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1. Introduction

One of the topics listed in the NAICS SID is to “Identify the parameters to support UE with NAICS capability, for example semi-static/dynamic, cell-specific/UE-specific parameters”.  During RAN1#81, one contribution outlined some of the signaling that may be useful for a UE with IC capability [1]. In this paper, we continue the discussion on potential signaling to enable NAICS in IC UEs and possible signaling for improved performance. 
2. Signaling for NAICS
2.1. Required Signaling for IC
In order to reconstruct an interferer for cancellation, an IC enable UE may require / benefit from knowledge of the set of parameters summarized in table 1. Note that all the required parameters can be obtained via the interferer HS-SCCH channel. Accessing this channel requires, however, that the IC algorithm has access to the interferer UE-ID, e.g. it’s H-RNTI. On the other hand, blind parameter estimation is always possible but comes at a cost in term of receiver complexity.
	
	
	Parameter Name
	Complexity for Blind estimation
	HS-SCCH occupancy

	
	TFRI: Transport format Related Information (part 1 in HS-SCCH)
	Channelization code set
	High
	7bits

	
	
	Modulation Type
	Very low
	1bit

	
	
	S-CPICH parameters and PCI info (MIMO only)
	High
	2bits for PCI (code set available via RRC signaling)

	
	
	HS-DSCH Power offset
	High
	N/A (available via RRC signaling)

	For post decoding IC only
	HARQ  related parameters (part 2 in HSSCCH Decoding parameters)


	Transport block size
	Very high
	6bits

	
	
	HARQ process number, RV, new data indicator
	Very high
	7 bits in total


Taking a look at the complexity required for blind estimation, we observe for example that due to their dynamic nature (changing every TTI), blind estimation of the power offset and the spreading code used by the interferer’s HS-DSCH channel would require frequent and exhaustive searches. Therefore it could be advantageous to signal these parameters to the UE. Moreover, when post decoding IC is used, knowledge of the decoder parameters (i.e. the redundancy version, HARQ process number, and new data indication) is required to decode and cancel the interferer. 

In the current specification, the power offsets for the channel are signaled via higher layer signaling, while the rest of the parameters are sent via HS-SCCH. MIMO related parameters are sent either via HS-SCCH (for PCI information), or higher layer signaling (S-CPICH codes). 

Signaling the information to the interference cancellation receiver can be done by communicating the UE ID of the interferer to the victim UE and then let the UE demodulate the interferer HS-SCCH to obtain the required information.  This solution is less costly in terms of transmitted channel overhead and avoids additional interference in the cell. However it may require more power in order to enable the victim UE to demodulate and decode the interferer’s control channel. Additionally, in order to reduce complexity, the UE may choose what parameters are needed to be decoded. For example, pre-decoding IC UEs may choose to only decode part 1 of the HS-SCCH message. 

Observation 1: the UE-ID of the interferer can be signaled in order to allow the IC UE to access the interferer’s HS-SCCH and decode its parameters. 

Observation 2: Pre-decoding IC UEs may limit the decoding of HS-SCCH data only to the part one (i.e. the first of the 3-slots) of the shared channel message.  

2.2. Required Signaling for Offloading
2.2.1. Signaling for solution 1
Solution 1 uses Event 1D as the signal to trigger the offloading procedure. In order to reconfigure the event 1D content, a measurement control message from the RNC is required to switch between the SNR and SINR definitions. Moreover, a message for activation/deactivation of the measurement is required. 

2.2.2. Signaling for solution 2

Link quality for the active cell and the second best cell are reported using HS-DPCCH. The format of HS-DPCCH is described in [3]. 
Link measurement should be forwarded from the node B to the RNC where the decision for offloading is performed.  The type of signaling for this message should be discussed. The signal is UE specific and may change every TTI.

Solution 2 uses an event 1D based suppression algorithm in order to avoid unwanted requests for cell changes during offloading. The signaling used to enable this algorithm is described in a RAN2 paper [2]. 

2.2.3. Signaling for solution 3

The signaling for solution 3 is similar to the one used during multiflow, i.e. CQI is reported using a SF-DC multiflow-based HS-DPCCH format for mapping both the active cell and the second best cell [3]. The CQI reports are UE specific and may change every TTI.

As in solution 2, CQI measurement should be forwarded by the node B to the RNC where the decision for offloading is performed.  The type of signaling for this message should be discussed.

2.3. Required Signaling for CQI mismatch

The proposed CQI mismatch solution requires communication between the collocated nodeBs for sharing scheduling information regarding the interference type of the interferer. The signaling consists of a message specifying the interferer type. Type 1 is for low order modulation such as QPSK while type 2 is for higher order modulation (e.g. 16QAM and higher) and is UE specific. Moreover, given the dynamic nature of the interferer (change every TTI), the signaling frequency for the message may be required per TTI. The message is sent between collocated base stations, via the RNC. 
In the CQI mismatch solution presented in [4] The UE signals interferer type corresponding to the measured CQI using a new extended CQI range. Therefore a new CQI value range needs to be agreed upon to report the combined CQI and interferer information as detailed in the TR [5]. Note that this range depends on the number of interferers. If a single interferer is signaled, then the CQI value range is doubled to cover the type 1 or type 2 interferer. If more interferers are included, the CQI table needs to be further extended to account for the additional combinations of interferer types.  It is noted that in the presented solution, the CQI value is filtered over time with respect to the CQI type, i.e. type 1 interference and type 2 interference would have to be processed over different filters. 
Conclusion
 This paper carries on the discussion on potential signaling to enable NAICS in IC UEs and possible signaling for improved performance. Topics for signaling related to interference cancellation, offloading algorithms and CQI mismatch issues are mentioned. The following observations are made:
Observation 1: the UE-ID of the interferer can be signaled in order to allow the IC UE to access the interferer’s HS-SCCH and decode its parameters. 

Observation 2: Pre-decoding IC UEs may limit the decoding of HS-SCCH data only to the first part (i.e. the first of the 3-slots) of the shared channel message.  
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