve global harmonization of frequency bands irrespective of duplex mode.

Discussion/Company comments:
[IAESI]
4.1.1 Deployment scenarios

Scenario 1 Small Cell TDD, Macro Cell or Small Cell FDD 

A scenario of interest is the case of heterogeneous networks, where the macro layer will use the FDD operation, 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.
The joint FDD-TDD operation may use different RF bands or can use time-frequency resources belonging to the uplink FDD channel.
Scenario 1A:  TDD and FDD in different RF bands

t.b.c.

It should be noted that solutions under this scenario increase the user throughput, but the spectral efficiency of each of the used bands is un-changed.

Scenario 1B:  TDD and FDD in the same RF band

A possible scenario for the increased spectral efficiency of the FDD allocations is presented below. 

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 [2], 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 (as allowed in US and in some European bands under the WAPECS approach). More details regarding the US regulations are provided in Annex 1.

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. 
More details are provided in section 3.4.

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. If these modes are supported within the same UE, the transmit and receive operation of the UE shall be separated in time. The user throughput can be increased based on:

- TDD operation and FDD operation in separate cells, with significantly higher combined resource availability for the downlink-centric user traffic;
- Carrier Aggregation, with the same restrictions as shown above.
Scenario 2 Co-located TDD and FDD 

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

Scenario 2A:  TDD and FDD in different RF bands

t.b.c.

It should be noted that solutions under this scenario increase the user throughput, but the spectral efficiency of each of the used bands is un-changed.

Scenario 2B:  TDD and FDD in the same RF band

This scenario favors FDD-TDD Carrier Aggregation for increasing the user throughput within the same frequency resource. The spectral efficiency of the FDD allocation is highly increased.
[ZTE]

Scenario 1: macro cell is FDD, small cell is TDD and they are connected via non-ideal backhaul

This scenario applies most likely for FDD operator who deploy FDD at first and then to add TDD small cell to improve capacity e.g. by setting up hotspot. Of course both FDD macro cell and TDD small cell can be deployed together from very beginning. 

Scenario 2: macro cell is TDD, small cell is FDD and they are connected via non-ideal backhaul

This scenario applies for TDD operators who deploy TDD at first and then add FDD small cell to improve capacity. The FDD spectrum could be new frequency resource i.e. it hasn’t been put into use in existing TDD network. Note, in future TDD cell could also have a wider coverage e.g. band 44.

Scenario 3: macro cells are both FDD and TDD and they are connected via non-ideal backhaul

This scenario applies for TDD operators who deploy TDD at first and then add FDD macro cell to improve capacity and coverage. The FDD frequency could be re-farmed from existing 2/3G network e.g. GSM. It is possible that TDD network has already deployed R12 small cell features for the TDD mode.

Scenario 4: macro cells are both FDD and TDD and they are connected via an open interface e.g. X2 with ideal backhaul

This scenario applies for TDD operators who deploy TDD at first and then add FDD macro cell to improve capacity and coverage. The FDD frequency could be re-farmed from existing 2/3G network e.g. GSM. They may be located within same site but have to be connected via open interface because of multi-vendor issue.

[CMCC] we think IAESI proposed deployment scenarios can be merged into solution section. 
The possible deployment scenarios consists of the following ones,
· Co-located cells

· CA scenarios 1,2 3

· Non-co-located cells

· Small cell scenarios

· CA scenario 4

· Macro TDD and Macro FDD scenario
[KDDI] 

We think the possible deployment scenarios are as follows

· a) CA scenarios 1,2,3

· b) Macro + small cells with ideal backhaul (CA scenario 4)

· c) Macro + small cells with non-ideal backhaul (SCE scenario 2)
For b) and c), FDD macro + TDD small cells is our prioritized scenario.

On top of the CA scenarios above, we would like to consider a joint operation of TDD and FDD to achieve global harmonization of frequency bands irrespective of duplex mode. More concretely, a mechanism to provide TDD band for FDD UEs and vice versa on top of CA should be considered to realize global harmonization of frequency bands.
If a frequency carrier is operated as TDD, it is impossible for legacy UEs not supporting TDD to receive standalone service from this carrier. However if UEs are capable of overlapping FDD band, there would be a possibility to receive DL (or UL) service of TDD from RF perspective. It is highly desired for us to provide our services for UEs as many as possible. More concrete example is given as in Fig. sss, namely:
· Frequency X is primarily operated as TDD carrier (Band 41). On the other hand, another carrier (Band 1) is operated simultaneously (as in Fig. sss).
· TDD UEs: directly camp on band 41.
· FDD UEs capable of Band 1 and 7: camp on Band 1 as Pcell and attach Frequency X as Band 7 without UL, i.e. receive DL only service from Frequency X.
· Dual mode UEs capable of Band 1 and 41: camp on Band 1 as Pcell and attach Frequency X as Band 41 with both DL and UL, or directly camp on Band 41 as Pcell.
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Fig.sss Use case of multi-band supporting both duplex modes
[Orange]

For macro deployment, Orange recommend to refer to existing scenarios that have been considered in previous RAN1 work. Orange preferred scenarios are CA scenarios 1,2,3,4 as defined in TS36.300. 

Scenario 1 and 2 P1, Scenarios 3.4 are P2.

	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario is when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image2.emf]F1 F2



	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to improve throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {2,6, 3.7 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image3.emf]

	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {2,6, 3.7 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
	
[image: image4.emf]

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {2,6, 3.7 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	
[image: image5.emf]


For Small cells deployment Orange propose to consider:

5-Macro FDD + Small cell TDD as priority 1

6-Macro (FDD+TDD) + Small cell TDD as P2
7-Macro (FDD+TDD) + Small cell (FDD+TDD) as P2

Backhaul assumptions
Please note the inputs here correspond to section 4.1.2 in TR36.847. Companies are encouraged to provide inputs to the definitions of backhaul assumption for deployment scenarios, For example, Candidate backhaul condition as described in [TR36.932].

Possible proposals:
Backhaul assumptions as described in TR36.932 can be considered. And Orange propose to give higher priotity to non-ideal backhaul for inter-site Macro.

Discussion/Company comments:
[ZTE]

There is no special requirement in terms of backhaul condition compared to joint operation between carriers of same mode i.e. candidate backhaul in section 6.1.3 of 36.932 could be also applied

[CMCC] Candidate backhaul condition as described in [TR36.932].
Both ideal backhaul (i.e., very high throughput and very low latency backhaul such as dedicated point-to-point connection using optical fiber, LOS microwave) and non-ideal backhaul (i.e., typical backhaul widely used in the market such as xDSL, NLOS microwave, and other backhauls like relaying) should be studied. The performance-cost trade-off should be taken into account.
A categorization of non-ideal backhaul based on operator inputs is listed in Table X.X-1:
Table X.X-1: Categorization of non-ideal backhaul

	#
	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	1
	Fiber Access 1 
	10-30ms 
	10M-10Gbps
	1

	2
	Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	3
	DSL Access
	15-60ms
	10-100 Mbps
	1

	4
	Cable 
	25-35ms
	10-100 Mbps
	2

	5
	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1


A categorization of good to ideal backhaul based on operator inputs is listed in Table X.X-2:
Table X.X-2: Categorization of good to ideal backhaul

	#
	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	1
	Fiber
	2-5ms
	50M-10Gbps
	1


[Orange]
Priority 1: consideration of non-ideal backhaul for inter-site Macro.
Carrier frequency related assumptions
Please note the inputs here correspond to section 4.1.3 in TR36.847. Companies are encouraged to provide inputs for LTE carrier plans for TDD and FDD joint operation. 
Possible proposals:

The following has been proposed for studies
· TDD and FDD band overlap

· TDD and FDD band non-overlap
· Carrier frequency of TDD is far away enough from FDD carrier frequencies 
· Carrier frequency of TDD is near the UL band of FDD

· Carrier frequency of TDD is near the DL band of FDD

· Carrier frequency of TDD locates between the UL band and DL band of FDD
There are also some inputs for the detailed carrier frequency for example as follows.
Discussion/Company comments:
[IAESI]
4.1.3.1 Examples of channel plans 

Scenario 1A, 2A: FDD and TDD in different RF bands
t.b.c.

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

This scenario is suitable for all operators using FDD legacy bands, which enjoy technology independent regulations (see Annex 1 for US).

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. xx, while case of FDD pair number of channels is shown in Fig.xxx.

In these examples the different options show TDD channel width equal with one, two, three or four FDD channel widths.

[image: image6.emf]FDD UL

Ch.1

FDD UL

Ch.2

FDD UL

Ch.3

TDD

TDM sharing, 

Option 1

FDD, impair 

number of 

channels

TDD

Ch. 1

TDD

Ch. 2

TDD

Ch.3

TDD Ch. 1

TDD

TDM sharing, 

Option 2

Operator’s UL channels

FDD DL

Ch.1

FDD DL

Ch.2

FDD DL

Ch.3

Operator’s DL channels


Fig. xx Channel plans for joint FDD-TDD operation in paired bands, impaired number of FDD channels, TDM split
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Fig. xxx 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.yy

In this example the un-used subbands of the FDD up-link channel are used for the TDD channel.
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Fig. yy Channel plans for joint FDD-TDD operation in paired bands, FDM split
[ZTE]

There should be no limitation on combination of FDD and TDD bands and frequencies. 

[CMCC] :
Based on the separation between TDD band and FDD band, the following scenarios can be envisioned, which may lead to different resource utilization efficiency and different designs from terminal perspective.
· Scenario 1: Carrier frequency of TDD is far away enough from FDD carrier frequencies, no matter UL or DL, as shown in Fig.xx. In this way, these two modes can operate without interference from each other, as long as the terminals support TDD and FDD joint operation. Thus full duplex operation can be supported in this case, which means DL or UL transmission in FDD can happen simultaneously with UL or DL in TDD.
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Fig. xx Carrier frequency of TDD is far away enough from FDD band
· Scenario 2: Carrier frequency of TDD is near the UL band of FDD, as shown in Fig.yy. That is 
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. If no duplexer is applied between TDD and FDD UL band, or any other interference cancellation schemes are adopted, serious interference may prevent simultaneous transmission of FDD UL and TDD DL in one subframe.
[image: image11.emf]UL DL
f TDD FDD FDD

narrow frequency seperation









f

FDD

UL

f

FDD

DL

f

TDD


Fig.yy Carrier frequency of TDD is near the UL band of FDD
· Scenario 3: Carrier frequency of TDD is near the DL band of FDD, as shown in Fig.zz, where 
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Fig.zz Carrier frequency of TDD is near the DL band of FDD
· Scenario 4: carrier frequency of TDD locates between the UL band and DL band of FDD, as shown in Fig.ww. And if no duplexer is applied between TDD and FDD UL band, or any other interference cancellation schemes are adopted, both DL and UL transmission of either TDD or FDD can be interfered with each other. 
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Fig.ww carrier frequency of TDD locates between the UL band and DL band of FDD
[KDDI]

The example overlapped TDD-FDD bands is listed in Fig. rrr. These bands are considered as example frequency bands to provide TDD band for FDD UEs and vice versa.
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Fig.rrr Examples of overlapping bands between FDD and TDD
[Orange]
Combinations of the following bands are of interest:

Priority 1 combinations: 

FDD Bands: Band 20 (800Mhz), 3 (1800MHz), 7 (2600MHz) combined with TDD bands: Band 40 (2.3GHz), 38 (2.6GHz) and 43 (3.7GHz)

Priority 2 combinations: 

FDD Bands: Band 20, 3, 7 combined with TDD band 33 (1900-1920Mhz) and band 34 (2010-2025Mhz)

Requirements
Prerequisite of TDD/FDD joint operation

Please note the inputs here correspond to section 4.2.1 in TR36.847. Companies are encouraged to provide any general requirements for TDD and FDD joint operation. 

Possible proposals:

The following has been proposed from terminal, scenario aspects as attached. Further discussion is needed.
Discussion/Company comments:
[CMCC]
UEs supporting FDD and TDD joint operation shall be able to access both legacy FDD and legacy TDD single mode carriers.
Legacy FDD UEs and UEs supporting FDD and TDD joint operation may camp on and connect the FDD carrier, which is part of the jointly operated FDD/TDD network.
Legacy TDD UEs and UEs supporting FDD and TDD joint operation may camp on and connect the TDD carrier, which is part of the jointly operated FDD/TDD network.
[KDDI]
On top of stand-alone operation for FDD/TDD proposed by CMCC, 

· FDD UEs can receive UL or DL service from TDD band overlapping FDD band(s) supported by the UEs
· TDD UEs can receive UL or DL service from FDD band overlapping TDD band(s) supported by the UEs
[Orange]

Highest priority scenario for Orange is where FDD band provides sufficient coverage and TDD band is used to improve throughput. Considering this, mobility is performed based on FDD band coverage. Of course this doesn’t preclude other scenarios to be considered

Terminal requirements
Please note the inputs here correspond to section 4.2.2 in TR36.847. Companies are encouraged to provide any input for terminal requirements, e.g., CA capability? UL 2-Tx? and other necessary inputs which would be beneficial to identify different kind of terminals supporting TDD and FDD joint operation.
Possible Proposals:

Different proposals propose to support different UE behaviors, e.g.,

· UE should be able to use FDD spectrum in DL and UL simultaneously
· UE is not able to able to have dual RF receive chain but only one RF Tx chain.
· single-uplink transmission and multiple -downlink reception in one subframe
As a summary, from RF perspective, the differences mainly come from the number of Tx and Rx band, like
· Type 1 (1TX,1RX): single-uplink transmission and single-downlink reception in one subframe,
· Type 2 (1TX,2RX): single-uplink transmission and multiple -downlink reception in one subframe, 
· Type 3 (2TX,2RX): multiple-uplink transmission and multiple -downlink reception in one subframe, 
Discussion/Company comments:
[IAESI]
A general requirement is the avoidance of simultaneous operation of the UE in both 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 needed only an additional RF Receiver chain, being no need for 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.
[ZTE]

3 kinds of UE should be supported as flowing :

Type1: single RX/TX i.e. it can only transmit and receive signal of one mode at one time. It also works between FDD and TDD via e.g. TDM manner

Type2: dual RX and one TX i.e. it can receive TDD/FDD signal simultaneously but can only transmit in one mode at one time

Type3: dual RX/TX i.e. it can transmit and receive signal of both FDD and TDD mode

Note: for type1 UE, one of the usage is to connected only with one mode e.g. TDD small cell while this TDD small cell can connect to a FDD macro cell for anchor. Such implementation could also be interpreted as FDD TDD joint operation.

[CMCC] The following aspects can be considered, the minimum UE capability should be 
· Type 1 (1TX,1RX): single-uplink transmission and single-downlink reception in one subframe,
while additional requirements, e.g., 
· Type 2 (1TX,2RX): single-uplink transmission and multiple -downlink reception in one subframe, 
· Type 3 (2TX,2RX): multiple-uplink transmission and multiple -downlink reception in one subframe, 
can also be considered for more advanced operation with additional specification impact.
[Orange]

UE should support FDD-TDD CA capability for the proposed bands. 

Intra device interference between FDD and TDD bands should be leveraged provided the simultaneous use of both FDD and TDD spectrum (e.g: Band 7 and Band 38)

The UE should be able to use FDD spectrum in DL and UL simultaneously during FDD-TDD CA operation.

Performance requirements
Please note the inputs here correspond to section 4.2.3 in TR36.847. Companies are encouraged to provide input for performance requirements for TDD and FDD joint operation. For example, Peak data rate, network capacity, Mobility performance (TBD), Coverage performance and etc.
Possible Proposals:

The following aspects can be considered, 
· Peak data rate

· Load balance
· Network capacity

· Cell edge throughput

· Mobility

· Coverage 
Orange proposed that possibilities for Inter-band synchronisation between FDD and TDD should be studied and impact on TDD-FDD joint operation is to be evaluated

Discussion/Company comments:

[ZTE]
The main performance metrics is user throughput for FDD TDD joint operation. However some other aspects should be also considered such as mobility robustness as well as signalling overhead for scenario1 and scenario2.

[CMCC]
Based on the benefit while introducing TDD/FDD joint operation solution, the following aspects can be considered, 
· Peak data rate

· Load balance
· Coverage performance
[Orange]

FDD-TDD joint operation Impact (Gain or degradation) on Peak data rate, network capacity, cell edge throughput, Load balancing, mobility and coverage should be evaluated
Possibilities for Inter-band synchronisation between FDD and TDD should be studied and impact on TDD-FDD joint operation is to be evaluated

Definition of possible use cases
Use cases for TDD and FDD joint operation
Please note the inputs here correspond to section 4.3 in TR36.847. Companies are encouraged to provide input for use case for TDD and FDD joint operation. The use case is considered as a combination of deployment scenarios, backhaul assumptions, terminal requirements, performance requirements and other useful information.
Discussion/Company comments:

IAESI starts
	#
	Scenarios
	Descriptions

	Case 1
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	Heterogeneous network: Macro FDD, small cell TDD.
Deployment Scenario 1A.

Dual connectivity.
f1 is the carrier frequency of FDD operation, f2 is the carrier frequency of TDD operation.
UE is likely to use the operation mode (TDD or FDD) providing more DL throughput.


	Case 2
	
[image: image22.emf]Macro

UE

FDD (f1_DL, f1_UL)

TDD(f1_UL)

Small Cell


	Heterogeneous network: Macro FDD, small cell TDD.

Deployment Scenario 1B.

Dual connectivity.

f1 is the carrier frequency of FDD operation, f1_UL is the carrier frequency of TDD operation.
UE is likely to use the operation mode (TDD or FDD) providing more DL throughput


	Case 3
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	Co-located TDD and FDD deployment, Scenario 2A
CA scenario 1,2,3

Ideal backhaul between TDD carrier and FDD cells.

f1 is the carrier frequency of FDD spectrum, f2 is the carrier frequency of TDD spectrum.

UE is likely to connect to both carriers in order to increase downlink user data rate.



	Case 4
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	Co-located TDD and FDD deployment, Scenario 2B
CA scenario 1,2,3

Ideal backhaul between TDD cell and FDD cell.
f1 is the carrier frequency of FDD operation, f1_UL is the carrier frequency of TDD operation.
UE is likely to connect to both carriers in order to increase downlink user data rate.




[ZTE]
The combinations of 4 scenarios+ 3 UE types.

[CMCC]

	#
	Use Case
	Descriptions

	
	
	Scenarios
	Backhaul
	eNB (minimum) requirement
	UE(minimum)  requirement
	Performance
Requirement
	Comments

	Case 1a
Ideal BH,

for peak data rate
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	CA scenario 1, 2, 3, 4

	Ideal BH type 1
	BB: CA
RF: 2Tx-channel, 2Rx-channel
	Type 2 as defined in section 3.2
	Increase user peak data rate
	

	Case 1b
Ideal BH,

for load balancing
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	CA scenario 1, 2, 3, 4

	Ideal BH type 1
	BB:non-CA
RF: 1Tx-channel, 1Rx-channel
	Type 2 as defined in section 3.2

	Load balance
	The UEs are dynamically assigned to mode 1 cell or mode 2 cell according to the traffic load information.
Time scale of dynamic selection is FFS.

	Case 2a
Non-ideal BH, 

for peak data rate
	
[image: image27.emf]Mode 1 Cell

Mode 2 Cell

Mode 1 Data

Mode 2 Data


	SCE scenario 2a, 2b, 3
Macro TDD+Macro FDD
	Non-ideal BH type 1,3,5
	BB: non-CA
RF: 1Tx-channel, 1Rx-channel
	Type 3 as defined in section 3.2
	Increase user peak data rate
	Whether peak data rate can be achieved for UE requirements type 2 is FFS.

	Case 2b
Non-ideal BH,

for
load balancing
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	SCE scenario 2a, 2b, 3
Macro TDD+Macro FDD
	Non-ideal BH type 1,3,5
	BB: non-CA
RF: 1Tx-channel, 1Rx-channel
	Type 2 as defined in section 3.2

	Load balance
	The UEs are dynamically assigned to mode 1 cell or mode 2 cell according to the load traffic.


	Case 3*: 

High latency BH, 

for
service switch/

return
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	SCE scenario 2a, 2b, 3
Macro TDD+Macro FDD
	Non-ideal BH type 3 (others FFS)
	BB: non-CA
RF: 1Tx-channel, 1Rx-channel
	Type 1 as defined in section 3.2

	Load balance
	The UE is able to fast switch/return between different services/nodes .



*Note: Considering various categories and configurations of nodes in the forthcoming networks, it is highly possible that multiple nodes provide services with different QoS. For example, the macro eNB might be good at fulfilling the requirements of voice services, while some small cell nodes are deployed for handling the delay-tolerant data traffics. If the backhauls among these inter-layer nodes are of extremely large latency, and UEs do not support uplink and downlink CA, fast switch and return mechanisms are required to ensure the quality of user experience with seamless switching among different services. Meanwhile, from migration perspective, macro cell and small cell might maintain from different vendors, which seems to be a challenge from interoperability perspective.

Potential TDD/FDD joint operation solutions
Solutions
Please note that the inputs here correspond to section 5 in TR36.847. Companies are encouraged to provide solutions for TDD and FDD joint operation solutions. Each company provide input to this section is recommended to target the specific use case which are proposed in section 3.3 in this email discussion paper. The solution can consider the existing solutions which have been discussed in this WI or any other WI/SI in order to be aware of the relationship between the outcome of this WI and other WI/SIs clear, such as CA solution in WID( RP-130888), small cell higher-layer SI and so on.
Further discussion in RAN1#74 may further identify possible solutions, evaluate feasibility, potential gains. Therefore, early inputs before RAN1#74 for solution aspects are encouraged.

Discussion/Company comments:
[IAESI]
The solutions used for Scenarios 1A and 2A are also suitable for Scenarios 1B and 2B, with the difference that the RF solution is simplified, given that only one frequency band is used.

[ZTE]

For scenario1 and scenario2, most likely what have been discussed in current SI “small cell higher layer” could be applied. For scenario3 and scenario4, some new solution may be needed considering joint operation of homogenous network is not discussed yet.

3 References
[1] RP-130888, New WI: LTE TDD – FDD Joint Operation, Nokia Corporation
[2] Ericsson Mobility Report, November 2012
[3] 3GPP, TR 36.815, LTE-Advanced feasibility studies in RAN WG4, (Release 9)
[4] 3GPP, TR 36.823, Carrier Aggregation Enhancements; UE and BS radio transmission and reception

 (Release 11)

Annex 1 – US FCC regulations for FDD bands

The text below provides the relevant FCC ruling for the use of up-link FDD “mobile channel” by base station transmitters (base transmitters).

The “fixed receivers” mentioned below are not base stations, but rather TV receivers which may operate on some historical bands.

1. § 22.567   Technical channel assignment criteria.
……
 
(h) Assignment of mobile channels to base or fixed transmitters. Mobile channels may be assigned to base or fixed transmitters if the following criteria are met:
(1) The paired base channel, as designated in § 22.561, is assigned to base transmitters in the same geographical area operated by the same licensee.
(2) The authorization is granted subject to the condition that no interference be caused to fixed receivers in use on or prior to the date of the grant.
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