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1. Introduction

Restricted Resources Subframe on Transport Format (RRS on TF) [1] is one method to improve the performance of the offloaded UEs with advanced IC capability. In this contribution we provide further results based on the agreed simulation framework in [2].
Network Assisted Interference Cancellation (NAIC) has been discussed during the Hetnet study, and aims at resolving the strong interference issue for LPN edge UEs while range expansion is used. Several contributions on NAIC were discussed and it seems that there can be two directions for NAIC operation. One is physical layer signalling to the IC UE and the other one is higher layer signalling while applying some form of coordinated scheduling. RRS on TF can be seen as a form of coordinated scheduling. Considerations and gains of applying RRS pattern are further addressed in this contribution.
2. Aspects of Restricted Resource Sub-frame on TF
2.1 Motivation

In RAN1#72, simulation results show that for pre-decoding IC at the UE, IC gains are different if different modulation type and code number of interfering UEs are scheduled [1]. For example, if QPSK interference is scheduled, the IC gain is larger than that with 16QAM or 64QAM interference. The smaller number of interfering HS-PDSCH codes will also bring more IC gains. For pre-decoding IC receiver, the reason behind these gains is that the reconstruction of the interfering HS-PDSCHs is more accurate while low order modulation type or fewer codes for HS-PDSCHs are scheduled in the interfering cell. Thus, if the LPN schedules the victim IC UE in a better interference environment, like the interferer uses low order modulation type or smaller number of interfering codes, the victim IC UE can obtain more IC gain and the performance of LPN edge IC UE could be further improved.
2.2 Restricted Resource Subframe 
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Figure 1: One example for Restricted Resource Subframe on Transport Format
The RRS on TF solution aims at scheduling the advanced IC UEs in the LPN in a better interference environment, where for example the interferer signals use low order modulation and/or fewer codes.
One example is illustrated in Figure 1. The RNC will negotiate a pre-configured TTI pattern between the Macro and the related LPNs. On Macro NodeB, some specific TTIs, which are called RRS subframes, are indicated to only transmit some pre-defined transport format, such as QPSK+15codes. On the LPN side, the victim IC UE can have higher IC gain on RRS with QPSK modulation, hence the LPN should schedule LPN IC UE on the restricted resource subframes with higher priority. As shown in section 3.1.2, the victim IC UE on LPN edge will achieve larger IC improvements on RRS subframes compared with IC UE in LPN centre, hence on RRS subframe LPN should schedule the IC UE on the LPN edge with higher priority.
Another benefit of the RRS subframe is the steady interfering environment on RRS subframes. From section 2.1, we know that with different TF of interfering signals, the pre-decoding IC efficiency is different. In legacy case the Macro cell schedules different Macro UEs randomly and so the modulation type of macro cell signal is changed TTI to TTI. This interfering environment changing will cause the CQI mismatch issue and cause the performance degradation. For the RRS subframe, there is no CQI mismatch issue because the modulation type of interfering signal is not changed.
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Figure 2: Another example for Restricted Resource Subframe on Transport Format
Another example of RRS pattern is illustrated in Figure 2. On the RRS type1 subframes, only Macro UEs with TF of QPSK are scheduled, and on the RRS type2 subframes, only the Macro UEs with TF of 16QAM are scheduled. 
For RRS type1 subframes, LPN schedules the IC UE at the cell edge with higher priority because the LPN edge IC UE will have larger IC improvements when the TF of interfering signal is QPSK. Also there is no CQI mismatch issue on the RRS type1. 

For the RRS type2 subframes, the interfering signal uses consistently 16QAM modulation, so there is no CQI mismatch issue on RRS type2. Therefore, if other LPN IC UEs, such as cell centre IC UE (e.g., location L5 in Figure 3), is scheduled on RRS type2, the IC performance could be improved because of the steady interfering environment. 
Finally, when two types of RRS are introduced, more RRS gain is introduced. Also the impact on the Macro cell could be further minimized by some scheduling optimization on the Macro cell. For example, the scheduling sequence of Macro UEs could be rearranged so that the UE with TF of QPSK to be scheduled on RRS type1 and the UE with TF of 16QAM to be scheduled on RRS type2.
The restriction of the modulation type for some subframes is only one way to implement resource restrictions at the Macro NodeB. The restricted resource could be the scheduled code numbers on Macro cells. The detailed restricted format for RRS subframe could be indicated together with the pattern information through higher layer signaling, such as additional IE in RRC signaling.
2.3 Target scenario
In presence of NAIC capable UEs, the RNC will offload more Macro UEs to the LPNs by for example using a larger CIO, in order to obtain more scheduling gain from LPN. In this case, the victim IC UE operates under strong interference and the IC gain is expected to be large. The RRSoTF operation aims at collecting more IC gains for the victim UE in the LPN cell edge.

The target metric for RRSoTF operation is the performance of LPN cell edge IC UE. However the use of an RRS pattern may lead to gains for the overall network considering several LPNs will benefit from restricting the scheduling at a single Macro site.
3. Performance Evaluation
Link level simulations [4] showed that the performance of the victim IC UE is improved when applying RRS. Further results are shown here using the agreed simulation framework for NAIC evaluation [2]. In addition, we simulated the impact of a longer CQI delay during RRS operation due to the RRS pattern. A different CQI feedback delay is considered for RRS and non-RRS: 6 TTI delay for RRS subframes and 4 TTI delay for non-RRS subframes .
3.1 Link level evaluation

3.1.1 Simulation assumptions 
Network Layout

The following network layout proposed by [2] is used in the simulation.
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Figure 3: Network Layout which is mapped to the Link level simulation
Link-level Mapping

Based on the path loss assumption agreed for the Hetnet evaluation, the received signal powers at different locations are listed in Table 1 , which are the inputs for the link level simulations. 

Table 1  Received signal powers at each UE location
	UE Location
	LPN Ior / Ioc [dB]
	Macro Ior / Ioc [dB]
	Macro2 Ior/Ioc [dB]

	L1
	5.2774
	18.555
	0.92192

	L2
	8.3307
	18.003
	0.66949

	L3
	12.144
	17.59
	1.1988

	L4
	16.951
	17.167
	1.6937

	L5
	23.603
	16.737
	2.1588

	L6
	34.812
	16.302
	2.5979

	L7
	-12.658
	24.273
	4.2725

	L8
	-10.256
	15.356
	1.9603

	L9
	-20.806
	6.9397
	4.8632

	L10
	-18.964
	15.547
	2.6975

	L11
	-20.781
	10.415
	7.7891

	L12
	-28.111
	3.8369
	10.577


Link level simulation assumption
The link level simulation assumption in Table 1 is used in the simulation. In RAN1#73, some concern is raised that the CQI delay may be longer for the RRS because of the RRS Pattern. Hence, in this simulation we use 6TTI CQI delay for RRS and 4 TTI delay for non-RRS.
Table 2 Link level simulation assumptions.

	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	HS-PDSCH Ec/Ior
	-1dB

	Spreading factor for

HS-PDSCH
	16

	Simulated Interference
	For RRS: QPSK+15codes
For Non-RRS: Variable, CQI based AMC

	TBS
	Variable

	CQI Feedback Cycle
	1 TTI

	CQI Feedback Delay for RRS
	6 TTI

	CQI Feedback Delay for non-RRS
	4 TTI

	CQI feedback error
	0 %

	HS-DPCCH ACK/NACK feedback error
	0 %

	Maximum number of HS-DSCH codes
	15

	Number of HARQ Processes
	6

	Maximum Number of H-ARQ Transmissions
	4

	Propagation Channel Type
	PA3

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Pre-decoding IC receiver


3.1.2 Simulation results
IC gains for different interfering Macro UEs

Similar to [3], 36 different combinations of LPN IC UE and Macro UE are simulated. The results are shown in Table 3.
Table 3 IC gains for LPN pre-decoding IC UE while different interfering Macro UEs are scheduled

	IC gain relative to type3i
	LPN IC UE position

	
	L1
	L2
	L3
	L4
	L5
	L6

	Macro Interfering UE position
	L7
	16.92%
	10.54%
	10.05%
	9.78%
	6.04%
	0%

	
	L8
	37.32%
	24.28%
	19.05%
	13.19%
	7.86%
	0%

	
	L9
	68.50%
	53.32%
	44.22%
	32.24%
	14.69%
	0%

	
	L10
	36.14%
	22.45%
	18.92%
	14.10%
	8.57%
	0%

	
	L11
	58.75%
	46.12%
	38.99%
	25.42%
	13.02%
	0%

	
	L12
	79.86%
	67.49%
	67.16%
	45.13%
	21.88%
	0%


Table 3 shows that for a different Macro UE as interfering UE, the LPN pre-decoding IC UE has different IC gain. For example, for the LPN IC UE on location L1, when the Macro UE on L7 is scheduled as interfering UE, the IC gain over type3i of LPN IC UE is about 17%; however, when the Macro UE on L12 is scheduled, the IC gain over type3i of LPN IC UE increases up to 80%. This is due to the different IC efficiency when the interfering signal has a different format (modulation types and code numbers). The Macro UE on L7 has a large CQI and so usually a large TBS with 16QAM or 64QAM is scheduled; on the contrary, the feedback CQI for Macro UE on L12 is small and it is likely that QPSK type with a small TBS is scheduled.  This observation aligns with our results in previous contributions [1] in RAN1#72, which showed that the pre-decoding IC gain will increase when the interference signal with lower order of modulation or fewer codes is scheduled.
The different IC efficiency for different interfering signals causes another issue with respect to the CQI estimation. For example, for LPN IC UE on L1, assuming the CQIL9 is estimated on one TTI while Macro UE on L9 is scheduled, then next time (TTI cycle) the LPN selects a TB size based on this CQIL9, but instead a different Macro UE may be scheduled, say for example Macro UE on L7. The selected TB size based on CQIL9 may be too large because the IC efficiency is lower when the interfering UE is L7. This CQI mismatch issue will decrease performance. On non-RRS subframes, there is no RRS pattern configured, and the scheduled interfering Macro UE is selected by the Macro cell randomly, so the TF for the interfering signal is unpredictable by the LPN. This causes the mismatch issue and the performance degradation on non-RRS subframes.
RRS gains
Results for the following cases are shown in Table 4.
· Pre-decoding IC (Baseline): The baseline is pre-decoding IC UE on non-RRS sub-frames, on which the transport formats (modulation type and code set) at the Macro NodeB are scheduled TTI by TTI (normal operation, no restrictions, Macro UEs are scheduled based on CQI feedback). Based on the above discussion on CQI mismatch during the normal operation, in order to capture this impact of CQI mismatch, a round-robin scheduler on Macro cell is assumed. The 6 Macro UEs in positions L7 to L12 are scheduled based on the CQI: the TF of each scheduled Macro UE is chosen based on the CQI. The typical value of 4 TTI delay is assumed as CQI delay.
· Pre-decoding IC with RRS. As an example to illustrate the performance, the RRS pattern in Figure 1 is used (1/6 is an RRS subframe) and the QPSK modulation and 15 HS-PDSCH codes are scheduled on the Macro link. To reflect the impact of longer CQI delay caused by the RRS pattern, a 6 TTI delay is assumed for the RRS subframe.
Table 4  Performance of pre-decoding IC with RRS vs. non-RRS
	LPN UE
	Pre-decoding IC on Non-RRS sub-frame

(4 TTI of CQI delay)
	Pre-decoding IC on RRS sub-frame (6 TTI of CQI delay)
	RRS gain over non-RRS

	
	IC gain relative to type3i
	IC gain relative to type3i
	

	L1
	34.30%
	69.53%
	26.23%

	L2
	25.58%
	56.32%
	24.48%

	
	
	
	

	L3
	22.24%
	51.63%
	24.04%

	L4
	17.23%
	34.60%
	14.81%

	L5
	12.64%
	13.13%
	0.44%

	L6
	0%
	0%
	0%


Table 4 shows that for LPN IC UEs on location of L1, L2, L3 and L4, RRS can bring about 15%~25% gain compared with that for non-RRS subframe, even if a larger CQI delay is assumed for the RRS case. For LPN IC UEs on L5, there is no RRS gain because the strength of Macro interfering signal is weak and the difference for the IC efficiency is small for different interfering Macro UEs. For L6, there is no IC gain because the strength of interfering signal is too weak. So UE on L6 could just turn off the advanced IC functionality.
From the topology in Figure 3 we can see that the UEs on L1, L2, L3 and L4 are LPN cell edge UEs corresponding to different CIO parameters, and UEs on L5 and L6 are LPN cell center UEs. LPN can allocate all the RRS sub-frames to the LPN edge IC UE, and then there will be 15%~25% gain for the LPN edge IC UE. For example, if L1~L6 are all served by the LPN, and all of the RRS sub-frames in the RRS pattern are allocated to the LPN IC UE on L1, the performance of LPN edge UE on L1 will be improved about 25% while RRS pattern is applied.
Observation 1: The RRS pattern improves the performance of the LPN edge IC UE significantly.
3.2 System level evaluation for Macro cell
System level simulation assumptions are given in Table 5.
Table 5 System simulation assumptions
	Parameters
	Values and comments

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Cell Layout
	57 cell hexagonal (19 NodeB, 3 sectors per Node B with wrap-around)

	Numbers of UE per Macro Cell
	16 UEs

	Inter-site distance
	500 m

	The deployment of LPNs
	Co-channel with Macro cells

	Maximum Tx Power of LPNs
	30dBm

	Number of LPNs in a Macro cell
	4

	Dropping criteria for LPNs
	LPNs are randomly and uniformly distributed within a macro cell.

	Dropping criteria for UEs
	1/2 hotspot

	RE of LPN
	3dB, 6dB

	UE receiver
	Type3i

	Scheduler on Macro
	w/o OP: no optimization on macro scheduler.

	RRS Pattern
	One RRS in every 6 subframes(1/6 Pattern)


Performance of Macro cell with and without RRS pattern is evaluated. In the simulations, the scheduling algorithm is proportional fair scheduler. For a Macro UE scheduled on RRS TTIs, independently of the CQI value, the Macro cell uses a TF with QPSK modulation to transmit even if the TB size would be reduced.
Table 6 System level evaluation (Gain of LPN IC UE for RRS is NOT included)
	CIO applied on LPN
	3 dB
	6 dB

	RRS Ratio
	no-RRS
	1/6 (1 RRS TTI every 6 TTIs)
	Gain of RRS vs. no-RRS
	no-RRS
	1/6 (One RRS in every 6 TTIs)
	Gain of RRS vs. no-RRS

	Average Macro Sector Throughput (Mbps)
	10.67
	10.26
	-3.89%
	10.91
	10.46
	-4.15%


Table 6 shows that for both 3dB CIO and 6dB CIO, the performance of Macro cell with and without RRS is similar. Therefore the impact of RRS Pattern on macro cell is limited. The simulation here does not consider any scheduling optimization on Macro cell. If some scheduling optimization is done on Macro cell, the impact on macro performance could be further minimized. 
With respect to the overall system performance for HetNet, we know that typically there are usually multiple Pico cells deployed inside one Macro cell. Even considering the RRS gain is scaled by the RRS ratio for the reason that the RRS gain is obtained only on RRS sub-frame, however consider the multiple LPNs deployed in Macro, the performance gain of RRS should be multiplied by the LPN number for the overall performance evaluation. More LPNs are deployed more gains introduced by RRS will be obtained. Based on this, the RRS pattern can still introduce significant gain on LPN. For the overall system, there may be some gains considering that multiple LPNs are deployed in one Macro cell.
Observation 2: The impact of RRS pattern on Macro performance is limited.
Observation 3: Since multiple LPNs are usually deployed within a Macro cell area, the gains due to RRS pattern of the LPN cell-edge UEs may lead to some overall system gains. 
4. Conclusions
The performance of the RRS pattern is evaluated based on the agreed simulation framework proposed for NAIC [2]. Link-level simulations show that while applying RRS pattern the performance of the LPN edge IC UE significantly improves. System-level simulations show that the impact of RRS pattern on macro capacity is limited. Considering that usually multiple LPNs are deployed in one Macro cell, the RRS gains observed in one LPN should be multiplied by the number of LPNs. Hence, when applying RRS pattern, there may be some gains for the overall system performance in HetNet.
Observation 1: The RRS pattern will improve the performance of the LPN edge IC UE significantly.
Observation 2: The impact of RRS pattern on Macro performance is limited.  
Observation 3: Since multiple LPNs are usually deployed within a Macro cell area, the gains due to RRS pattern of the LPN cell-edge UEs may lead to some overall system gains. 
Based on the above observations, we propose the following:
Proposal: It is proposed to capture this study of RRS pattern in the TR. 
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