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Discussion
1.
Introduction
It is the objective of the new R12 WI on LTE TDD-FDD joint operation to enhance integration of LTE FDD and TDD radio access. The primary objective of the WI is TDD-FDD joint operation when using carrier aggregation. Other TDD-FDD joint operation solutions, if any, may be added to the WI itself or in separate WI’s [1] depending on the outcome of the initial scenario evaluation phase of the WI.  
In this contribution, we discuss our views on deployment scenarios and network/UE requirements to support TDD-FDD joint operation.
2
Deployment scenarios and network/UE requirements
The need for increased aggregated bandwidth is a clear trend to improve user throughput and site capacity. Existing and future LTE spectrum allocations will result in that many operators will have access to both FDD and TDD band allocations, i.e. much more often than this was the case with 3G radio access. Allowing for carrier aggregation on FDD and TDD LTE bands simultaneously is of great importance in order to avoid fragmentation of spectrum use. The possibility to implement and test common FDD and TDD modem platforms is a significant strength of LTE radio access.
Currently, about half of the LTE TDD networks are currently deployed together with FDD networks. When summarizing actual LTE FDD deployment statistics,

· More than 40% of deployed LTE FDD networks use Band 3 (1800MHz),

· More than 30% use Band 7 (2600 MHz)
· More than 20% use Bands 12/13/14/17/20 (700/800 MHz)
· Some 10% use Band 4 (2100/1700 MHz)

The largest allocated TDD bands are Band 40 (2.3 GHz) and Band 38 (2.6 GHz). Band 41 (2.5/2.6 GHz) should be considered of most immediate interest when considering actual TDD deployments. In addition, LTE TDD networks in Bands 42 and 43 (3.5/3.6 GHz) will be of significant deployment interest in the near-term future.
In our view, TDD-FDD joint operation is clearly beneficial when considering Macro FDD + Macro TDD aggregation as a first deployment scenario in the view of existing spectrum allocations, i.e. when excluding Band 42 and 43 (3.5/3.6 GHz band).

However, in our view first priority should be given to efficiently support aggregation of Macro FDD in Band 3 (1800 MHz) or the 700/800 MHz bands + Small Cell TDD in Band 42 and 43 (3.5/3.6 GHz). This is warranted because of the significant traffic uptake expected from the arrival of large scale Small Cell deployments and the number of operators that can likely benefit from TDD-FDD joint operation. 
Recommendation 1:
First priority should be given to support TDD-FDD joint operation with aggregation of Macro FDD (Band 3 or the 700/800 MHz bands) + Small Cell TDD (Bands 42/43). Second priority should be given to support aggregation of Macro FDD + Macro TDD.
Furthermore, dual-mode FDD/TDD UE implementations are more easily in reach in presence of large frequency separations when simultaneous Tx/Rx on dual bands is to be supported.

In particular for UE dual-mode FDD/TDD implementations, the practical necessities of antenna and RF front-end design will result in separate RF’s and Tx antenna paths for FDD 2 GHz and below operating frequencies together with TDD 3.5/3.6 GHz.
It is one consequence that from the UE perspective, carrier aggregation using 2 DL:2 UL can be more easily assumed for the Macro FDD + Small Cell TDD deployment case which has the potential to much simplify protocol operation in this first step of TDD-FDD carrier aggregation. Introduction of FDD/TDD carrier aggregation using the well-established principles of a single configured PCell augmented by SCell(s) should result in minimal changes compared to the existing carrier aggregation feature. Equal priority should be given to support the TDD PCell vs. FDD PCell scenarios.

Introduction of TDD-FDD joint operation using a single UL in 2DL:1UL configuration should be seen as a second step. Here, the single UL is configured to be the PCell UL frequency like in R10 carrier aggregation. No intermittently or fast time-switched UL should be assumed. TDD-FDD joint operation using a single UL would allow for improved UL system level efficiency and for improved link robustness when operating in presence of disparate link budgets. A single UL would also result in the potential for UE transmitter simplifications at the expense of somewhat more specification work.

Recommendation 2:

First priority should be given to support TDD-FDD joint operation using 2DL:2UL carrier aggregation using R10 principles with a configured PCell augmented by SCell(s). Either TDD or FDD serving cells can be PCell. Second priority should be given to introduce 2 DL:1UL where the PCell UL is fixed as in R10 carrier aggregation.
The R12 WI on TDD-FDD joint operation [1] aims to introduce support for the existing CA deployment scenarios 1-4.

We think that CA deployment scenario 2 is of most immediate relevance for the Macro FDD + Macro TDD aggregation scenario when using co-siting without deliberate over-provisioning and when taking into account achievable service coverage for FDD and TDD networks due to inherent differences in the FDD and TDD link budgets.

In order to support the Macro FDD + Small TDD deployment case, existing R10/R11 assumptions for CA deployment scenario 4 can apply. We recommend as first priority to use the assumption of co-siting FDD and TDD processing on the network side. From the handset perspective, dual-mode FDD/TDD UE receiver requirements would then follow existing R11 DL FDD/FDD inter-band carrier aggregation requirements.
Recommendation 3:

First priority should be given to support TDD-FDD joint operation using the assumption of co-located eNB’s/BBU’s and RRH’s, ex: 36.300 CA scenarios 4 and 2.
We expect that introducing support for all TDD-FDD joint operation scenarios cannot be handled through a single WI in a single release. Carrier aggregation for LTE FDD or TDD as a R10 feature was then successively refined and became more flexible in R11 through added support for FDD inter-band requirements or different DL/UL frame configurations for TDD. Similarly, we think that TDD-FDD joint operation can be handled through multiple consecutive WI’s in RAN1/2 and RAN4.
In our view, extending TDD-FDD operation to multi-stream aggregation, fully concurrent and simultaneous serving cell operation and the case of non-collocated FDD and TDD eNB’s is clearly warranted. However, we think that the amount of necessary protocol changes to support fully independent operation similar to the case of FDD/FDD inter-site carrier aggregation will not allow for timely completion in R12.
Recommendation 4:

Priority should be given to introduce TDD-FDD joint operation assuming intra-site carrier aggregation first, then only followed by extending TDD/FDD to the case of inter-site and multi-stream aggregation.
3
Conclusions and Recommendations

In this contribution, we briefly presented our views on TDD-FDD joint operation deployment scenarios, UE RF requirements, network co-location assumptions and their consequences in terms of recommended priorities.
In summary, we propose,
First priority should be given to support TDD-FDD joint operation with aggregation of Macro FDD (Band 3 or the 700/800 MHz bands) + Small Cell TDD (Bands 42/43). Second priority should be given to support aggregation of Macro FDD + Macro TDD.
First priority should be given to support TDD-FDD joint operation using 2DL:2UL carrier aggregation using R10 principles with a configured PCell augmented by SCell(s). Either TDD or FDD serving cells can be PCell. Second priority should be given to introduce 2 DL:1UL where the PCell UL is fixed as in R10 carrier aggregation.
First priority should be given to support TDD-FDD joint operation using the assumption of co-located eNB’s/BBU’s and RRH’s, ex: 36.300 CA scenarios 4 and 2.
Priority should be given to introduce TDD-FDD joint operation assuming intra-site carrier aggregation first, then only followed by extending TDD/FDD to the case of inter-site and multi-stream aggregation.
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Appendix – Carrier Aggregation Scenarios from 36.300
J.1
Deployment Scenarios

Table J.1-1 shows some of the potential deployment scenarios for CA. In Rel-10, for the uplink, the focus is laid on the support of intra-band carrier aggregations (e.g. scenarios #1, as well as scenarios #2 and #3 when F1 and F2 are in the same band). For the downlink, all scenarios should be supported in Rel-10.

Table J.1-1: CA Deployment Scenarios (F2 > F1).

	#
	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: image1.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 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image2.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 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
	
[image: image3.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 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	
[image: image4.emf]

	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
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