3GPP TSG-RAN WG1 Meeting#88bis
R1-1706062
Spokane, US, April 3 - 7 2017
Agenda Item:
8.1.6.2
Source:
Ericsson

Title:
On Dynamic TDD Scenarios
Document for:
Discussion and Decision
1 Introduction
During the NR study item, it was included that “NR supports … TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. DL and UL transmission directions at least for data can be dynamically assigned on a per-slot basis at least in a TDM manner.’’. At RAN#75 [1], according to the outcome of the study item, the NR should specify the enablers for interference management mechanisms for handling cross-link interference.
In this contribution, we discuss deployment scenarios where dynamic TDD operation is more applicable so that enablers for cross-link interference management may need to be considered. 

2 Dynamic TDD scenarios

During the study item, dynamic TDD has been identified as one of the modes of operation which the design of NR should facilitate. There is a recognition by operators that dynamic TDD may be useful in a limited set of scenarios but   that the cross-link interference generated by dynamic TDD can cause significant issues in many environments in practice. Since dynamic TDD operation in paired spectrum may not be allowed by current regulations in most regions of the world as noted in [2], we focus on dynamic TDD operation in unpaired spectrum. 

In general, we think there are three important aspects to be considered for understanding different dynamic TDD scenarios

· Intra-site multi-sector transmission 

· Site sharing between operators

· Power asymmetry between TRP and UE

These three aspects will lead to very different cross-link interference characteristics and assumptions for developing enablers. Depending on these, there are two different deployment scenarios as compared in Table 1: Macro cellular networks and small cellular networks. Compared to the small cell scenarios, the macro cell scenarios usually have multiple sectors at the same site where strong intra-site interference exists. In addition, it is not so uncommon that operators share the same site and deploy macro sectors which cause severe cross-operator adjacent channel interference. On top of co-located cell issues both in cochannel and adjacent channel, much higher output power of macro TRPs than UEs will cause even more cross-link interference in uplink than small cell scenarios. Such strong intra-site and cross-operator interference at the macro cells have been one of the key issues that made even static TDD operation very challenging so that operator coordination was needed. In particular, the cross-link interference problem will be more amplified when dynamic TDD operation is used so that it is natural that operators are very concerned about dynamic TDD in macro scenarios. This was also partly observed in our previous evaluation results in dense urban scenarios unless tight coordination among cells is implemented [3].

Table 1: Characteristics of NR dynamic TDD scenarios

	
	Site deployment
	Power difference between TRP and UE
	Carrier Frequency ranges
	Cross-link interference characteristics

	Macro-cell scenarios
	Site sharing and  intra-site sectorization are very common
	High
	Low
	Cochannel/adjacent channel intra-site interference (both intra-/inter-operator) are more dominant than cochannel inter-site interference.

	Small-cell scenarios
	Site sharing and intra-site sectorization are less common than macro
	Low
	Mid to high
	Cochannel inter-site interference is more likely dominant than cochannel/adjacent intra-site interference.


Based on this discussion, we have the following observation on dynamic TDD operation in macro scenarios:

Observation 1: Dynamic TDD operation in macro cell deployment scenarios in unpaired spectrum is very likely to cause severe intra-site cross-link interference both in cochannel and adjacent channels from other operators.

In order to address the severe cochannel intra-site cross-link interference, it essentially requires very tight coordination with inter-cell signaling which potentially increases complexity and  signaling overhead. Although the cochannel intra-site interference can be solved by technical solutions, cross-operator cross-link interference in adjacent channel remains as an issue. To illustrate this, consider an example illustrated in Figure 1. In this example, two operators A and B share one site and operate in adjacent carrier frequencies 1 and 2 and their networks have tri-sector antennas per site. At a given time, both operators have mixed traffic only in cell 1 which faces the same direction. Since both operators uses dynamic TDD, there is strong adjacent channel cross-link interference which basically destroys the reception of wanted signals. Very tight inter-network coordination based on very fast information exchange  is not very practical. Therefore, we have the following observation on dynamic TDD with cross-link interference management in macro scenarios:

Observation 2: In macro deployment scenarios, cross-link interference management with fast coordination between nodes is not practical in scenarios with multiple operators.

On the other hand, small-cellular networks have different characteristics of deployment and service operations from Macro cellular scenarios. First of all, using multiple sectorized antenna is not so common in small cells scenarios, particularly in indoor deployment so that cochannel intra-site cross-link interference is less likely than the macro scenario. In addition, site sharing for small cells between multiple operators is not so often needed as in the macro scenario. This means the risk of adjacent channel inter-operator cross-link interference is potentially lower in the small cell scenario. Besides, the output power difference between small cell TRPs and UEs is not so much as the macro cell so that cross-link [image: image2.png]Freq 1, cell 1
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interference from TRPs will be reduced although some of small cell scenarios have co-located cells. Therefore, we have the following observation:

Observation 3: Both cochannel and adjacent channel cross-link interference will be less likely to be detrimental in small scenarios than in macro scenarios. 
While the cross-link interference is less in the small cell scenario, the small cell scenario is also expected to have more dynamic TDD gain than the macro scenario. In general, the traffic variation over time will be much larger than a typical macro cell case. This can create more opportunity that unidirectional traffic exists which is better not to have resource restriction. It is also very well expected that small cells will rely on higher frequency ranges than macro cells so that propagation loss leads to potentially less cross-link interference. Based on this analysis, we have the following observation for dynamic TDD scenarios:

Observation 4: Small cell scenarios are more favorable towards dynamic TDD operation than macro deployment scenarios.
3 Conclusions
In this contribution, we analyze the impact of different dynamic TDD scenarios with respect to cross-link interference management. From the analysis, we conclude the following:

Conclusion: The macro deployment scenario is extremely challenging for dynamic TDD operation since cross-link interference management with fast coordination between nodes is not practical in scenarios with multiple operators which are very likely in macro deployments. 

Based on this conclusion, we propose the following for further studies on enablers of cross-link interference management. 

Proposal 1: Studies of enablers for cross-link interference management should focus on small cell scenarios where co-sited multiple operator scenarios are less likely.  
Proposal 2: Enablers for cross-link interference management, if needed, should be configurable so that dynamic TDD operation is adaptively chosen according to operator’s preference and deployment scenarios.
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