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Introduction
There has not been any consensus on whether additional TDD configuration shall be introduced for LTE TDD. To gain a better understanding on the issues related to the potential introduction of additional configurations for LTE TDD, a study item is proposed [1].
This contribution discusses the possible scenarios, which need to be taken into further consideration on the impact to coexistence with normal TDD configuration, when additional TDD configuration is introduced.
Scenarios
Requirements
TDD Single-carrier deployment 
The existing TD-LTE networks require whole and continuous coverage of the deployed region So far, all the TD-LTE networks support at least the single-carrier access of different UEs, i.e. standalone deployment for each TDD carrier. 
Synchronization for TDD network
For each operator, the large-scale TD-LTE deployment requires network synchronization among neighboring eNBs [2] to avoid the strong inter-eNB DL to UL interference. 
Necessity of guard band for different operators 
TD-LTE provides 7 sub-frame configurations of DL:SF:UL (SF is special sub-frame, which is typically DL dominant): #0: 1:1:3, #1: 2:1:2, #2: 3:1:1, #3: 6:1:3, #4: 7:1:2, #5: 8:1:1, #6: 3:2:5 [3]. The DL/UL sub-frame configurations of 3:1:1 and 2:1:2 are most widely used in the existing networks. 
For the same area where multiple operators need to deploy TDD large scale network in the same band, there are different way of regulatory restrictions as below:
· If inter-operator synchronization can be reached, there is no guard band needed between the spectrums allocated to two neighboring operators. There are prior examples of such deployment, e.g. 2.6GHz TD-LTE operation in China.
· If the co-band TDD large coverage networks from different operators are not synchronized, generally a guard band (e.g. 10MHz, scenario-dependent) needs to be reserved between the spectrums allocated to two neighboring operators, which is similar as the guard band between FDD DL band and TDD band.
Deployment scenarios
The additional TDD configuration, i.e., for downlink only, should consider operators’ deployment aspects, e.g., adjacent carriers which may be deployed by another operator, both macro cell and small cell shall be considered for co-existence scenario, ideal or non-ideal backhaul deployment for CA scenario 4 and etc. Some new use case, e.g., Rel12/13 D2D, can also be further investigated to see whether coexistence with the DL only carriers is feasible or not.
The aforementioned characteristics include the following combinations, which represent the potential deployment scenarios for the additional TDD configuration.
Table 1. Scenarios Indication
	#
	Scenario
	Example
Case x: aggressor + victim

	1
	Macro cell DL only (operator1) 
Macro cell normal TDD (operator2)
· Operator 1 deployed macro cell with non-standalone downlink only carrier on f1, an additional standalone carrier as PCell is needed on f0
· Operator 2 deployed macro cell with standalone TDD carrier on f2
· Coexistence between f1  and  f2  shall be considered
	Case 1: Macro DL only + Macro normal TDD




	2a
	Small cell DL only: macro cell + small cell CA (operator1) 
Small cell normal TDD (operator2)
· Operator 1 deployed carrier aggregation of macro cell f0 and small cell f1 (ideal backhaul) with non-standalone downlink only carrier on f1
· Operator 2 deployed small cell with standalone TDD carrier on f2
· Coexistence between f1  and  f2  shall be considered
	Case 2: small cell DL only + small cell normal TDD
a) Macro+ small cell CA for aggressor




	2b
	Small cell DL only: small cell CA (operator1) 
Small cell normal TDD (operator2)
· Operator 1 deployed carrier aggregation on small cell with standalone carrier f0 and non-standalone downlink only carrier f1
· Operator 2 deployed small cell with standalone TDD carrier on f2
· Coexistence between f1  and  f2  shall be considered
	b) small cell CA for aggressor



	2c
	Small cell DL only: macro cell + small cell dual connectivity (operator1) 
Small cell normal TDD(operator2)
· Operator 1 deployed dual connectivity of macro cell f0 and small cell f1 (non-ideal backhaul) with non-standalone downlink only carrier on f1
· Operator 2 deployed small cell with standalone TDD carrier on f2
· If the newly introduced TDD configuration is downlink only, scenario 2c cannot be supported.
	c) Macro+ small cell dual connectivity for aggressor




	3a
	Small cell DL only: macro cell + small cell CA (operator1) 
Macro cell normal TDD (operator2)
· Operator 1 deployed carrier aggregation of macro cell f0 and small cell f1 (ideal backhaul) with non-standalone downlink only carrier on f1
· Operator 2 deployed macro cell with standalone TDD carrier on f2
· Coexistence between f1  and  f2  shall be considered
	Case 3: small cell DL only + Macro cell normal TDD
a) Macro+ small cell CA for aggressor




	3b
	Small cell DL only: small cell CA (operator1) 
Macro cell normal TDD (operator2)
· Operator 1 deployed carrier aggregation on small cell with standalone carrier f0 and non-standalone downlink only carrier f1
· Operator 2 deployed macro cell with standalone TDD carrier on f2
· Coexistence between f1  and  f2  shall be considered
	b) small cell CA for aggressor




	4
	Macro cell DL only (operator1) 
small cell normal TDD (operator2)
· Operator 1 deployed macro cell with non-standalone downlink only carrier on f1, an additional standalone carrier as PCell is needed on f0
· Operator 2 deployed small cell with standalone TDD carrier on f2
· Coexistence between f1  and  f2  shall be considered
	Case 4: macro cell DL only + small cell normal TDD






The study item shall further investigate usage of downlink only carrier in a TDD network by taking all possible scenario into account, e.g.,
· Case 1: Macro DL only (aggressor) + Macro normal TDD (victim)
· Case 2: small cell DL only (aggressor) + small cell normal TDD (victim)
· Case 3: small cell DL only (aggressor) + Macro cell normal TDD (victim)
· Case 4: macro cell DL only (aggressor) + small cell normal TDD (victim)

Additional impacts
From deployment perspective, several impacts has been identified from previous proposal in [4], e.g., 
Impact on inter-operator coexistence in the same TDD band
A coordination of the TDD DL/UL configurations is needed among the adjacent-channel multi-operator TD-LTE deployments in the same area. If one of the operator use DL only transmission, unless a guard-band is introduced with strict PA requirement, otherwise it would block the other operators to deploy the standalone network in the same area with any legacy TDD DL/UL configuration, even if the other operators has a strong requirement of accessing the legacy UEs, and/or would like to offload some UL traffics.
Limitation of Non-standalone deployment in network operation
The typical deployment case would be the inter-site CA of one DL-heavy carrier to a Macro eNB, which requires ideal backhaul in-between, however, the ideal backhaul is hardly to be guaranteed for all the operators. The alternative dual-connectivity solution fits to non-ideal backhaul as specified in [DCM SCE RAN2 WI], which however requires standalone accessibility of each carrier.
Benefits of synchronized network not achievable 
One potential consequence 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 [5] 
· eICIC for Rel-10 and later releases[6]
· CoMP for Rel-11 and later releases[6][7]
· FeICIC for Rel-11 and later releases[6]
· EPDCCH for Rel-11 and later releases[6]
· UEs with advanced receiver, e.g. MMSE-IRC for Rel-11 and later releases [6]. Further advanced receivers also take the network synchronization as the basic assumptions, e.g. NAICS [8].
Network synchronization has multiple alternatives of mature mechanisms [9][10]: 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 [11]. Besides the standardized synchronization requirements above, some network implementation-based synchronization is also required to enable the functionalities of UL CoMP, network positioning, etc.

Conclusion
This contribution proposes to study possible scenarios when introducing additional TDD configuration, e.g., downlink only configuration. And further investigation of such configuration shall be considered by taking all possibilities into account. Additional impacts to these deployment scenarios and use cases shall also be further investigated from deployment perspective, e.g., impact on inter-operator coexistence in the same TDD band, limit of Non-standalone deployment in network operation, benefits of synchronized network not achievable and etc.
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