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Discussion and Decision
1. Introduction

Cell range expansion is one major technique for obtaining system gains in co-channel HetNet scenarios. However, the DL interference from the macro cell causes a bad link performance for the offloaded UEs and this has become the bottleneck for the system gain when using a large CIO bias. From the system simulations, we can see that while CRE is applied the geometry of LPN UEs will decrease a lot, and the low geometry UEs become a substantial portion of the LPN UEs. 
To mitigate the DL interference, the use of advanced IC receivers is proposed to be considered in the Hetnet study in the last meeting [1][2]. Considering a larger CIO could be applied when advanced IC UEs are present in the network, this in turn will increase the percentage of low geometry UEs between the LPN UEs. Therefore, it is very important and meaningful to improve the link performance of the low geometry LPN UEs.
Restricted Resources Subframe on Transport Format (RRS on TF) [1] is just one method to improve the performance of low geometry UEs with advanced IC receiver.  This paper will first illustrate the RRS on TF method, and furthermore the benefit and impact will be shown with simulation results in Section 3.
2. Restricted Resource Sub-frame on the TF
2.1 Performance improvement for the low geometry LPN UEs
The main scope for introducing RRS on TF is optimizing/guaranteeing the link performance for the low geometry IC UEs in the LPN when CRE is applied.

Table 1 lists the percentages of low geometry LPN UEs respect to all LPN UEs for differente CRE values. The values in Table 1 are obtained from system simulations when 4 LPNs with 30dBm transmission power are deployed with 1/2 hotspot scenario. The detailed simulation assumptions are given in Table 4 in the Appendix. From Table 1, we can see that with a larger CRE, the geometry for the LPN UEs degrades significantly and the percentage of low geometry UE increases substantially. For example, when CRE is not applied, there are only 30% of LPN UEs working in geometry less than 0dB. However, for CIO equals to 3dB, 6dB and 9dB, the percentage of low geometry LPN UEs becomes ~52%, ~52% and ~60%, respectively. These results show that when CRE is used, the UEs with the low geometry will become a major part of the LPN UEs. Therefore, firstly the link performance for the low geometry LPN UEs will have significant impact on the overall system performance. Secondly, the link performance of the LPN edge UEs becomes worse than that when CRE is not applied. Thus, improving performance for the low geometry LPN IC UEs becomes very important when CRE is used. In addition, considering a larger CIO could be applied when LPN UEs are IC capable, the percentage of low geometry LPN UEs would be high. 
Table 1  The percentage of low geometry LPN UEs within overall LPN UEs when different CIOs are applied (4 30dBm LPNs are randomly dropped and 1/2 hotspot criteria is used for UE dropping)

	CRE parameter(CIO, dB)
	Percentage of LPN UEs with the geometry less than -5dB
	Percentage of LPN UEs with the geometry between -5dB ~ 0dB

	0dB
	~2%
	~ 28%

	3dB
	~20%
	~32%

	6dB
	~22%
	~30%

	9dB
	~35%
	~25%


2.2 RRS on TF
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Fig. 1 Restricted Resource Sub-frame on Transport Format

In R1-130510 [1], one method of restricting the transport format on some specific TTIs in the macro cell is proposed to guarantee/improve the performance of the low geometry LPN IC capable UEs. As illustrated in Fig. 1, the RNC will negotiate a pre-configured TTI pattern between the Macro and the related LPNs. On Macro NodeB, some specific TTIs are indicated to only transmit some pre-defined transport format, such as QPSK+15codes, or one of TF from a pre-defined TF set. On the LPN side, the low geometry IC UE has higher priority to be scheduled on these restricted resource sub-frames. Some aspects of the RRSoTF are analyzed in Section 3.
3. Discussion on the RRS on TF mechanism

3.1 Performance gain for low geometry IC UE introduced by RRSoTF
While the RRS on TF pattern is introduced on Macro NodeB, the performance advantage for the low geometry LPN UE comes from two aspects. One is the increased IC gain on RRS when the TF of Macro HS-PDSCHs is restricted. The other is the performance gain introduced by a more accurate CQI estimation on RRSs. 
3.1.1 Increased IC gain 
The first benefit for the RRSoTF is the increased IC gain for the low geometry IC UE. We use link level simulation to indicate the increased IC gain under different conditions (combination of LPN UE SNR and interference strength). The link level simulation assumptions are given in Table 5 in the Appendix.

Table 2 gives the relative IC performance gain when the TF for the interference is restricted versus when it is not. The restricted TF value of the strongest interference here is QPSK+15codes. The baseline performance for each of the relative gain value is the advanced IC performance when different TFs of interference are randomly scheduled. The randomly scheduling for the different interference TFs is aligned with the realistic scheduled TF distribution on Macro NodeB.
From Table 2, we can see that in low geometry cases there is considerable relative gain when the interference TF is restricted to QPSK+15codes. This means when the low geometry LPN IC UE is scheduled on the RRS sub-frames with QPSK+15codes, the relative gain showed in the table can be obtained.
Table 2  relative gain when the TF of the interference is restricted to QPSK=15codes
	Relative gain introduced by restricting interference TF(Restricted TF is QPSK+15codes)

	　RSCPstrongest_Interference/RSCPserving
	SNR=30dB
	SNR=20dB
	SNR=10dB

	9dB
	5.73%
	9.15%
	15.91%

	6dB
	9.90%
	11.87%
	18.93%

	3dB
	8.93%
	12.06%
	19.10%

	0dB
	9.91%
	12.70%
	15.48%

	-3dB
	10.28%
	11.88%
	9.08%


3.1.2 Performance gain introduced from more accurate CQI estimation

The second benefit for RRSoTF is the link performance gain introduced by a more accurate CQI feedback corresponding to restricted resource subframes.
As shown in [1], the interference with QPSK TF will bring a better IC efficiency compared with an interference with 64QAM TF. From Table 3 we can see the increased IC gain when the interference TF is QPSK+5codes or QPSK+15codes compared with that when the interference TF is 64QAM+15codes. When the TF of the Macro UE on RRS is restricted to QPSK+5codes or QPSK+15codes, the advanced IC UE in the LPN can get about 20% ~ 25% of additional IC gain compared with the case when a TF of 64QAM+15codes is scheduled on Macro.
Table 3 shows the additional IC gains due to the different IC efficiency when the interference signal uses a different TF.  This additional IC gain corresponds to CQI value difference, which means with different TFs of interference the UE could get different CQI values.
Table 3 Additional IC gain when QPSK is used for interference compared with that when 64QAM+15codes is used for interference (SNR=30dB)
	RSCPstrongest_Interference/RSCPserving
	Additional IC gain obtained when interference TF is QPSK+5codes over that for 64QAM+15codes
	Additional IC gain when interference TF is QPSK+15codes over that for 64QAM+15codes

	9dB
	25.29%
	22.77%

	6dB
	25.03%
	24.48%

	3dB
	26.05%
	24.62%

	0dB
	24.62%
	22.57%

	-3dB
	25.46%
	22.27%


If RRS is not applied on the Macro cell, the scheduled TF on the Macro is arbitrary and changes from TTI to TTI. For an advanced IC UE in LPN, this might introduce a possible mismatch between the TBS that should have been selected considering the realistic transmission environment and the selected TBS which is determined by a CQI evaluated under a different TF interference. This inaccurate CQI can cause performance degradation. One method on the UE side to alleviate this problem is to feed back a weighted average CQI considering different TFs for the interference. However this will introduce link performance degradation for LPN IC UE.
If RRS on TF is used on the Macro cell, the interference TF is known by IC UE in advance. The IC UE can feed back the corresponding CQI value on RRS instead of a weighted average . This more accurate CQI feedback will improve the link level performance for the LPN IC UE.
3.2 Impact to the network
3.2.1 Limited Performance loss on the Macro caused by RRS
Some concern was raised in offline discussions regarding the throughput degradation on Macro cell caused by RRS on TF. The loss on Macro cell throughput can be minimized through scheduling method. If the scheduler on Macro can schedule the low geometry Macro UEs with higher priority on the RRS TTIs, the performance loss caused by the restricted TF can be controlled. Also, the RRS number in the RRS pattern could be adjusted according to the low geometry LPN IC UE numbers. Thus the throughput loss on the Macro cell caused by RRS can be controlled and minimized.

3.2.2 Synchronization requirements between Macro and LPN
If the Macro and LPN are synchronized, the RRSoTF will bring the best performance gain. GPS technology can be used to achieve tight synchronization within 3us accuracy or even in sub-us level, which is only about 10 chips.

However, the synchronization requirement may not be that high. If the timing on Macro and LPN are not tightly synchronized, the RRSoTF can still work and bring less gain for LPN edge IC UE compared with that in the tightly synchronized cases.

As illustrated in Fig. 2, if the Macro and LPN are not tightly synchronized, only the performance of the LPN IC UE scheduled on the last RRS could be influenced. For an IC UE, it should know the timing difference between LPN and Macro. So the influenced LPN UE can handle this timing difference and only the relative gain from RRS could not be obtained in the green labeled time period. Also if a LPN IC UE is just scheduled on the Non-RRS before the first RRS subframe on LPN, some part of the RRS gain could be still obtained in the yellow labeled time period.
In realistic deployment, there should be some balancing between the gain and the synchronization overhead.
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Fig. 2 Not tight synchronization requirements for RRSoTF
4. Conclusions
In this contribution, we discuss RRS on TF mechanism. The main scope of using RRS on TF is to improve the performance of low geometry LPN IC UEs, which are a substantial portion of the LPN UEs when CRE is applied.
Two aspects of performance gain when RRS pattern is introduced are discussed. One is the increased IC gain on RRS when the TF of Macro HS-PDSCHs is restricted. The other gain is the performance gain introduced by a more accurate CQI estimation on RRS. Based on the analysis and simulations, we conclude that the RRS on TF will improve the performance of the low geometry IC UEs in LPN. 
Proposal 1: Consider the RRS on TF in Hetnet as one method to improve the performance of the low geometry IC UEs in LPN.
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6. Appendix

Table 4  The system simulation assumption for getting the low geometry LPN UEs percentage

	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
	Hotspot: Randomly and uniformly dropping with Photspot of the total users within a radius, r, of LPN base station, and randomly and uniformly dropping of the remaining users in the entire macro geographical area of the given macro cell (including LPN area).
Type 1: Photspot = ½ 

The radius r of the LPN is equal to 35m and 60m when the LPN power is 30dBm and 37dBm, respectively.

	RE of LPN
	0dB, 3dB, 6dB, 9dB


Table 5 link level simulation assumption for increased IC gain from RRS

	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	HS-PDSCH Ec/Ior
	-1dB

	Spreading factor for

HS-PDSCH
	16

	Simulated Interference TFs
	Variable

	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

	BLER target
	10% after 1 transmission

	PCI/CQI Feedback delay
	12 slots

	Propagation Channel Type
	PA3

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Advanced IC receiver
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