Page 1



3GPP TSG-RAN WG1 Meeting #72 
R1-130510
St Julian’s, Malta, 28th January – 1st February 2013

Agenda item:

6.3.2
Source:
Huawei, HiSilicon 
Title:
Restricted Resource Subframe for HetNet
Document for:

Discussion and Decision
1. Introduction

In [1], it can be observed that when RE is applied, the LPN edge UE suffers strong downlink interference from the Macro downlink. In [2], we have provided an initial discussion about RRS (Restricted Resource Subframe), including RRS on power and RRS on Transport Format (TF). In this paper, further details of RRS are discussed, and initial link level simulation results are given on RRS on TF. It can be seen that RRS on TF is beneficial to mitigate Macro downlink interference to the LPN edge UEs.
2. Discussion

RRS is a useful RE technique in the HetNet single carrier scenario. According to a pre-defined pattern indicating RRS subframes and non-RRS subframes, Macro cell could restrict its HS-DSCH transmission in RRS subframes so that its downlink interference to the LPN edge UE can be mitigated. Figure 1 illustrates the regions of the Macro UE, LPN UE and cell edge UE in RRS operation. Figure 2 illustrates the coordination of the Macro and LPN transmissions according to the RRS pattern: Macro UE is served by the Macro with full resource utilization during non-RRS subframes while with restricted resource utilization during RRS subframes; cell edge UE is served by the LPN with higher priority during the RRS subframes; LPN UE is served by the LPN during all subframes.
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Figure 1 RRS on power operation
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Figure 2 Coordination of the Macro and LPN according to the pattern
As mentioned in [2], depending on the resource to be restricted, we consider RRS on power (RRSoP) and RRS on TF (RRSoTF). TF could be related to channelization codes and modulation types, etc. RRS on power mitigates Macro downlink interference to all types of UE in the LPN cell edge, while RRS on TF is mostly beneficial to the UE with advanced receiver, e.g., interference cancellation capable UE. In the following subsections, we analyze the impact of these different techniques.
2.1 RRS on Power

The RRSoP technique mainly changes the dynamic range of interference observed at the UE side. Here we investigate this impact to the Macro UE and the LPN UE.
· Impact to Macro UE: As the LPN is always transmitting with full resource utilization, there is few interference variations observed at the Macro UE. As a result, no big impact to Macro UE could be observed.
· Impact to LPN UE: As for RRSoP, the Macro’s transmit power changes according to the RRS pattern. It can be expected that interference variation observed at the LPN edge UE is big. If the LPN edge UE is: 
· Legacy UE: The change of interference level is considered as fast fading. Current power control may not be able to track this variation. CQI estimation could also be inaccurate due to this variation. As a result, the downlink performance is impacted, although the downlink interference is mitigated via RRSoP.
· New UE: New UE could mitigate the issues for the legacy UE discussed above. For example, new power control mechanism may be used so that the impact of interference variation can be mitigated. CQI estimation procedure can also be modified considering the RRS and non-RRS subframes. New specifications are necessary in order to apply the RRSoP for the UE in the LPN’s cell edge.
· Impact to the network:
· Since the CQI reported from the LPN edge UE could be very different in RRS and non-RRS subframes, the Node B needs to modify its scheduling policy so that the CQI reflecting the RRS subframe is used to schedule data to the LPN edge UE in the RRS subframe. Otherwise, the mismatch would degrade the performance of the LPN edge UE. 
· RRSoP and R99 traffics: R99 UE served by Macro may also be the interference source to the LPN edge UE. Therefore, R99 traffic in Macro may limit the performance gains for RRSoP. The method of muting R99 power in RRS might be a solution, however the impact to R99 traffic should be considered.
2.2 RRS on Transport Format
The RRSoTF technique is beneficial to UEs with advanced receivers. Such UEs can use the TF information to perform IC to mitigate the interference. As for RRSoTF, Macro can always transmit at the same power. The dynamic range of interference observed at the LPN edge UE could be considered the same in both RRS and non-RRS subframes. Here we discuss the impact of the RRSoTF on Macro UE and LPN edge UE.

· Impact to Macro UE: As the LPN is always transmitting with full resource utilization, there is small interference variation observed at the Macro UE. As a result, no big impact to Macro UE could be observed.
· To LPN edge UE: As the Macro is always transmitting with full power, there is few interference variations observed at the LPN edge UE.
· Legacy UE: Current power control and CQI estimation can work well. However, the downlink interference is strong for the legacy UE.
· New UE: If advanced IC receiver is supported, the macro interference in the RRS subframe can be mitigated. The system throughput will be improved if the LPN edge UEs are equipped with advanced IC receivers. This way, the Macro does not need to mute its transmit power on data and more scheduling gain from Macro could be expected. Since the CQI is reported after IC, CQI fluctuation still exists. Similar to the RRSoP, CQI estimation procedure can also be modified considering the RRS and non-RRS subframes. New specifications are necessary in order to apply the RRSoTF for the UE in the LPN’s cell edge.
· Impact to the network:

· Since the CQI reported from the new UE in the LPN edge could be very different in RRS and non-RRS subframes, the Node B needs to modify its scheduling policy so that the CQI reflecting the RRS subframe is used to schedule data to the LPN edge UE in the RRS subframe. Otherwise, the mismatch would degrade the performance of the LPN edge UE. 
· RRSoTF and R99 traffics: R99 traffic can be an interference source for the LPN edge UE. R99 traffic uses QPSK modulation and we can see that interference signal with QPSK is beneficial when reconstructing the signal for cancellation. Considering RRSoTF is mainly used for advanced IC receiver capable UEs, the interference caused by R99 traffic can be cancelled.
3. Link level simulations

Link level simulations for RRSoTF are performed. Assume LPN is the serving cell and Macro is the only interfering cell. The system is interference limited and Macro’s interference is much stronger than thermal noise level. The geometry represents the RSCP (LPN/Macro). In the simulation, it is assumed that all subframes are RRS subframes. RRS configuration includes modulation types and the number of HS-DSCH codes. 

Two types of UE receivers are used in the simulations: Type 3i and IC with RRS info. 
Simulation assumptions for interference are shown in Table 1:
Table 1 Simulation assumptions for interference

	Parameter
	Value
	Comments

	P-CPICH_Ec/Ior
	-10dB
	

	HS-PDSCH_Ec/Ior
	-1dB
	

	OCNS
	Necessary power so that total transmit power spectral density of Node B (Ior) adds to one
	Balance of power 
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 of the Node-B is assigned to OCNS.

	Spreading factor for

HS-PDSCH
	16
	

	Modulation
	QPSK, 16QAM, 64 QAM
	Depending on RRS configuration

	Restricted number of HS-DSCH codes
	5, 15
	Depending on RRS configuration

	Number of Interfering Cells
	1
	


Simulation assumptions for LPN are in Table 2:

Table 2 Simulation assumptions for LPN 
	Parameter
	Value
	Comments

	P-CPICH_Ec/Ior
	-10dB
	

	HS-PDSCH_Ec/Ior
	-1dB
	

	Spreading factor for

HS-PDSCH
	16
	

	Modulation
	QPSK, 16QAM, 64 QAM
	CQI based

	TBS
	Variable
	CQI based scheduling

	Geometry
	[-9 -6 -3 0 3]dB
	Interference limited system

Interference is much stronger than thermal noise

	CQI Feedback Cycle
	1 TTI
	

	CQI feedback error
	0 %
	

	HS-DPCCH ACK/NACK feedback error
	0 %
	

	Maximum number of HS-DSCH codes
	15
	

	Target Number of H-ARQ Transmissions
	1
	

	Residual BLER
	10% after 1 transmission
	

	Number of Rx Antennas
	2
	

	PCI/CQI Feedback delay
	12 slots
	

	Propagation Channel Type
	PA3
	

	Channel Estimation
	Realistic
	

	Noise Estimation
	Realistic
	

	UE Receiver Type
	Type3i, advanced IC receiver
	Advanced IC receiver knows the RRSoTF information of the interfering cell


The figure below shows the simulation results. 5000 TTIs have been simulated. The IC gain is the LPN UE’s throughput ratio of advanced IC receiver and the Type 3i receiver. It can be seen that:

1. When the number of restricted HS-DSCH codes and the modulation types are the same, more gain can be achieved with lower geometry, i.e., stronger interference level. When the relative strength of the interference signal compared to the data signal is larger, the impact of the interference signal on the performance is more visible. In this case, more relative gains will be introduced by the interference signal reconstruction and cancellation.
2. When the geometry is the same, more gain can be achieved with fewer HS-DSCH codes and/or lower modulation orders. This is because the interference signal is much easier to be reconstructed when fewer codes and/or lower modulation order are used.
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Figure 3 Gains of IC receiver over type 3i receiver under RRSoTF
As a result, it can be seen that RRSoTF is beneficial to the UE with advanced IC receivers. In addition, the gains of different RRSoTF settings are different. For example, at -3 dB geometry (LPN’s cell edge when RE = 3 dB), when RRSoTF is applied with QPSK and 5 HS-DSCH codes, this gain is over 55%. When interference is with RRSoTF where 64QAM and 15 cods can be used, the gain is reduced to 30%.

Observation: With RRSoTF technique, performance gains can be achieved for the UE with advanced IC receiver.
From a system performance point of view, if the network knows that there are UEs capable of advanced IC receiver, RRSoTF can be configured to offload advanced IC UEs to LPN even they are in low geometry. This allows LPN serving more UEs. In this way, the number of UE served by the Macro is reduced and higher scheduling opportunity can be achieved for each Macro UE. 

According to the observation, we propose:

Proposal 1: Consider both RRS on power and RRS on transport format in the RE techniques in HetNet.

Proposal 2: Consider advanced IC receiver UEs in the study of RE techniques in HetNet.
4. Conclusions

In this paper, we have discussed two RRS techniques in the co-channel scenario: RRS on Power and RRS on Transport Format. In this contribution, we focus on RRSoTF as it can reduce interference fluctuation. Both analysis and link level simulation results have shown that RRSoTF with advanced IC receiver can substantially reduce Macro downlink interference to LPN edge UEs. 
Proposal 1: Consider both RRS on power and RRS on transport format in the RE techniques in HetNet.

Proposal 2: Consider advanced IC receiver capable UEs in the study of RE techniques in HetNet.
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