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1. Introduction

Network Assisted Interfering Cancellation (NAIC) was proposed as one important topic in Hetnet Co-channel study, aiming at resolving the strong interference issue for LPN edge UE while range expansion is used. Coordinated scheduling was proposed as one possible direction for network assistance for advanced IC UE [1]

 REF _Ref367622648 \r \h 
[2].
The pattern based coordinated scheduling has been studied for pre-decoding IC receiver. So far the evaluation mainly focused on restricting/coordinating the modulation type on RRS subframe. In this contribution, we show the performance of the RRS pattern while code numbers used in Macro cell are restricted.
2. Pattern based coordinated scheduling for pre-decoding IC UE

Simulation results for pre-decoding IC show that IC gains are different if different modulation type and code number of interfering UEs are scheduled [3]. 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. 

The pattern based coordinated scheduling, which is also named as RRS on TF solution, aims at scheduling the advanced IC UEs in the LPN in a better interference environment, where for pre-decoding IC UE the interferer signals use low order modulation and/or fewer codes. The victim pre-decoding IC UE can obtain more IC gain and the performance of LPN edge IC UE could be further improved.
2.1 Modulation type pattern for co-ordinated scheduling

One example for the RRS pattern on TF is based on the modulation type scheduled in the Macro cell, which is illustrated in Figure 1. This has been detailed discussed and evaluated before RAN1#74bis [1][2]. It was shown that while modulation type pattern based coordinated scheduling is used, the LPN IC edge performance is significantly improved for the reason of high IC efficiency and stable CQI estimation.
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Figure 1: Example of modulation type pattern based coordinated scheduling
2.2 Code number pattern for co-ordinated scheduling

The restricted resource could be also 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.
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Figure 2: Example of code number pattern based coordinated scheduling
One example is illustrated in Figure 2. The RNC will negotiate a pre-configured TTI pattern between the Macro and the related LPNs. On Macro NodeB, RRS subframes are indicated to only transmit the the TF with fewer codes than 7. On the LPN side, the victim IC UE can have higher IC gain on RRS with fewer codes of interfering HS-PDSCHs, hence the LPN should schedule LPN IC UE on the restricted resource subframes with higher priority. Another benefit of the code number pattern based coordinated scheduling is the steady interfering environment on RRS subframes. With the same number of interfering HS-PDSCH codes, the IC efficiency is more stable on the RRS subframe. The CQI mismatch issue is resolved by the pattern based coordinated scheduling.
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Figure 3: Another example for code number pattern based coordinated scheduling
Another example of the code number pattern is illustrated in Figure 3. On the RRS type1 subframes, only Macro UEs with equal or fewer codes than 5 are scheduled, and on the RRS type2 subframes, only the Macro UEs with with equal or fewer codes than 10 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 large IC improvements when the code number of interfering signal is equal to or less than 5. Also there is no CQI mismatch issue on the RRS type1 for the reason of stable IC efficiency on RRS type1. 

For the RRS type2 subframes, the interfering signal uses the TF with the code number of 6 to 10, 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 4 REF _Ref363656184 \h 
 \* MERGEFORMAT ), is scheduled on RRS type2, the IC performance could be improved because of the steady interfering environment. 

3. Performance evaluation for code number pattern based coordinated scheduling
Link level simulation for modulation type pattern based coordinated scheduling [1]

 REF _Ref367126908 \r \h 
[3]

 REF _Ref363503613 \r \h 
[5] have shown the improved LPN IC gain. Here evaluate the IC performance when code restriction is applied in the Macro cell.
3.1 Link level evaluation simulation assumptions 
Network Layout

The following network layout proposed by [1][4] is used in the simulation.
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Figure 4: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 2 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 4 TTI delay for non-RRS evaluation. For RRS, we use both 4 TTI and 6TTI CQI delay respectively to give the results while different RRS pattern length is applied..
Table 2 Link level simulation assumptions.

	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	HS-PDSCH Ec/Ior
	-1dB

	Common channel cancellation
	Turned on: CPICH, P-CCPCH and SCH from Macro cell are cancelled using pre-decoding IC method.

	Spreading factor for

HS-PDSCH
	16

	Simulated Interference
	For RRS: restricted code numbers (5, 7 and 10 codes are simulated), modultion type is determined based on CQI value.
For Non-RRS: Variable, CQI based AMC without code number restricition

	TBS
	Variable

	CQI Feedback Cycle
	1 TTI

	CQI Feedback Delay for RRS
	4 TTI;

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


3.2 Simulation results
Results for the following cases are shown in Table 3 and 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. The code number pattern is applied. On RRS subframe, 5, 7 and 10 codes restriction are simulated. The CQI delay of 4 TTIs is simulated and the results are given in Table 3. To reflect the impact of longer CQI delay caused by a longer RRS pattern, the results with a 6 TTI delay are given in Table 4.
Table 3  Performance of pre-decoding IC with RRS vs. non-RRS (CQI delay for RRS is 4 TTI)
	LPN UE
	Pre-decoding IC on Non-RRS sub-frame(4 TTI of CQI delay)
	Pre-decoding IC on RRS sub-frame (4 TTI of CQI delay)

	
	No restriction on code number of Macro signal
	Code number = 5 on Macro cell
	Code number = 7 on Macro cell
	Code number = 10 on Macro cell

	
	IC gain relative to type3i
	IC gain relative to type3i
	RRS gain over non-RRS
	IC gain relative to type3i
	RRS gain over non-RRS
	IC gain relative to type3i
	RRS gain over non-RRS

	L1
	34.30%
	70.78%
	27.16%
	62.66%
	21.12%
	51.96%
	13.15%

	L2
	25.58%
	59.66%
	27.14%
	49.04%
	18.68%
	41.93%
	13.02%

	L3
	22.24%
	56.11%
	27.71%
	47.01%
	20.26%
	36.45%
	11.62%

	L4
	17.23%
	43.71%
	22.59%
	36.50%
	16.44%
	27.85%
	9.06%

	L5
	12.64%
	25.17%
	11.12%
	22.63%
	8.87%
	16.64%
	3.55%

	L6
	3.69%
	7.26%
	3.44%
	6.89%
	3.08%
	6.55%
	2.76%


Table 3 shows that for LPN IC UEs on location of L1, L2, L3 and L4, 7 codes restriction on RRS can bring about 15~20% gain compared with that for non-RRS subframe. This means that if a 4 TTI pattern is applied, the example in Figure 2 can bring 15~20% gain on RRS subframe. LPN can allocate all the RRS sub-frames to the LPN edge IC UE, and then there will be 15%~20% gain for the LPN edge IC UE. For example, the LPN UEs on L3~L6 are served by the LPN (CIO = 6dB), if all of the RRS sub-frames in the RRS pattern are allocated to the LPN IC UE on L3, the performance of LPN edge UE on L3 will be improved about 20% while RRS pattern is applied.
Similarly, for the example in Figure 3, the LPN edge UE (for example UE on L3) can obtain 25% gain on RRS type1 with 5 codes interfering HS-PDSCHs, and the other IC UE (for example UE on L4) can still obtain 10% gain on RRS type2. 
Table 4 Performance of pre-decoding IC with RRS vs. non-RRS (CQI delay for RRS is 6 TTI)
	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)

	
	No restriction on code number of Macro signal
	Code number = 5 on Macro cell
	Code number = 7 on Macro cell
	Code number = 10 on Macro cell

	
	IC gain relative to type3i
	IC gain relative to type3i
	RRS gain over non-RRS
	IC gain relative to type3i
	RRS gain over non-RRS
	IC gain relative to type3i
	RRS gain over non-RRS

	L1
	34.30%
	61.06%
	19.92%
	51.43%
	12.75%
	41.44%
	5.32%

	L2
	25.58%
	48.60%
	18.33%
	39.98%
	11.47%
	32.09%
	5.18%

	L3
	22.24%
	47.24%
	20.45%
	36.82%
	11.92%
	28.22%
	4.89%

	L4
	17.23%
	34.60%
	14.82%
	28.23%
	9.39%
	20.45%
	2.74%

	L5
	12.64%
	19.64%
	6.22%
	15.47%
	2.51%
	9.48%
	-2.80%

	L6
	3.69%
	5.62%
	1.86%
	4.78%
	1.05%
	2.51%
	-1.14%


Table 4 shows that for LPN IC UEs on location of L1, L2, L3 and L4, 7 codes restriction on RRS can still bring almost larger than 10% gain compared with that for non-RRS subframe even a larger CQI delay of 6 TTIs is assumed for the situation of long pattern. This means if a 6 TTI Pattern is applied, the example in Figure 2 can bring more than 10% gain on RRS subframe. LPN can allocate all the RRS sub-frames to the LPN edge IC UE, and then there will be more than 10% gain for the LPN edge IC UE. For example, while CIO is 6dB, the UEs on L3~L6 are served by the LPN, and if all of the RRS sub-frames in the RRS pattern are allocated to the LPN IC UE on L3, the performance of LPN edge UE on L3 will be improved more than 10% while RRS pattern is applied.
Similarly, if the example in the Figure 3 is applied and a 6 TTI pattern is configured, the LPN edge UE (for example UE on L3) can obtain 20% gain on RRS type1 with 5 codes interfering HS-PDSCHs, and the other IC UE (for example UE on L4) can still obtain 15% gain on RRS type2. 

For LPN IC UEs on L5 and L6, there is no RRS gain because the Macro interfering signal is weak and the difference for the IC efficiency is small for different interfering Macro UEs. The LPN IC UE could be scheduled on non-RRS. For UE on L6, the advanced IC functionality should not be used.
Based on above simulation results, we have the following observation.
Observation 1: Similar to the modulation restriction, the RRS pattern with code number restriction improves the performance of the LPN edge IC UE significantly.
4. Conclusions
The pattern based coordinated scheduling for pre-decoding IC UE has been proposed and discussed in previous meetings. As one example, the modulation type pattern based coordinated scheduling has been evaluated [2] and captured in the TR [1].

As another example, the code number pattern based coordinated scheduling, RRS on code number, is discussed in this paper. The link level simulation shows that  similarly like modulation type restriction, The RRS pattern with code number restriction also improves the performance of the LPN edge IC UE significantly.
Observation 1: Similar to the modulation restriction, the RRS pattern with code number restriction improves the performance of the LPN edge IC UE significantly.
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