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1 Introduction

LTE deployments are extremely successful during recent years with the benefits of common core-network and air-interface for both FDD and TDD spectrums. Most operators along the world have deployed or are planning to deploy a commercial LTE network including many TD-LTE networks. With the maturity of TD-LTE technologies and terminals, more operators are interested in making use of their available TDD bands to deploy the mobile broadband telecommunication network.

This contribution aims to share the experience of TD-LTE network deployment and operation. In addition, this contribution analyzes the impacts of the newly proposed DL-heavy TDD configurations for TD-LTE. It is stressed that maintaining healthy TD-LTE evolution is uttermost important to 3GPP as a whole.

2 Key aspects for TD-LTE deployments and operation

Globally, there are already 31 TD-LTE commercial networks in Band 39 – 43, with additional 24 TD-LTE commercial contracts under construction. Band 42 (3.5GHz) becomes more important recently as another potential global common TD-LTE band [1], with rich bandwidth available to accommodate the traffic boosting. Many regions have already allocated 3.5GHz for fixed and mobile service or broadband access, or have identified it as one of the most important spectrum for LTE in the near future. In 2013, ECC made a decision on 3.5GHz spectrum (3.4GHz-3.6GHz) with TDD as the preferred duplex mode [2].
The existing TD-LTE networks provide continuous coverage over the entire deployed region, including both outdoor and indoor. So far, all TD-LTE networks support access of single-carrier UEs, i.e. standalone operation of each TD-LTE carrier. Carrier aggregation (CA) will be provided in the future to provide higher data rate for CA capable UEs. TD-LTE deployment requires network synchronization among neighboring eNBs [3][4][5] to avoid the strong inter-eNB DL-to-UL interference. TD-LTE provides 7 UL-DL configurations of DL:SF:UL [6] to accommodate different DL and UL traffic ratios, where between approximately 40% to 90% of sub-frames can be used for downlink traffic. The UL-DL configurations of {#2, 3:1:1} and {#1, 2:1:2} are most widely used in the existing networks. 

For the same area where multiple operators need to deploy TD-LTE networks in the same band, there are different ways of regulatory restrictions as below:

· If inter-operator synchronization can be achieved, no guard band is needed between the spectrums allocated to neighboring operators. Examples of such deployment include 2.6GHz TD-LTE in China.
· If inter-operator synchronization cannot be achieved, a guard band (e.g. 10MHz, scenario-dependent) needs to be reserved between the spectrums allocated to neighboring operators, which is similar as the guard band between FDD DL band and TDD band.
3 Discussion on the new TDD DL-heavy configurations
There was a new proposal in RAN #62 [15][16] to introduce a new UL-DL configuration for TD-LTE: 10:0:0, with the intention to use TDD band only for DL traffic. The claimed benefits include further increasing the resources for DL traffic comparing to the existing TDD configuration #5 (8:1:1), and possibly avoiding the network coordination/synchronization requirements within/between operators. In this following, we analyze the impacts of such downlink only configuration in TDD band. Furthermore, another new DL-heavy configuration 9:1:0 is also analyzed based on the same technical aspects. 

3.1 Inconsistency between DL only configuration and the definition of TDD

TDD stands for time division duplex. By definition, TDD should achieve both DL and UL transmission in a time-division way in the same band. TDD terminal should have the capability to transmit and receive in the same band. The newly proposed DL only configuration therefore cannot be viewed as TDD. 

3GPP has been supporting FDD and TDD using frame structure type 1 and frame structure type 2 in the specifications. In TS36.211, it is stated that frame structure type 1 is applicable to full duplex and half duplex FDD, while frame structure type 2 is applicable to TDD. Given this clear definition, TDD and frame structure type 2 have been used inter-changeably in many occasions of the specifications. Since the DL only configuration cannot be viewed as TDD, relating the DL only configuration to frame structure type 2 or to TDD in general will lead to fundamental definition issues and possibly create messy specifications. One might argue that FDD SDL defined in 3GPP is not FDD by definition either. However, it is noted that the FDD SDL should be viewed as rare exceptions since the use of such band(s) is already determined to be DL only by regulation. In addition, FDD SDL can only be used with a regular FDD carrier comprising both DL and UL spectrum, which means FDD SDL still falls into FDD definition.

Observation1: DL only configuration is not TDD. Relating DL only configuration to TDD can lead to fundamental definition issues and possible create messy specifications.

3.2 Impact on inter-operator coexistence in the same TDD band

If one operator uses DL only configuration in a TDD band, it has severe impact on other TD-LTE operator’s network in neighboring spectrum due to strong DL-to-UL interference, unless a sufficient guard band is reserved which consequently reduces the spectrum utilization. Hence, the net effect of one operator using the DL only configuration is that all other TD-LTE operators in the same geographic area must also use the DL only configuration, which limits the TD-LTE deployment flexibility of other operators in terms of the choice on the desired UL-DL configuration. Note that such restriction is very severe since standalone operation is not possible with the DL only configuration as discussed in the next section.

One might argue that inter-operator negotiation can be relied on to reach a common UL-DL configuration among operators in the same TDD band. However, a dominant advantage is granted to the operator insisting on using the DL only configuration during such negotiation process, since the UL-to-DL interference is much less significant compared to the DL-to-UL interference. In addition, if the operator favoring the DL only configuration does not wish to deploy synchronized network, inter-operator negotiation would become even more difficult. The same situation exists for the newly proposed configuration of 9:1:0, since impact on DL resource utilization due to the existence of GP and UpPTS in special subframe is negligible.  One might further argue that even without the new DL only configuration, an operator can insist on using the existing TDD UL-DL configuration #5 (with most DL subframes) while other operators wish to use other existing TDD UL-DL configurations of less DL subframes. However, when all operators in the same TDD band intends to use existing TDD UL-DL configuration, both DL and UL transmission need to be considered for all involved operators, which is an incentive for all involved operators to reach an consensus on the common UL-DL configuration during the negotiation process.

Observation2: Introducing new DL-heavy configurations to TDD has severe impacts on inter-operator coexistence in the same TDD band, and potentially reduces the TD-LTE deployment flexibility.

3.3 Network operation limited to non-standalone deployment only

It is clear that the standalone operation on the TDD carrier is not possible with the new DL-heavy configurations: 10:0:0 and 9:1:0. Consequently, only CA-capable UEs can be served on a TDD carrier adopting the new DL-heavy configurations. The drawbacks of deploying the new DL-heavy configurations (i.e. non-standalone carrier) are listed as below:

· It has been discussed and concluded during the Rel-12 NCT WI that with non-CA capable UEs existing in the network, deploying a non-standalone carrier suffers significantly reduced cell average and cell edge throughput compared to deploying a standalone carrier. This is also confirmed by many operators’ desire to deploy standalone carriers during the discussion.

· The non-standalone carrier with the new DL-heavy configurations must be used in combination with a standalone carrier and only the CA deployment scenarios with ideal backhaul can be used. In other words, operators must deploy CA in order to use the TDD band. Furthermore, ideal backhaul cannot be guaranteed for all operators. The alternative dual-connectivity solution as specified in [17] is tailored for the non-ideal backhaul deployment scenarios, which received tremendous interest from operators in Rel-12. Dual connectivity however cannot be used for the carrier adopting the new DL-heavy configurations since UL transmission to that carrier is necessary.

· For the heterogeneous CA deployment with a standalone macro cell carrier and a non-standalone small cell carrier adopting the new DL-heavy configurations, it has been pointed out that PUCCH on the macro UL carrier is highly overloaded since UL only exists on the macro cell carrier [18]. Such an issue would be much more serious when there are many picos deployed within the same Macro cell coverage.
· If a certain band like 3.5GHz cannot support the standalone operation, non-CA capable UEs may have a roaming issue even though the UEs can support 3.5GHz TDD band. Furthermore, considering CA-capable UEs have different band combination capabilities in different regions, even CA-capable UEs potentially have the roaming issue as well.

Observation3: New DL-heavy configurations cannot support standalone operation. Deploying non-standalone carrier suffers from throughput loss when non-CA capable UEs exist, has limited applicable deployment scenarios, may lead to PUCCH congestion on the Macro cell, and have impact on roaming.

3.4 Limited gain of new DL-heavy configurations

Since the TDD carrier is typically used for standalone deployment, the UL sub-frame is necessary for UL control and data transmission, cannot be called as “overhead”.

Even for the DL-traffic only scenario, the difference on available PDSCH resources between the new DL-heavy configurations of 10:0:0/9:1:0 and configuration #5 8:1:1 is quite small. Table 1 compares the number of available REs for PDSCH transmission per radio frame, between the DL only configuration 10:0:0 and the existing TDD UL-DL configuration 5 with special subframe configuration 4 (i.e. 12 OFDM symbols in DwPTS). Since a carrier adopting DL only configuration 10:0:0 must be used together with another standalone serving cell, it is observed that the gain of the DL only configuration 10:0:0 over existing configuration is only 6.5% with the assumption in Table 1.

Table 1: Comparison between DL only configuration and existing configuration 5

	Overhead assumption
	Number of REs for PDSCH transmission per radio frame
	Gains of DL only configuration

	· 20MHz system bandwidth

· 6 MBSFN subframes 

· 2 CRS ports

· 2 DMRS ports

· PBCH/PSS/SSS

· 2 CSI-RS 5ms periodicity

· 2 PDCCH OFDM symbols 
	DL only configuration
	Existing configuration 5
	

	
	126392
	110864
	· 14%(1 TDD cell)
· 6.5% (1 FDD cell + 1TDD cell)


Observation4: The potential gain of the DL only configuration in terms the number of resources available for downlink transmission is limited compared to the existing TDD UL-DL configurations.

3.5 Benefits of synchronized network not achievable 

One potential benefit of the DL only transmission is that eNB synchronization is not mandated. However, with the standard evolution since R10, more advanced features require network synchronization, which can provide system and end-user performance improvements for both FDD and TDD, including:

· MBMS and any other solutions based on MBSFN sub-frames for Rel-9 and later releases [7] 
· eICIC for Rel-10 and later releases [9]

· CoMP for Rel-11 and later releases  [9][10]

· FeICIC for Rel-11 and later releases [9]

· EPDCCH for Rel-11 and later releases [9]

· UEs with advanced receiver, e.g. MMSE-IRC for Rel-11 and later releases [9]. Further advanced receivers also take the network synchronization as the basic assumptions, e.g. NAICS [11].

Network synchronization has multiple alternatives of mature mechanisms [12] [13]: GNSS, IEEE1588v2 (i.e. over (IP)), and “network listening”.  There is on-going standardization on the radio-interface based synchronization for small-cell deployment in Rel-12 small cell enhancement WI [14]. Besides the standardized synchronization requirements above, some network implementation-based synchronization is also required to enable the functionalities of UL CoMP, network positioning, etc.

Observation5: The potential benefit of the DL only configuration on not requiring network synchronization come with the consequence that many advanced features and their gains cannot be realized.

4 Conclusion

In this contribution, we share the experience of TD-LTE network deployment and operation. We further discuss the newly proposed DL only configuration. Based on the analysis in this contribution, the following is proposed: 

Proposal: Any new DL-heavy configurations with 10:0:0 or 9:1:0 should not be introduced to TD-LTE.
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