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Discussion
1. Introduction
During the NAICS study, several solutions have been proposed for the objective of NAICS offloading:
· Study mechanisms for offloading UEs with NAICS capability (RAN1, RAN2).

In this contribution, a summary of the NAICS offloading is provided. Enhanced offloading based on long term CQI is considered to be beneficial to enhance the offloading for the UE with advanced receivers.
2. Discussions
2.1 Benefits of enhanced offloading mechanism
During the HetNet study, enhanced offloading mechanisms have been identified to be beneficial for the UEs with advanced receivers, e.g., IC capability. Several solutions have been proposed in the HetNet study. However, as offloading is of secondary priority in the HetNet study, which is also the case for NAICS, the topic of offloading enhancement was on hold with the following conclusion in RAN1#77 [1]:
It is RAN1 opinion that feedback from the UE to help offloading decision at the network is useful, but the specific nature of the feedback has not been established.

Load balancing is beneficial to the network system performance. It is one of the important features in carrier aggregation, multiflow and HetNet. In co-channel deployment, load balancing is generally achieved by setting the CIO parameter. System level simulations with burst traffic assumptions in HetNet conducted by various companies are provided as an example, showing that with load balancing by extending the CIO towards the LPN, significant gain can be observed. 
In Table 1, the gain differences of various CIOs (0dB, 3dB, 6dB) are revisited. The data is excerpted from a simulation summary in [2]. In the simulations, LPN power is 30dBm and LPN number is 4. Gain is calculated as the performance of HetNet over that of HomoNet without LPN deployments. It can be observed that for all companies’ results, the gain is increased as the CIO increases. With the increased CIO, offloading ratio, calculated as the ratio of the number of UEs served by all LPNs and by all Macros, is also increased. As a result, it has been concluded that a reasonable CIO towards low load cells is beneficial to the system performance.
Table 1

	LPN Power
	LPN Num
	CIO

[dB]
	Offloading [%]
	16 UE/Macro
	Company

	
	
	
	
	Average Burst Rate Gain
	Median Burst Rate Gain 
	5% Burst Rate Gain
	

	30 dBm
	4
	0
	29%
	142%
	
	448%
	Qualcomm

	
	
	3
	36%
	169%
	
	706%
	

	
	
	0
	35%
	177%
	240%
	201%
	CHTTL

	
	
	3
	43%
	194%
	269%
	338%
	

	
	
	0
	28%
	247%
	326%
	184%
	Renesas

	
	
	3
	39%
	318%
	487%
	456%
	

	
	
	6
	47%
	360%
	570%
	643%
	


However, for the individual UE performance, large CIO is not always beneficial. UE’s link performance at the cell edge needs to be carefully considered in offloading. During the HetNet study, it has been observed that for a certain CIO, especially for a large CIO, link performance varies quite a bit depending on UE receiver’s capability. Based on such observations, it has been concluded in RAN1#77 that offloading enhancements based on UE feedback are beneficial and need further study.
During the NAICS study, this issue was further investigated via link level simulations. It has been shown that under the same interference environment, link throughput difference for different receiver types is significant:
Table 2 Link level gains of Type 3i / IC over Type 3 in HetNet scenario
	
	L2
	L3

	Gain (Type 3i/Type 3)
	345%
	202%

	Gain(IC/Type 3)
	564%
	309%


Table 3 Link level gains of Type 3i / IC over Type 3 in HomoNet scenario
	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8

	Gain (Type 3i/Type 3)
	26%
	32%
	41%
	62%
	45%
	71%
	107%
	167%

	Gain(Pre-decoding IC/Type 3)
	38%
	45%
	57%
	88%
	66%
	102%
	154%
	251%


Long term CQI/SINR reflecting the long term link throughput has also been studied. Similarly, long term CQIs for different types of UE receivers of the candidate serving cell would be very different. Table 4 and Table 5 are derived from the TR25.766 by converting the SINR values to CQI values.
Table 4 Long term CQI at the candidate serving cell in HetNet scenario
	Location
	CQI_LPN

Type 3
	CQI_LPN

Type 3i
	CQI_LPN

Predecoding IC

	L1
	2.17
	12.3
	16.2

	L2
	5.93
	15.5
	18.9

	L3
	10.37
	19.2
	21.9

	L4
	15.27
	22.7
	24.6

	L5
	21.01
	25.8
	26.8

	L6
	28.22
	28.7
	29.2


Table 5 Long term CQI at the candidate serving cell in HomoNet scenario
	Location
	CQI_Cell2

Type 3
	CQI_Cell2
Type 3i
	CQI_Cell2
Predecoding IC

	L1
	9.17
	13.3
	13.9

	L2
	7.43
	11.6
	12.2

	L3
	5.52
	9.8
	10.4

	L4
	2.59
	7
	7.9

	L5
	13.69
	18.9
	20

	L6
	11.52
	17.4
	18.8

	L7
	9.23
	15.8
	17.4

	L8
	6.4
	13.5
	15.6


In summary, long term CQI/SINR information of the serving cell and the candidate cell at the RNC is beneficial.  If the network has the knowledge of the UE’s long term CQI of the candidate serving cell, the network would only offload the UEs with acceptable after-offloading performance to the candidate serving cell. In this way poor link throughput after offloading of a UE with a less advanced receiver can be avoided.
2.2 Summary of offloading enhancement solutions
During the NAICS study, simulation results have shown that at the same location with large interference, the link level performance of a pre-decoding IC UE can be 309%~564% better than that of a Type 3 UE in HetNet scenario, and 38%~251% better than that of a Type 3 UE in HomoNet scenario. With the knowledge of the long term CQI/SINR reflecting link level performance, the network is able to offload UEs with acceptable link level performance to the candidate cell. Range extension can then be applied to UE with advanced receiver according to link level performance after offloading.
Due to the benefit of long term CQI/SINR reporting, several solutions have been proposed to report long term CQI/SINR:

a. SINR measurement report for the serving cell and the candidate cell on RRC signalling [4]
b. Long term CQI report for the serving cell and the second best cell on HS-DPCCH [5]
c. SF-DC CQI report on HS-DPCCH [6]
For solution a, the RRC signalling is reported when a pre-determined criterion is met or reported periodically to the RNC. The SINR is reported from the UE to the RNC directly. For example, when the SINR of the candidate serving cell is higher than a certain threshold set by the network, or when the SINR difference of the serving cell and the candidate serving cell is within a threshold set by the network. The benefit of solution a with pre-determined criterion is the reduced amount of interference in the uplink. .

For solution b, long term CQI is firstly reported to the NodeB, then the NodeB reports the long term CQI to the RNC. The long term CQIs are reported with a certain reporting cycle. RNC can determine when to offload the UE with various methods based on the long term CQIs. It is up to the RNC to use any feasible algorithms, including the two criteria mentioned for solution a. The amount of uplink interference can be controlled by using an extended long term CQI reporting cycle. However, the Cell ID introduced in the HS-DPCCH would require additional complexity at the UE. If the second best cell is fixed and known at both the network and the UE, Cell ID can be indicated implicitly to the NodeB and the legacy HS-DPCCH slot format can be reused.
Solution c is very similar to solution b. However, legacy CQI is reported and long term CQI derivation is done at the NodeB. Similar to solution b, the NodeB sends the long term CQI to the RNC and it is up to the RNC to make offloading decisions based on the long term CQIs. Legacy HS-DPCCH slot format is reused. As the UE is always reporting 2 CQIs with a short cycle, uplink interference is to be considered.
In addition, as discussed in [3], further enhancements considering the benefits of solution b and c are also discussed. By reporting long term CQI for candidate serving cell with a long cycle while legacy CQI for serving cell with a short cycle, uplink interference can be reduced, without introducing a new slot format of HS-DPCCH.

In summary, all solutions are able to obtain long term CQI/SINR information at the RNC. It is desired to consider a solution with minimum amount of impact to implementation as well as reduced uplink interference to the network. 
3. Conclusions
In the NAICS study, it has been identified that the feedback of long term CQIs is useful for offloading decision at the RNC. Considering the solutions having been proposed so far, it is desired to consider a solution with minimum amount of impact to implementation as well as reduced uplink interference to the network. A TP [7] is also attached for approval. It is proposed:
Proposal: Specify an enhanced offloading solution with minimum amount of impact to implementation and reduced uplink interference to the network.
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