
3GPP TSG RAN WG1 Meeting #62










R1-104425
Madrid, Spain, 23rd – 27th August, 2010
Agenda item:
6.8.5
Source:
New Postcom
Title:
Inter-cell Interference in Special Subframes in TDD HetNet
Document for:
Discussion and Decision
1 Introduction
At the RAN#47 meeting, a new Work Item (WI) was agreed upon for enhanced Inter-Cell Interference Coordination (eICIC) for non Carrier Aggregation (CA) based Heterogeneous Networks (HetNet). The eICIC WI mainly focuses on interferences arising from control and data channels. However, in the TDD HetNet, there exists another type of interference which appears in the Specific Subframe (SSF). This type of interference will affect the performance of micro-cells served by Low Power Nodes (LPN), for example Pico-eNBs (PeNB), Home eNBs (HeNB) and Relay Nodes (RN), in certain scenarios.
In this contribution, we discuss the SSF interference and provide some principles for resolve this issue.
2 Interference in SSF
In TDD networks, although the basic subframe structure is same as in FDD networks, in each radio frame only a subset of the subframes are available for either downlink or uplink transmission. The special subframes in a radio frame allow for switching from downlink to uplink modes, as shown in Fig. 1:
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Fig. 1: Frame structure type 2 (for 5 ms switch-point periodicity) [1].

In Rel-8/9 [1], nine SSF configurations with respect to different lengths of DwPTS/GP/UpPTS are defined, as shown in Table 1. Within each SSF, a Guard Period (GP) is inserted such that the uplink transmission timing advance can be conveniently set. The length of GP is selected according to the propagation delay of signal transmission from the eNB to the User Equipment (UE) and vice versa. In other words, the length of GP is related to the value of cell radius.
Table 1: Configuration of special subframe (lengths of DwPTS/GP/UpPTS) [1].
	Special subframe configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	DwPTS
	UpPTS
	DwPTS
	UpPTS

	
	
	Normal cyclic prefix
 in  uplink
	Extended cyclic prefix 
in uplink
	
	Normal cyclic prefix in uplink
	Extended cyclic prefix in uplink
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In the HetNet scenario, there may be a lot of LPNs spread around in a macro-cell served by a Macro-eNB (MeNB), as illustrated in Fig. 2. The coverage radius of a LPN is typically much smaller than that of the MeNB. For example, the cell radius of a HeNB is no more than 50 m. Thus, it makes sense to use relatively short GPs in LPNs. By contrast, the MeNB should use longer GPs due to its much larger cell radius.
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Fig. 2: Deployment scenarios of HetNet.
Note that if the MeNB employs a long GP while the LPNs use a short GP, a new type of inter-cell interference, referred to as the SSF interference, will appear in the SSFs of the MeNB and the LPNs. Let us further discuss the interference scenarios in the next section.
3 Interference scenarios
The potential SSF interference scenarios are shown in Fig. 3, where as an example a HeNB case is demonstrated. Although taking HeNB as an example in this contribution, we point out that such interferences exist in all LPN cases.
In Rel-8/9, DwPTS can be used to transmit PDCCH, user data, PSS and RS [2]. As illustrated in Fig. 3, we assume in this example that the MeNB uses SSF configuration 5, while the HeNB employs SSF configuration 8. In certain circumstances, the DwPTS of the Home-UEs (HUE) served by HeNB in the downlink may be interfered by Macro-UEs (MUE) served by the MeNB in the uplink.
Note that the SSF interference may only appear when the LPN is far from the MeNB and when the MUE is close to the HUE. To elaborate a little further, in this example the MeNB employs a long GP to combat the large channel delay in the downlink, and the MUEs that are far away from the MeNB have to use a large Timing Advance (TA) for the same reason in the uplink. However, a nearby HeNB can afford to use a much shorter GP for the HUEs due to its small cell radius. Then, as exemplified in Fig. 3, the uplink signal transmitted in UpPTS of an MUE will result in interference to a nearby HUE’s downlink reception of its DwPTS.
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Fig. 3: SSF interference scenarios in HetNet.
The number of interfered OFDM symbols depends on the cell radiuses of the MeNB and the HeNB. According to the coverage requirements for E-UTRAN [3][4], the maximum coverage can be up to 100 km. We provide simple calculation results in Table 2, where it can be seen that when the MeNB’s radius is more than 30 km, there will be one interfered OFDM symbol. When the MeNB’s radius reaches 100 km, the number of interfered OFDM symbols can be as many as 4. In general, when the macro-cell radius is more than 30 km, some of HeNB’s DwPTS transmission will be interfered by the nearby MUE.
Proposal 1: The SSF interference affects downlink data reception of HeNB (or LPN) in the TDD HetNet scenario under certain scenarios and should be considered in the eICIC WI.
Table 2: Analytic results for SSF interference examples.
	RadiusMeNB
(km)
	RadiusHeNB
(m)
	GPMeNB
(OFDM Symbol)
	GPHeNB
(OFDM Symbol)
	Interference
(No of OFDM Symbols)

	0.5
	50
	1
	1
	0

	1
	50
	1
	1
	0

	30
	50
	3
	1
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4 Proposed solutions
There can be a few options to solve the SSF interference issue, which are detailed as follows.

Option 1: HeNB (or LPN) uses the same SSF configuration as MeNB.
As shown in Fig. 4, a straightforward way to avoid this SSF DL/UL interference is to apply the same SSF configuration for all LPNs as for the MeNB, regardless of the size of the MeNB’s cell radius. This solution eliminates the SSF DL/UL interference without any impact to the specification. However, the drawback is that the system resource at LPNs may be wasted when a large GP is employed. When the cell radius of the MeNB is smaller than 30 km, the wasted resource at the HeNB may be modest.
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Fig. 4: HeNB (or LPN) uses the same SSF configuration as MeNB.
Option 2: HeNB (or LPN) uses dynamic SSF configurations with DwPTS muting.
According to the SSF interference strength, Option 2 will choose whether to mute some of the OFDM symbols in DwPTS at the LPN for avoiding the SSF interference or to apply the same SSF configuration with the MeNB. Based on Table 2, if the macro-cell radius is larger than 30 km, the LPN may suffer from the SSF interference, which can be mitigated with DwPTS muting. However, the muting function will complicate the scheduler design at the LPN and also result in loss of available system resources too. Moreover, further specification effort is needed to support the symbol muting in the SSF.
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Fig. 5: HeNB (or LPN) with muted PDSCH in DwPTS.
Based on the above analysis, Option 1 appears to be a straightforward way to avoid the SSF interference without any impact to the specification. Thus, our suggestion is:
Proposal 2: Option 1 (HeNB (or LPN) uses the same SSF configuration as MeNB) is adopted for avoiding the SSF interference in the TDD HetNet scenario.
5 Conclusion
In this contribution, we discuss a new type of interference that may appear in the SSF in the TDD HetNets. Such interference will affect LPN’s performance in certain circumstances. We suggest RAN1 consider this issue and agree on the proposals as follows.
Proposal 1: The SSF interference affects downlink data reception of HeNB (or LPN) in the TDD HetNet scenario under certain scenarios and should be considered in the eICIC WI.
Proposal 2: Option 1 (HeNB (or LPN) uses the same SSF configuration as MeNB) is adopted for avoiding the SSF interference in the TDD HetNet scenario.
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