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1. Introduction
In RAN #66 meeting, a new SI “Study on possible additional configuration of LTE TDD” was approved [1].The objective of the study is to evaluate issues related to the potential introduction of the following additional configuration(s) for LTE TDD; 10:0:0 and 9:1:0 (DL:Sp:UL). This includes:
· Identify the scenario(s), frequency band(s), and use cases(s) of the possible additional TDD configuration(s)
· Coexistence with adjacent standalone LTE TDD operations in the same band
· To be compared with the coexistence between intra-band adjacent LTE TDD operations using different UL/DL configurations
· Evaluation of the potential benefits and drawbacks of the additional TDD configuration(s) and possible solutions to mitigate the potential drawbacks
· Any other relevant ecosystem aspect(s)
· Compare the option of using 10:0:0 and/or 9:1:0 TDD configuration for a TDD spectrum against the alternative of converting the TDD spectrum to FDD supplemental DL spectrum
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this contribution, we provide our considerations of the supplementary downlink performance evaluation.
2. Discussions
In the mobile network, the load of downlink data traffic is much higher than uplink according to the traffic trend. In the current LTE spec, seven TDD UL-DL configurations have been supported to address different DL and UL traffic ratios. Configuration 5 supports the largest downlink resources, where 8 DL subframes and one DwPTS in a special subframe can be used for downlink transmission. However, about 11.4~20% of radio resource will be wasted when there is little UL traffic, which is a significant performance loss. In order to meet the great market demand and the traffic trend, the introduction of a new TDD UL-DL configuration, ‘10:0:0/9:1:0 configuration’, is quite necessary. This 10:0:0 /9:1:0 configuration can be configured as a Secondary Cell only when a UE is configured with CA which will result in facilitating the availability of TDD in the global market.
2.1 Deployment scenario
The 10:0:0/9:1:0 configuration can be configured as a Secondary Cell only when a UE is configured with CA. Inter-band carrier aggregation is the mechanism to enable the usage of TDD UL-DL 10:0:0/9:1:0 configuration carrier. The deployment scenarios of 10:0:0/9:1:0 configuration can refer to existing CA scenarios 1,2,3,4 as defined in TS36.300 [2]. 
CA scenario 4 is a typical configuration which will be widely deployed to meet the demand discussed above. And it is the most important scenario for the study of additional TDD configurations. Small cell scenario 2a defined in TS36.872 is one of the deployment case of CA scenario 4, and it can be used for the performance evaluation .So we propose,
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 1:  CA scenario# 4 should be the main deployment scenario for the 10:0:0/9:1:0 configuration. SCE scenario 2a specified in TS36.872 can be reused. The additional TDD UL-DL 10:0:0/9:1:0 configuration can be configured as a Secondary Cell which is used to improve the downlink throughput.






Table 1.  CA Deployment Scenarios
	#
	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.
	


	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.
	


	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.
	


	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 scenarios are both when F1 and F2 are DL non-contiguous carrier on the same band, e.g., 1.7 GHz, etc. and 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.
	



2.2 Frequency band
TDD networks have been widely deployed worldwide. It is possible to apply the newly introduced additional TDD configurations to existing networks or the newly allocated bands. In the first deployment case, it will bring the co-existence problem among operators in the same band. And the legacy UE in service will be affected accordingly. So it is preferred to introduce the additional configuration(s) to newly allocated band or unused TDD bands.
On the other hand, there are two use cases in a TDD band shown in [3].  Operators usually share the same frequency band as shown in Fig.1. It is possible that there is no guard band among operators in Fig.1-a. This is the typical band allocation of Band41 in China and Band42 in Japan. Another band allocation is shown in Fig.1-b in which there is guard band among operators.
The recent band allocation is in favour of the use case in Fig.1-a, so we propose,
Proposal 2:  Different operators in the same band without guard band should be highly prioritized for additional TDD configuration(s) study.


	

1-a. Same configuration among operators	       1-b. Different configuration among operators
Figure 1. Usage of 10:0:0/9:1:0 configuration in [3]
2.3 Performance evaluation
According to the SI[1], two aspects should be studied. One is the evaluation of potential benefit of 10:0:0/9:1:0 configuration compared with the existing TDD UL-DL configuration, the other one is the coexistence with adjacent standalone LTE TDD operations in the same band.
2.3.1 Baseline evaluation
The following assumptions can be used to evaluate the benefit of the 10:0:0/9:1:0 configuration：
· [bookmark: _GoBack]All operators sharing the same frequency band use the same TDD UL-DL configuration and their network timing are synchronized.
· TDD UL-DL configuration#5(8:1:1) is configured as the Secondary Cell
· To compare the performance with the baseline when 10:0:0/9:1:0 configuration is configured as the Secondary Cell

Proposal 3:  Baseline evaluation is that all operators uses TDD UL-DL configuration #5 (8:1:1) as the Secondary cell. Ideal synchronization is assumed.

2.3.2 Coexistence evaluation
According to [1], the initial study on coexistence with adjacent standalone LTE TDD operations in the same band should compare with the coexistence between intra-band adjacent LTE TDD operations using different TDD UL-DL configurations.
If the configurations of two TDD network are different, there will be eNB-to-eNB and UE-to-UE interference between the inter operators as illustrated in Figure 2. Interference can be observed in another operator’s UL subframe, due to the DL transmission of the TDD carrier with 10:0:0/9:1:0 configuration. Furthermore, the UL transmission of the UEs in another operator’s TDD network may also interfere with the DL reception of the UEs on the neighbouring carrier with 10:0:0/9:1:0 configuration. We assume ideal synchronization among operators in the study.
[image: ]
Figure 2.  Interference scenario of different TDD configurations
Two coexistence scenarios can be considered based on the typical use case as following：

1. Coexistence scenario 1
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Coexistence scenario 1 mainly focuses on the impact of introduction of 10:0:0/9:1:0 configuration on the macro cell coverage of the other operators as illustrated in Fig. 3. Seamless macro cell coverage is the deployment target and must be allowed. Any TDD enhancement shall guarantee the feasibility of co-existence with a standalone TDD network of seamless macro cell coverage in neighboring TDD spectrum within the same band.
· Operator A deploys the TDD network using macro cell for seamless coverage with one of seven TDD UL-DL configurations specified in TS 36.211, e.g. TDD UL-DL configuration#1
· Operator B deploys the CA network according to the CA deployment scenario #4 in TS 36.300[2], and the small cells are configured as the Secondary Cell with 10:0:0/9:1:0 configuration
· The macro cells of Operator A and the small cells of Operator B are working in the same band, and there will be adjacent channel interferences between the macro cells of Operator A and the small cells of Operator B

[image: ]
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 3. Coexistence scenario 1

2. Coexistence scenario 2
Coexistence between the small cells of the different operators also should be studied. The introduction of 10:0:0/9:1:0 configuration may bring performance impact on the small cells deployed in Fig.4.
· Operator A deploys the CA network according to the CA deployment scenario #4 in TS 36.300[2], and the small cells are configured as the Secondary Cell using one of seven TDD UL-DL configurations specified in TS 36.211, e.g. TDD UL-DL configuration#1
· Operator B deploys the CA network according to the CA deployment scenario #4 in TS 36.300[2], and the small cells are configured as the Secondary Cell with 10:0:0/9:1:0 configuration
· The small cells of Operator A and the small cells of Operator B are working in the same band, and there will be adjacent channel interferences between small cells of Operator A and Operator B

[image: ]
Figure 4. Coexistence scenario 2


3. Other Coexistence scenarios should be with low priority.


Proposal 4:  The impact of introduction of 10:0:0/9:1:0 configuration of small cell on both the macro cell and the small cell of other operators should be evaluated in the co-existence study.

3. Simulation assumptions and parameters
To save the time budget, the simulation assumptions of Small cell specified in TS36.872 can be reused to study the 10:0:0/9:1:0 configuration. The detailed simulation parameters could be decided by email discussion.
Proposal 5:  Small cell simulation assumption could be reused in the evaluation. The detailed parameters could be decided by email discussion.

4. Conclusions
In this contribution, we analysed the considerations of introducing possible additional TDD configuration(s) and the issues for performance evaluation. We propose,
Proposal 1:  CA scenario# 4 should be the main deployment scenario for the 10:0:0/9:1:0 configuration. SCE scenario 2a specified in TS36.872 can be reused. The additional TDD UL-DL 10:0:0/9:1:0 configuration can be configured as a Secondary Cell which is used to improve the downlink throughput.
Proposal 2:  Different operators in the same band without guard band should be highly prioritized for additional TDD configuration(s) study.
Proposal 3:  Baseline evaluation is that all operators uses TDD UL-DL configuration #5 (8:1:1) as the Secondary cell. Ideal synchronization is assumed.
Proposal 4:  The impact of introduction of 10:0:0/9:1:0 configuration of small cell on both the macro cell and the small cell of other operators should be evaluated in the co-existence study.
Proposal 5: Small cell simulation assumption could be reused in the evaluation. The detailed parameters could be decided by email discussion.
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