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Discussion/Decision
1. Introduction

In RAN Plenary #62, the network Assisted Interference Cancellation (NAIC) was approved as one work item of the Hetnet WID RP-132074 [1]. The following aspects were proposed to be considered in the Rel-12 specification.

· NAIC (Network Assisted Interference Cancellation) - Consider using NAIC to enhance LPN edge UE performance. Both pre-decoding and post-decoding IC should be considered and the gains and reliability of needed signaling to enable IC should be evaluated. Specify the aspects which ensure  the impact on Macro capacity is minimized:
· Network signaling that enables IC at the UE. RAN1/2/3)

· Specify NAIC UE requirements. (RAN1/4)
·  Support for coordinated scheduling between macro and LPNs. (RAN1/2/3)
· The design should ensure that the impact on non-IC capable legacy UEs is minimized. 
This contribution shows that the RRS pattern based coordinated scheduling can be used together with separate CQI adjustments on the network side only. The UE can use legacy CQI estimation. Performance evaluation shows that the gain for IC edge UEs is attractive by using network based separate adjustment loops for CQI values for RRS and non-RRS subframes.
2. RRS pattern based scheme for legacy IC UE
2.1 Legacy IC UE

As analyzed in [2], the modulation type and code set information can be blindly detected without any network indication, hence the blind detection based pre-decoding IC UE can be deployed as legacy commercial IC UE in current networks. For the post-decoding IC UE new signaling is needed. 
The CQI mismatch is a common issue for both pre-decoding and post-decoding IC UE. To resolve the CQI mismatch, the RRS pattern can be applied on the NodeB for both legacy IC UE and new IC UE. This contribution focuses on the scheme of configuring RRS pattern on the NodeB to benefit the IC UE with legacy CQI estimation and filtering. The scheme is independent of the CQI estimation algorithm used at the UE and the RRS pattern is not needed to be indicated to the UE. Another contribution [3] focuses on further enhancements of the RRS scheme for the new UEs.
2.2 RRS scheme for legacy IC UE
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Figure 1 RRS pattern based NAIC scheme for Legacy IC UE

The RRS pattern based coordinated scheduling can be used with legacy IC UEs by just applying the RRS pattern on Macro and LPNs. According to [2], two separate CQI values need to be maintained for RRS and non-RRS to ensure good performance on RRS. Legacy IC UEs use legacy CQI estimation and filtering over all the subframes, independently if RRS or non-RRS (UE has no knowledge of the pattern). The CQI adjustment is done only at the network side. By using separate CQI adjustment control loops for RRS and non-RRS subframes, the network can maintain separate CQI values for RRS and non-RRS subframes for each legacy IC UE. The detailed RRS pattern scheme for legacy IC UE is illustrated in Figure 1. The various aspects are discussed below.  
2.2.1 RRS pattern generation
In Hetnet deployment, the RNC configures mobility measurements on each UE. While the related events are triggered, the measurement reports conveying the RSCP or Ec/No for different cells will be sent to the RNC. The RNC can get the knowledge of the UE location distribution, and based on this information generate a proper RRS pattern. The RRS subframes are used to improve the IC UEs’ performance between Macro and LPN edge, so the ratio of the RRS subframes should be related to the percentage of IC cell edge UEs in the LPN cell.

2.2.2 New Iub signalling for RRS pattern configuration

When the RRS pattern is determined by the RNC, the pattern needs to be configured on the Macro cell and LPNs. A new Iub signalling can be introduced to achieve this objective. The Iub signalling should indicate which subframes in a pattern belong to RRS subframes, and also the type of restricted resource , e.g. the modulation or code number.
Besides the information of RRS pattern, the new Iub signalling can also indicate to the LPN about the information of the LPN IC UEs recommended to be scheduled on RRS subframes. The RNC knows the measurement quantities of each LPN UE, such as RSCP or Ec/No of each LPN UE. Hence the downlink RSCP difference of the serving and interfering cell can be evaluated. Based on this information the RNC can choose the LPN edge IC UE with a strong interference to be scheduled on the RRS subframes with high priority. Other LPN UEs will be scheduled on non-RRS subframes.
2.2.3 Coordinated scheduling based on the pre-configured RRS pattern

Once the RRS pattern is configured on the Macro NodeB and the related LPNs using Iub signalling, the Macro NodeB and related LPNs should do the coordinated scheduling based on the pre-configured RRS pattern.
On the Macro cell, optimized scheduling could be applied to produce the pre-configured RRS pattern. Only the edge Macro UEs with low CQIs are scheduled on the RRS subframes, and this could minimize the impact on the Macro cell performance because the percentage of the RRS subframes is determined based on the UE location distribution as mentioned in Section 2.2.1.
On the LPN cell, the recommended LPN edge IC UEs will be scheduled with high priority on the RRS subframes. For the reason that the better and stable interference environment is scheduled on RRS subframes, the performance of legacy IC UE will be improved. Other LPN UEs, such as LPN centre UEs and non-IC UEs, could be scheduled on non-RRS subframes.
2.2.4 Separate CQI adjustment loops for RRS and non-RRS subframes
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Figure 2 Illustration of separate CQI adjustment loops for RRS and non-RRS subframes
A major benefit of the RRS pattern scheme is mitigating the CQI mismatch. To achieve this, separate CQI values should be maintained for RRS and non-RRS subframes. This can be achieved by the new IC UE. If the RRS pattern is indicated to the UE, the new IC UE can do the estimation and filtering of the CQI values separately for RRS non-RRS subframes [3].
However, as illustrated in Figure 2, for legacy IC UE the RRS pattern is unknown, so the IC UE does not know which is RRS subframe and which is non-RRS subframe. The UE then will estimate the CQI as done in legacy operation, in which the large variation of the residual interference caused by the IC efficiency difference is filtered together to get one CQI value across RRS and non-RRS subframes. This degrades performance as will be shown in the evaluation part.
Therefore, the task of maintaining separate CQIs for RRS and non-RRS subframes is left to the network. As shown in Figure 2, the solution is using two individual CQI adjustment loops respectively for RRS and non-RRS subframes. It is well known that the network based CQI adjustment has been widely used in current commercial network. So maintaining two individual adjustment control loops for RRS and non-RRS subframes should be a straightforward enhancement to the current network.
As illustrated in Figure 2, separate CQI adjustment is applied individually for RRS-subframes and non-RRS subframes for each LPN IC UE. On RRS subframes, a correction value is estimated and the scheduled CQI for RRS subframes is maintained so the BLER of the scheduled transport block converges to the BLER target. On non-RRS subframes, another scheduled CQI value is maintained to make the TB scheduled on the non-RRS subframes converge to the target BLER. It is known that, there is a stable and better interference structure on RRS subframes, so the maintained scheduled CQI values on RRS subframes is larger than that on non-RRS subframes.

The CQI adjustment on the network side uses the statistical BLER value and the target BLER to maintain the correction values for RRS and non-RRS. The correction values are applied upon the reported CQI value curve which is reported by the legacy IC UE with legacy/normal CQI estimation and filtering operation. And based on the correction values, LPN gets separate CQI values for RRS and non-RRS subframes. The reported CQI from the legacy IC UE is filtered between the RRS subframes and non-RRS subframes. This means the network based CQI adjustment does not need to know any parameter regarding the CQI estimation and feedback delay on UE side.
3. Performance evaluation
In this section, the network based separate CQI adjustment loops are simulated for RRS pattern based coordinated scheduling. Besides the legacy IC UE of blind detection based pre-decoding IC UE, the post-decoding IC UE using the legacy/normal CQI estimation is also simulated to show the effectiveness of the network based separate CQI adjustment for RRS scheme.
3.1 Simulation assumptions
The simulation framework in the TR 25.800 and the link level simulation assumptions are given in the Annex. The following scenarios are simulated: 
· Baseline: No RRS pattern is applied between Macro cell and LPN. Macro UEs are scheduled based on CQI feedback as normal operation. In order to capture the impact of CQI mismatch, a practical scheduler on Macro cell is assumed. The scheduled CQI distribution in Macro cell is obtained from the system level simulation. And based on this CQI distribution, the interfering link is modeled in the Macro cell. This models a a practical scheduler in Macro cell, in which different Macro UEs’s CQI are scheduled in the Macro link on different TTIs.
· RRS pattern without network based separate CQI adjustment: RRS pattern is applied on Macro and LPN. Only one CQI adjustment loop is used across RRS and non-RRS subframes. This means both on UE and network side, the residual interferences on RRS and non-RRS subframes are filtered together to get only one CQI for each legacy IC UE.
· RRS pattern with network based separate CQI adjustment: RRS pattern is applied on Macro and LPN. The separate two CQI adjustment loops are used respectively for RRS and non-RRS subframes for each legacy IC UE. Separate CQIs are maintained for RRS and non-RRS subframes.
3.2 Simulation results
Table 1 lists the legacy IC UE performance gain compared with type 3i UE. Both the modulation based RRS pattern and the code number based RSS pattern are simulated.
Table 1 Performance of legacy IC UE on RRS subframes (only performance on RRS subframes is calculated)
	
	Baseline w/o RRS pattern
	RRS pattern on(QPSK based RRS subframes)
	RRS pattern on(10code number based RRS subframes)

	LPN UE
	
	w/o separate CQI adjustment
	with separate CQI adjustment
	with separate CQI adjustment
	with separate CQI adjustment

	L1
	37.17%
	54.41%
	84.74%
	42.22%
	56.39%

	L2
	26.53%
	42.70%
	70.99%
	31.50%
	41.91%

	L3
	21.94%
	36.98%
	62.67%
	27.35%
	37.69%

	L4
	15.13%
	26.14%
	42.24%
	19.34%
	28.59%


From the Table 1, the following can be observed:
· Without network based separate CQI adjustment: the RRS pattern based coordinated scheduling can bring increased IC gain for legacy IC UE. On QPSK restricted RRS subframes, the IC gain is increased by only 10~19%, and on 10 code number restricted RRS subframes the IC gain is increased by only 5% for LPN edge IC UE.
· With network based separate CQI adjustment loops: IC gain on RRS subframes is further improved. On QPSK restricted RRS subframes, the IC gain is increased significantly by 27%~47%, and on 10 code number restricted RRS subframes the IC gain is increased by only 13%~19% for LPN edge IC UE.

Table 2 shows the performance of network based separate CQI adjustment when the RRS pattern is applied for post-decoding IC UE. The post-decoding IC UE still uses legacy CQI estimation and filtering operation.

Table 2 Performance of post-decoding IC UE on RRS subframes (post- decoding IC UE with legacy CQI estimation and filtering)
	LPN UE
	Baseline w/o RRS pattern
	RRS pattern on (TBS threshold based RRS subframes)

	
	
	w/o separate CQI adjustment
	with separate CQI adjustment

	
	UE CQI filtering factor: 1/8，CQI delay=4 TTI
	UE CQI filtering factor: 1/8，CQI delay=4 TTI
	UE CQI filtering factor: 1/8，CQI delay=4 TTI
	UE CQI filtering factor: 1/4，CQI delay=4 TTI
	UE CQI filtering factor: 1/2，CQI delay=4 TTI
	UE CQI filtering factor: 1/8，CQI delay=5 TTI
	UE CQI filtering factor: 1/8，CQI delay=6TTI

	L1
	57.58%
	72.35%
	92.96%
	91.28%
	83.05%
	91.40%
	90.35%

	L2
	43.06%
	56.45%
	81.53%
	83.65%
	73.29%
	81.04%
	80.53%

	L3
	35.56%
	48.83%
	77.32%
	78.17%
	71.76%
	77.99%
	76.81%

	L4
	24.30%
	37.56%
	64.63%
	62.86%
	57.56%
	64.24%
	65.07%


Performance on RRS pattern is improved about 13~15% without separate CQI adjustment. If the separate CQI adjustment is used on network side, very attractive increment (about 40%) of IC gain is observed while RRS pattern is used. This results show that for post-decoding IC UE, the RRS pattern scheme can bring very attractive gain on RRS subframes even the CQI estimation on UE side is normal operation like legacy UE.
From Table 2, it is seen that the performance of RRS pattern with separate CQI adjustment loops is not sensitive to the CQI filtering parameter and CQI delay. This means that this solution can have good performance with no requirement on the CQI filtering parameter and delay on UE side.
From the above simulations, we observe that if separate CQI values are maintained by network for RRS and non-RRS subframes, the IC gain on RRS subframes significantly improves and is attractive for cell edge IC UEs.
Observation 1: Network based separate CQI maintenance for RRS and non-RRS subframes can achieve attractive IC gains for both legacy pre-decoding IC UE, and post-decoding IC UE using legacy CQI estimation.

4. Specification impact of RRS pattern for legacy IC UE

To support RRS pattern based coordinated scheduling for legacy IC UE or post-decoding IC UE using legacy CQI estimation, a new Iub signalling is needed to configure the RRS pattern on Macro cells and LPNs.
Proposal 1: Introduce Iub signalling to indicate the RRS pattern to Macro and LPNs.
5. Conclusion

The RRS pattern based coordinated scheduling is described for legacy IC UE, and post-decoding IC UE with legacy CQI estimation. The network based coordinated scheduling is used on the network side to maintain separate scheduled CQIs for RRS and non-RRS subframes.
The evaluation shows that for both legacy IC UE and post-decoding IC UE with legacy CQI estimation the RRS pattern can bring significant IC gain improvement for cell edge IC UE if the network based separate CQI adjustment is used. It is concluded that RRS pattern based coordinated scheduling works with legacy IC UE, and post-decoding IC UE using legacy CQI estimation. To achieve this, a new Iub signalling is proposed to be introduced to configure the RRS pattern on Macro and LPNs.

Further enhancements for new IC UE are discussed in [3]. .
Proposal 1: Introduce Iub signalling to indicate the RRS pattern to Macro and LPNs.
6. Appendix
6.1 Simulation assumptions 
Link level evaluation simulation assumptions used in Section 3.1 are given below (same assumptions as in [2]).
Network Layout
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Figure 3: Network Layout which is mapped to the Link level simulation
Link level simulation assumption

Table 3 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 for both Baseline type3i and legacy pre-decoding IC UE.

	Spreading factor for

HS-PDSCH
	16

	Simulated Interference
	TBS threshold based RRS pattern:

· The Threshold is used on RRS subframe. Only the TB size whose corresponding CQI is less than the threshold is scheduled;

· On non-RRS, no any restrition on the TB size and format.



	
	For modulation RRS pattern:

· On RRS subframes: QPSK+15codes;

· For Non-RRS: Variable, CQI based AMC restricition;

	
	For code number RRS pattern: 

· On RRS subframes: restricted code numbers (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 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
	Legacy IC UE (blind detection based Pre-decoding IC receiver)

Post-decoding IC UE with normal CQI estimation and filtering


7. References
[1] RP-132074, UMTS Heterogeneous Networks enhancements, Huawei, HiSilicon, China Unicom, NSN, Alcatel-Lucent, Ericsson, Qualcomm, ZTE .
[2] TR 25.800, Technical Report on UMTS Heterogeneous Networks, V12.1.0.
[3] R1-140684, CQI mismatch with NAIC in Hetnet, Huawei, HiSilicon.
[4] R1-140686, RRS pattern based coordinated scheduling for new IC UEs, Huawei, HiSilicon.






























8/8

_1452409212.vsd
Drag the side handles to change the width of the text block.



_1452097373.vsd
Text


Drag the side handles to change the width of the text block.


Drag the side handles to change the width of the text block.


Scheduled Macro UEs


Small TBS


TB size


Scheduled CQI for the edge IC UE on the LPN


High CQI


Scheduled CQI


Small TBS


RRS


Non-RRS


RRS


Non-RRS


Non-RRS


Non-RRS


Small TBS


TBS threshold on RRS subframes


High CQI


RRS Pattern


Measured CQI on Legacy IC UE


instant CQI


Measured CQI


Instant CQI


instant CQI


instant CQI


instant CQI


Instant CQI



