Page 1



3GPP TSG-RAN WG1 Meeting #74bis 
R1-134677
Guangzhou, China, 7th – 11th October 2013

Agenda item:

6.3.2
Source:
Huawei, HiSilicon
Title:
Coordinated scheduling with post-decoding IC 
Document for:

Discussion and Decision
1. Introduction

Network Assisted Interference 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][2]. 
As described in the TR [1], two types of IC receivers, pre-decoding IC and post-decoding IC receivers, have been discussed. Coordinated scheduling has been studied so far for pre-decoding IC receiver. In this contribution, further study on pattern based scheduling for post-decoding IC UE will be discussed. 
2. Motivation for pattern based coordinated scheduling
2.1 Different IC efficiency for different interfering structure
As analyzed in [4] [5], one issue for the post-decoding IC UE is the mismatch between the scheduled TB size of the interfering UE and the channel quality from the interfering cell. 
Figure 1 illustrates this issue. On each TTI, the Macro cell schedules data with some specific TB size according to the CQI between the scheduled Macro UE and the Macro cell. Usually this CQI is fed back with the target of 10% BLER for decoding the TB by the Macro UE. The Macro cell schedules the Macro UE based on some scheduling algorithm, and from the victim IC UE’s point of view there is mismatch between the channel from the Macro cell and the scheduled TB size of the Macro UE. For example, if the Macro cell schedules a TB exceeding the block size which the channel quality between the Macro cell and the victim IC UE can afford, the CRC error rate for decoding the interfering HS-PDSCHs will be high. This will have significant impact on the performance for the post-decoding IC UE.
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Figure 1 Mismatch between scheduled TB size of interfering UE and the channel quality from interfering cell
In order to quantify this mismatch, we use the metric of successful rate for decoding interfering HS-PDSCHs. The simulation framework captured in [1] is used and is also shown in the Appendix. The simulated successful rate for decoding interfering HS-PDSCHs is given in Table 1.
From Table 1 we can see that while different Macro UEs are scheduled, the LPN IC UE will have different successful rates for decoding the Macro UE’s HS-PDSCHs. For UEs with relative high IC gain, for example for LPN UE positions L1~L4, the successful rate for decoding the interfering HS-PDSCHs ranges from about 15% to 98%. This means that while the Macro schedules different UEs from L7 to L12, there is a significant difference on the post-decoding IC efficiency. 

From Table 1 it is also seen that the pairing of Macro UEs and LPN IC UEs in the left bottom corner of the table has the highest successful rate for decoding the interfering signal, which corresponds to the highest IC efficiency.

Table 1 Successful rate for decoding interfering UE on post-decoding IC UE

	Successful rate for decoding interfering UE
	LPN IC UE position

	
	L1
	L2
	L3
	L4
	L5
	L6

	Macro Interfering UE position
	L7
	34.18%
	27.94%
	22.16%
	15.14%
	5.28%
	0.32%

	
	L8
	63.92%
	56.58%
	49.92%
	39.46%
	16.52%
	1.28%

	
	L9
	94.32%
	90.76%
	86.44%
	76.82%
	54.36%
	8.28%

	
	L10
	67.10%
	61.36%
	54.20%
	42.06%
	20.12%
	1.84%

	
	L11
	91.10%
	87.22%
	81.90%
	71.54%
	46.14%
	6.36%

	
	L12
	98.90%
	98.46%
	97.54%
	94.22%
	83.30%
	32.12%


2.2 CQI fluctuation and mismatch issue for post-decoding IC UE

The above section shows the significant difference on IC efficiency while different interfering signal structure is scheduled. This IC efficiency difference will cause the CQI mismatch issue similarly as for the pre-decoding IC UE case, which has been discussed in previous meetings [2].
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Figure 2 CQI mismatch issue for post-decoding IC UE caused by IC efficiency difference with different interfering structure
Figure 2 illustrates an example of this CQI mismatch issue. While LPN determines to schedule the post-decoding IC UE on L2 on one TTI, considering the CQI delay, the TB size for this LPN UE is selected based on the CQI_1, which is estimated on the 4th previous TTI rather than the current scheduled TTI. In the example, the interfering structures during these two TTIs are very different. One is with interfering data which can be decoded by the LPN UE on L2 with 98.46% percentage; the other one is with interfering data which can only be decoded by the LPN UE on L2 with percentage of 27.94%. Due to this mismatch the selected TB size is too large to be decoded successfully by the post-decoding IC UE while Macro UE L7 is scheduled.
As another consequence of the large CQI variation and mismatch issue, the outer loop efficiency on the LPN scheduling will also degrade.
Some possible solutions, like some averaging of the CQIs could be applied by the UE or NodeB and a weighted average TB size could be worked out [6]. However, this will definitely limit the potential IC gain that the post-decoding IC could achieve. On the other hand, as discussed in RAN1#74, this is a very tricky method and it is not easy to do this averaging if the UE or the LPN does not know the exact scheduling pattern on the Macro cell.
2.3 Motivation for pattern based coordinated scheduling

From the above discussions, the different IC efficiency under different interfering structures will cause the CQI mismatch issue, which limits the potential post-decoding IC gain and causes performance degradation. Also, pairing of the low geometry Macro UEs and LPN edge IC UEs have the highest IC efficiency. Hence, it can be seen that for post-decoding IC UEs, the pattern based coordinated scheduling is beneficial, aiming at scheduling a post-IC UE in a better interfering environment/structure.
3. Pattern based coordinated scheduling for post-decoding IC UE
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Figure 3 Example of pattern based coordinated scheduling for post-decoding IC UE

Coordinated scheduling aims at scheduling the advanced IC UEs in the LPN in a better interference environment. In co-channel scenarios, it is difficult to dynamically exchange the scheduling status between Macro and LPNs. Therefore, the pattern based coordinated scheduling is proposed to support coordinated scheduling between Macro and LPNs, in which an expected pattern of interference environment/structure is pre-configured on Macro and LPNs. For the scheduling of Macro UEs, the Macro cell follows the pre-configured pattern to produce the expected interference structures/environments from Macro cell. The LPNs will schedule the cell edge IC UEs only in some specific sub-frames with good interference structure which is guaranteed by the pre-configured expected pattern. By doing this, the pattern based coordinated scheduling can fully explore the IC gain of the LPN IC UE. Meanwhile, the CQI mismatch issue is resolved because a more stable interference structure/environment is experienced by the LPN IC UEs.
Pattern based coordinated scheduling was firstly discussed for pre-decoding IC receiver [2] where a better interference environment for pre-decoding IC UE is produced on RRS subframes either by restricting the transmission to low order modulation or fewer number of codes or by re-arranging the scheduling sequence for the interfering HS-PDSCHs.

Pattern based coordinated scheduling is also beneficial for post-decoding IC UEs. The intention here is still scheduling the advanced post-decoding IC UE in the LPN in a better interfering environment, which corresponds to high successful rate for decoding the interfering data at the LPN post-decoding IC UE. Meanwhile, for the reason of more stable interfering structure/environment, the CQI mismatch issue can be resolved. 
4. Pattern configuration and generation
The pattern for the coordinated scheduling is a pre-determined pattern of different interference structures from Macro cell (interfering cell), which corresponds to different IC efficiencies for LPN IC UEs. Once this pattern of the interference structures from Macro cell are indicated to the LPNs and IC UEs, the LPN can schedule the IC UE in an expected interfering environment/structure, so that it can fully explores the IC efficiency gain and avoid the CQI mismatch issue for the IC UEs.
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Figure 4  Re-arranging the scheduling sequence for post-decoding IC
To support this pattern based coordinated scheduling, Macro cell only needs to do the transmission obeying this pattern. To achieve this, in most cases Macro just needs to re-arrange the scheduling sequence of Macro UEs. For example, rearrange the Macro UEs with low CQI on RRS subframes and rearrange Macro UEs with high CQI on non-RRS subframes. If the configured pattern coincides with the CQI/geometry distribution of UEs in the Macro cell, the rearranging for the scheduling sequence should have very small impact on the Macro cell performance. By doing this rearranging of scheduling sequence, the restriction of the transmitted TB size on RRS subframes seldom happens. An example is given in  REF _Ref367614001 \h 
Figure 4, in which the Macro UEs in the simulation framework are used to illustrate the method of producing the expected RRS pattern from the Macro cell. REF _Ref367614001 \h 
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Therefore, the pattern should be coincided with the CQI/geometry distribution for Macro UEs. In our understanding, the CQI/geometry distribution in one cell is usually stable somehow and will not change frequently. Hence, only the semi-static high layer configuration is needed for indicating the pattern. The physical layer frequent signaling is not needed for the pattern indication. 
5. Conclusion

In this paper, the difference in post-decoding IC efficiency while different interfering structures (corresponding to different Macro UEs) are scheduled in the interfering cell (Macro cell) is shown through simulations. The CQI mismatch and inefficient outer loop issues are analyzed. Based on simulations and analysis, we have the following proposal.
Proposal 1: Pattern based coordinated scheduling (RRS pattern) can be beneficial for post-decoding IC receiver to explore the IC gain.
An example for the pattern based coordinated scheduling is given for post-decoding IC. Some discussion with respect to the pattern determination and configuration is also given.
6. Appendix
Link level evaluation simulation assumptions used in section 2.1 is illustrated as following.
Network Layout

The following network layout proposed by [1] is used in the simulation.
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Figure 5: 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 2 , which are the inputs for the link level simulations. 

Table 2  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
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