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1. Introduction

In the study of NAIC in Hetnet, two IC schemes have been proposed: pre-decoding IC and post-decoding IC. Issues on conveying necessary information for both schemes are analyzed in this paper. Furthermore, the impact of signalling overhead for post-decoding IC is evaluated via link-level simulations. From the analysis and simulation results, it can be seen that for post-decoding IC the signaling overhead at the Macro cell needs to be carefully considered due to the impact on Macro capacity. 
2. Discussion

2.1 Signalling for NAIC UE
High layer signalling for pre-decoding IC UE

For pre-decoding IC UE, only modulation type and code set information are needed. On some commercial pre-decoding IC UE without NAIC, this set of information can be blindly detected from HS-PDSCHs. However, the detection error rate of the blind detection on TF will have an impact on the performance of pre-decoding IC UE. 

Some semi-static higher layer signalling, such as configuring a transmission pattern for the Macro NodeB and LPN and signalling such pattern to the IC UE could be considered to assist the pre-decoding IC. 
Another aspect of NAIC using semi-static higher layer signalling is that the UE complexity due to blind detection could be reduced.
Physical layer signalling for post-decoding IC UE

To enable the post-decoding IC on the NAIC UE, besides modulation and code set information, the TBS and RV information is needed. The TBS and RV information is very difficult to be detected blindly. Hence, explicit signalling is necessary to indicate such scheduling information to the victim IC UE. The scheduled TBS in Macro cell usually is different from TTI to TTI. Hence the TBS and RV information should be dynamically indicated by physical layer signalling for assisting post-decoding IC.
As illustrated in Fig. 1, one method [1] is to use explicit common HS-SCCH signalling to inform the UE_ID of an interfering Macro UE to the victim IC UE in the LPN. After obtaining the interfering UE_ID, the victim IC UE could monitor dedicated HS-SCCHs from Macro to detect the scheduling of the interfering UE. By extracting the scheduling information from the dedicated HS-SCCH, victim IC UE could try to cancel the interference by post-decoding based reconstruction.

[image: image1.emf]
Figure 1: Signalling of scheduling information for post-decoding NAIC UE
To enable post-decoding IC on NAIC UE, two types of signalling are necessary:
· Signalling for indicating potential interfering UE-ID: If an explicit signalling, such as common HS-SCCH is used to indicate this UE-ID, some explicit code and power resources need to be allocated for this signalling. Considering the LPN could be deployed in any position in the Macro area, this signalling should not be power controlled and should be decodable inside the entire coverage of the Macro cell;
· Dedicated HS-SCCH to the interfering UE: Originally, the dedicated HS-SCCH could be power controlled in the legacy network. However, if the post-decoding IC is introduced on NAIC UE, the power for the dedicated HS-SCCH needs to be set high enough to cover all possible LPN IC UEs inside the Macro coverage.
2.2 Methodology for evaluating NAIC signalling overhead on Macro
For pre-decoding IC UE
Pre-decoding IC UE does not need the TBS and RV information, which may change on a TTI basis. With respect to the modulation type of each code, the network could use some semi-static method, such as configuring a certain transmission pattern with a certain modulation. The signalling could be a new additional IE in legacy RRC signalling and usually semi-statically sent. The power overhead for this higher layer signalling is negligible and it can be assumed that for pre-decoding NAIC UE, the available power for HS-PDSCH on the Macro cell remains similar as in the legacy case.
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For post-decoding IC UE
Here we further analyze the power overhead caused by the two signalling for enabling the post-decoding IC. Both the common HS-SCCH signalling for UE-ID indication and the dedicated HS-SCCH will not be power controlled for the reason that all IC UEs in the Macro coverage need to decode these two signals to do post-decoding IC. This will increase the power consumption of the HS-SCCH signalling compared with legacy case, in which no common HS-SCCH is needed and the dedicated HS-SCCH can be power controlled. The power consumption of signalling for cancelling interfering HS-PDSCHs from one UE can be expressed as:
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where 
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is the power of common signalling for UE-ID indication and 
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 is the power for dedicated HS-SCCH covering the entire Macro cell.
Another aspect of the signalling overhead is the number of UEs to be cancelled. For the legacy case several UEs could be scheduled simultaneously in the same TTI, which means the power could be allocated to multiple interfering UEs. From the above analysis, one set of common HS-SCCH and dedicated HS-SCCH is needed for indicating scheduling information of one interfering UE. If multiple interfering UEs are assumed to be cancelled simultaneously on NAIC UE, then the power overhead will be multiplied by factor of interfering UE numbers. This could be expressed in the following equation:
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where N is the number of UEs assumed to be cancelled simultaneously on post-decoding IC UE. Assuming in legacy scenarios the available power for HS-PDSCHs is 
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and the average power used by power controlled dedicated HS-SCCH is 
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, for the scheme of signalling scheduling information for post-decoding IC UE, the remaining power available for HS-PDSCH on Macro cell can be calculated as follows:
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In Section 3, based on equations (4)
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 and 
The number of interfering UEs to be cancelled has an impact on the power consumption of the Macro cell as well as on the UE complexity. As well know, the post-decoding IC UE needs to decode the interfering TB and then do the reconstruction of the interfering signal for each interferer. Therefore, if multiple interfering UEs are assumed to be cancelled, the decoding resource on post-decoding IC UE will increase accordingly. In consideration of the above, a proper number of interfering UEs should be assumed to be cancelled on post-decoding IC UE, and this should be captured in the link-level simulation assumptions for post-decoding NAIC UE evaluation.
3. Initial evaluation of signalling overhead at the Macro cell  
Following the methodology in section 2 for evaluating the impact on the Macro capacity due to the signaling overhead the power consumption of common UE-ID signaling 
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,  power consumption of power controlled dedicated HS-SCCH 
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 and the power of dedicated HS-SCCH for full coverage 
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 are evaluated. 
3.1 Power consumption of dedicated HS-SCCH
We use the simplified HetNet topology in [2] to evaluate the dedicated HS-SCCH power consumption. The simulation assumptions are the same as in [2].
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Figure 2: Simplified HetNet topology

The dedicated HS-SCCH from Macro should have sufficient quality at the IC capable LPN UE. Assume the UE at L3 and L4 needs to perform post-decoding IC. As the Macro does not know which LPN UE needs the HS-SCCH information, there is no power control on HS-SCCH and it should be transmitted at fixed power. The geometry for receiving Macro HS-SCCH at L3 and L4 are 3.9dB and -1.2dB, respectively. Assume the channel is PA3, UE is single receiver Rake, and Macro HS-SCCH is type 1. The HS-SCCH BLER performance at L3 and L4 with different Macro HS-SCCH Ec/Ior are shown in the table below.

Table 1: Power consumption for dedicated HS-SCCH

	Macro HS-SCCH Ec/Ior (dB)
	HS-SCCH BLER
(1 rx rake receiver )

	
	L3
	L4

	-10dB
	1%
	4.8%

	-8dB
	0.4%
	2.9%


It can be seen that if UE at L4 needs to perform post-decoding IC, even with -8dB HS-SCCH Ec/Ior, the BLER is as high as 2.9%. This could have direct impact to the post-decoding IC performance, as there is no IC gain when HS-SCCH is not decoded correctly. As there is no power control on HS-SCCH, -8dB Ec/Ior would be consumed at the Macro consistently for the full coverage dedicated HS-SCCH. Therefore, we consider 
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 for initial evaluation.

For power controlled dedicated HS-SCCH used in legacy network, we use the value of -12dB as the typical average value for 
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3.2 Power consumption of common UE-ID signaling

The detailed format design for the common UE-ID indication has not been proposed. Therefore, we just use the format of HS-SCCH type1 for this initial evaluation. According to Table 1, we see that the HS-SCCH type 1 needs about -8dB power overhead to cover all IC UEs in LPN. Therefore, we use the value of -8dB for an explicit UE-ID indication signaling.
3.3 Signaling overhead of Network assisted post-decoding IC 

According to the proposed methodology in section 2.2 and the values adopted in section 3.1 and 3.2, we can obtain the initial evaluation on signaling overhead for network assisted post-decoding IC. From the results in Table 2, we can see that the power overhead is very large even for only one interfering UE. The power overhead will further increase if multiple interfering UEs are scheduled on Macro. This power overhead will have a large impact on the performance of Macro cell.
Observation: The explicit physical layer signaling to enable the post-decoding IC UE will introduce significant loss on Macro throughput.

Table 2: Initial evaluation for signaling overhead of network assisted post-decoding IC
	Number of interfering UEs
	1
	2
	3
	4

	Power overhead for NA post-decoding IC signaling
	24%
	48%
	72%
	96%


4. Conclusions
Signalling for NAIC is discussed for pre-decoding and post-decoding IC. Higher layer semi-static signaling could be used for assisting pre-decoding IC UE while RRS pattern is applied and physical layer signaling is necessary to enable the post-decoding IC UE.

A methodology for evaluating the signaling overhead for NAIC UE is proposed in Section 2.2. Based on this methodology and link-level simulations, an initial evaluation suggests that the impact of this signaling overhead for post-decoding NAIC is substantial and needs to be carefully considered in the evaluation of the post-decoding IC. For pre-decoding NAIC, however, the impact of the higher layer signaling is expected to be negligible. As an example, this higher layer signalling could be simply an additional IE in the current RRC signalling.

Observation: The explicit physical layer signaling to enable post-decoding IC UE introduces a significant loss on Macro throughput.
Proposal: The methodology for the evaluation of the impact of the signalling that enables NAIC is captured in the TR. 
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