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1. Introduction

Network Assisted Interference Cancellation and Suppression can be split in two parts. The first part is the basic feature and refers to the set of functionalities that would be available to legacy Ues from release 11 and upward. The set of functionalities in the basic feature is discussed in [2] and [3] and constitute the core of the NAICS functionality. The second part is the set of potential optimizations that could be available for the upcoming release 13 Ues. In this paper, we list the potential optimization discussed so far and assess their impact versus potential benefits.
2. Potential Optimization 
2.1. HARQ-ACK Optimization

In [1] the possibility of reducing the amount of transmitted power was discussed. The contribution proposes that the HARQ codebook be reduced in order to save power. This stems from the fact that during an offloading only one of the two sites carries data and therefore needs an HARQ feedback. 
2.1.1. HARQ – ACK optimization for Multiflow Case 1

For single carrier, the UE reuses the HS-DPCCH physical channel mapping of Multiflow case 1 to enable reporting both the serving cell and the second best cell CQI. For HARQ, the table used in that case is table 15C.1 in TS 25.212 [5]. This table is constructed to report HARQ-ACK information for the two cells. However, a UE using NAICS only has an HS-DSCH connection in a single cell. In table 1 we reproduce the codewords used when only the serving cell carries data, which is the case for NAICS. 

Table 1 Codewords for case 1 HARQ-ACK message

	HARQ-ACK
message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	HARQ-ACK when UE detects a single scheduled transport block on the serving HS-DSCH cell

	ACK
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	NACK
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


As one can see, the two codewords are the code maximum Hamming distance (d=10) and the codebook corresponds to the HARQ-ACK codebook for release 5 Ues with a single carrier as shown in table 15.B in TS 25.212. Compared to Rel-5, MF case 1 HARQ ACK handling requires about 2dB extra in power. It is thus possible to re-use the HARQ-ACK codebook and handling for release 5, and by extension save power, when the UE uses the HS-DPCCH mapping of Multiflow case 1.
Proposal 1: use HARQ-ACK handling for release 5 single-carrier when the UE is using the HSDPCCH mapping of Multiflow case 1 for the purpose of NAICS offloading. 
2.1.2. HARQ – ACK optimization for Multiflow Case 3 

The UE reuses the HS-DPCCH physical channel mapping of Multiflow case 3 to enable reporting CQI for one serving cell as well as for a secondary serving cell and a candidate serving cell. For HARQ, the table used in that case is table 15C.3 in TS 25.212 [5]. In table 2 we reproduce the codewords used when only the serving cell and the secondary serving cell carry data, which is the case for NAICS. 

Table 2 Codewords for case 3 HARQ-ACK message

	HARQ-ACK message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	A/D/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	D/A/D
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	D/N/D
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1

	A/A/D
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	A/N/D
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	N/A/D
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	N/N/D
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1


As one can see, the minimum distance of the reduced code set is d=4 and the codebook corresponds to the HARQ-ACK codebook for release 8 Ues with DC-HSDPA as shown in table 15C.1 in TS 25.212. It is thus possible to re-use the HARQ-ACK codebook and handling for release 8 when the UE uses the HS-DPCCH mapping of Multiflow case 3.
Proposal 2: use HARQ-ACK handling for release 8 DC-HSDPA when the UE is using the HSDPCCH mapping of Multiflow case 3 for the purpose of NAICS offloading. 
2.1.3. HARQ – ACK optimization for Multiflow Case 5 

The UE reuses the HS-DPCCH physical channel mapping of Multiflow case 5 to enable reporting CQI for one serving cell as well as a candidate serving cell and a candidate secondary serving cell. The HARQ table used in that case is table 15C.3 in TS 25.212 [5]. In table 3 we reproduce the codewords used when only the serving cell carries data, which is the case for NAICS. 

Table 3 Codewords for case 5 HARQ-ACK message

	HARQ-ACK message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	A/D/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


As one can see, the two codewords are the code maximum Hamming distance (d=10) and the codebook corresponds to the HARQ-ACK codebook for release 5 Ues with a single carrier as shown in table 15B in TS 25.212. Compared to Rel-5, MF case 5 HARQ ACK handling requires about 2dB extra in power. It is thus possible to re-use the HARQ-ACK codebook and handling for release 5, and by extension save power, when the UE uses the HS-DPCCH mapping of Multiflow case 5.
Proposal 3: use HARQ-ACK handling for release 5 single-carrier when the UE is using the HSDPCCH mapping of Multiflow case 5 for the purpose of NAICS offloading.
2.1.4. HARQ – ACK optimization for Multiflow Case 11 

The UE reuses the HS-DPCCH physical channel mapping of Multiflow case 11 to enable reporting CQI for one serving cell as well as a secondary serving cell, a candidate serving cell and a candidate secondary serving cell. The HARQ table used in that case is table 15C.2 in TS 25.212 [5]. In table 4 we reproduce the codewords used when only the serving cell and the secondary serving cell carry data, which is the case for NAICS.

Table 4 Codewords for case 11 HARQ-ACK message

	HARQ-ACK Message
to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	AA/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	AN/D
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1

	NA/D
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0


As one can see, the minimum distance of the reduced code set is d=3. However, this code set is extracted from the code book built for Release 9 4C HSDPA. A codebook with the same subset of messages but better (i.e. larger) Hamming distance was proposed in release 8 as shown in table 2. It is thus possible to re-use the HARQ-ACK codebook and handling for release 8 when the UE uses the HS-DPCCH mapping of Multiflow case 11.
Proposal 4: use HARQ-ACK handling for release 8 DC-HSDPA when the UE is using the HSDPCCH mapping of Multiflow case 11 for the purpose of NAICS offloading. 
2.2. Potential optimization of the CQI field

2.2.1. Time Multiplexing of serving and candidate site CQIs 

A proposal in [1] suggests time multiplexing periodically the CQI information for the second site in the serving site HS-DPCCH slot position. This would allow reporting less CQI per TTIs (1 instead of 2 in single carrier and 2 instead of 4 in dual carrier) and therefore save power since the power offset would be lower. 

This proposal, however, is not an optimization of the basic NAICS feature, which is based on Multiflow cases. To enable this proposal means new HSDPCCH mappings for NAICS in the imbalance region as well as a procedure for setting up the multiplexing patterns. This proposal is therefore unsuitable as an optimization.
Observation 1: Time multiplexing of serving and candidate site CQIs is not possible as an optimization of the basic NAICS feature and therefore should not be specified. 
3. Conclusions
This contribution summarized the proposed optimization for NAICS. HARQ-ACK optimization is possible for some of the cases of NAICS. However time multiplexing of CQIs has major impact and cannot be viewed as an optimization of the basic NAICS solution which is based on the reuse of Multiflow cases. The following observation and proposals were made: 

Proposal 1: use HARQ-ACK handling for release 5 single carrier when the UE is using the HSDPCCH mapping of Multiflow case 1 for the purpose of NAICS offloading. 

Proposal 2: use HARQ-ACK handling for release 8 DC-HSDPA when the UE is using the HSDPCCH mapping of Multiflow case 3 for the purpose of NAICS offloading. 

Proposal 3: use HARQ-ACK handling for release 5 single carrier when the UE is using the HSDPCCH mapping of Multiflow case 5 for the purpose of NAICS offloading.

Proposal 4: use HARQ-ACK handling for release 8 DC-HSDPA when the UE is using the HSDPCCH mapping of Multiflow case 11 for the purpose of NAICS offloading. 
Observation 1: Time multiplexing of serving and candidate site CQIs is not possible as an optimization of the basic NAICS feature and therefore should not be specified. 
4. References
[1] R1-155989, Enhancements for UL interference reduction and UE power saving, Huawei, HiSilicon, RAN1#82b, Malmö, Sweden, 2015. 
[2] R1-157359, View on specification changes for enabling offloading for NAICS, Ericsson, RAN1#83, Anaheim, CA, 2015.
[3] R1-157360, View on CQI forwarding over NBAP, Ericsson, RAN1#83, Anaheim, CA, 2015.
[4] TR 25.766, Network-Assisted Interference Cancellation and Suppression for UMTS, 3GPP, 2015.
[5] TS 25.212 Multiplexing and channel coding (FDD).
[6] TS 25.214 Physical layer procedures (FDD).
