3GPP TSG RAN WG1 Meeting #74

  



   R1-133390
Barcelona, Spain, 19th – 23rd August 2013
Agenda item: 7.2.9.1
Source: LG Electronics
Title: Evaluation results for CoMP with non-ideal backhaul
Document for: Discussion and Decision
1. Introduction

In RAN #60, it was concluded to study CoMP with non-ideal backhaul for the following objectives as shown in [1].
Objective:
· RAN1 evaluate coordinated scheduling and coordinated beamforming including semi-static point selection/muting as candidate techniques for CoMP involving multiple eNBs with non-ideal but typical backhaul and, if there is performance benefit, recommend for which CoMP technique(s) signalling for inter-eNB operation should be specified, considering potential impact on RAN3 work. 

· In the evaluations, consider the level of backhaul delay achievable with non-ideal backhaul.
· Evaluation should be on the CoMP operation between macro eNBs (CoMP scenario 2 except for the backhaul assumptions), between macro eNB and small cell eNB (small cell scenario #1 with non-ideal backhaul), and between small cell eNBs (small cell scenario #2a with non-ideal backhaul). 

· The study will take into account the outcome of the small cell enhancement study item and previous work on Rel-11 CoMP SI/WI.

In this contribution, we provide initial evaluation results of potential techniques for semi-static CoMP operations with non-ideal backhaul.
2. Discussion
In Rel-11, CoMP is introduced to improve system performance in the environment where multiple transmission points can cooperate to transmit for a UE. Since in Rel-11, CoMP with non-ideal backhaul (NIB) had not been thoroughly discussed, the corresponding inter-eNB signaling over NIB had not been considered and defined. If CoMP operations are to be applied over NIB environment, there can be a scheduling limitation that cooperating eNBs need to be coordinated at least NIB delay (e.g., tens of mili-seconds) earlier than the actual CoMP transmitting instance. 
According to the above objectives, this contribution provides initial evaluation results for the performance of potential CoMP schemes with NIB including semi-static point muting (SSPM) and semi-static point selection (SSPS). Further discussion on such potential CoMP schemes with NIB is found in our companion contribution [2]. In section 2.1, we describe simulation assumptions in our evaluation results focusing on scheduling with NIB for SSPM/SSPS, and the evaluation results are provided in section 2.2.
2.1. Simulation assumptions

In our simulation, SSPM/SSPS are evaluated in homogeneous (e.g., CoMP scenario 2 with NIB) and heterogeneous (e.g., small cell scenario 1) network. In both cases, CRS interference is not modeled in that the same CRS v-shift is assumed for all cooperating eNBs. At first, UEs should report its CSI before scheduling at eNBs. In the case of SSPM, a UE can be configured with multiple CSI processes, where one CSI process reflects non-CoMP transmission from a serving-eNB (where non-serving eNB does not mute on the corresponding CSI-IM resource), and other CSI processes represent SSPM-based transmission from the serving-eNB (where non-serving eNBs mute on the corresponding CSI-IM resource). In the case of SSPS, a UE has multiple CSI processes which correspond to a single cell operation assuming the data transmission from a cooperating eNB. Then, UEs report multiple CSI based on the multiple CSI process, and an eNB calculates the metric for scheduling (e.g., PF scheduler) by using the average throughput of UEs and the CSI feedback.
As dynamic scheduling between eNBs is now limited due to the NIB condition, we assume that cooperating eNBs exchange information, e.g., the metric of UEs for scheduling via NIB. Using the information, eNBs could decide whether to support CoMP operation or not. After information is exchanged among cooperating eNBs over NIB, CoMP UEs or non-CoMP UEs could be served according to the latest CSI feedback such as RI, CQI, PMI, etc. Thus, the exchanged information with backhaul delay is used for UE selection only. Relevant inter-eNB signaling information between cooperating eNBs is thoroughly discussed in our companion contribution [2]. The other parameters and assumptions could be found in Appendix A.

2.2. Evaluation results
In Table 1, evaluation results of SSPM in homogeneous network are presented according to backhaul delay which has range from 0ms to 20ms. It can be shown that the SSPM operation significantly enhances the throughput of 5%-tile UE. This is because the channel quality (e.g., CQI) of UE which suffers from interference at cell-edge areas could be enhanced through muting from cooperating eNBs and its throughput will be increased. On the other hand, UEs having high throughput have the metric with lower priority, thus the data for those UEs could be muted with high probability since PF scheduler is applied in this evaluation. Table 1 also shows that SSPM could provide visible performance gain even with non-ideal backhaul delay of 10, 20ms.
Table 1. Evaluation results of SSPM in homogeneous network
	
	Avg. Sector Throughput
(bps/Hz)
	5%-tile UE Throughput
(bps/Hz)

	Non-CoMP
	1.5782
	0.0288

	
	0.0%, baseline
	0.0%, baseline

	SSPM

(delay = 0ms)
	1.7277
	0.0336

	
	9.5%
	16.7%

	SSPM

(delay = 10ms)
	1.7044
	0.0329

	
	8.0%
	14.2%

	SSPM

(delay = 20ms)
	1.6684
	0.0322

	
	6.9%
	15.3%


Table 2. Evaluation results of SSPS in homogeneous network
	
	Avg. Sector Throughput
(bps/Hz)
	5%-tile UE Throughput
(bps/Hz)

	Non-CoMP
	1.5782
	0.0288

	
	0.0%, baseline
	0.0%, baseline

	SSPS

(delay = 0ms)
	1.5609
	0.0331

	
	-1.1%
	14.9%

	SSPS

(delay = 10ms)
	1.5519
	0.0333

	
	-1.7%
	15.6%

	SSPS

(delay = 20ms)
	1.5438
	0.0329

	
	-2.2%
	14.2%


In Table 2, evaluation results of SSPS in homogeneous network are presented according to backhaul delay which has range from 0ms to 20ms. As shown in Table 2, SSPS could enhance the throughput of 5%-tile UE since a CoMP UE at cell-edge areas could be served by an eNB which has better metric for that UE. Similar to SSPM, SSPS also provides visible performance gain for 5%-tile UE with non-ideal backhaul.
In Tables 3 and 4, evaluation results of SSPM/SSPS in heterogeneous network are presented according to backhaul delay which has range from 0ms to 20ms. Similar to the evaluation results in homogeneous network, SSPM and SSPS significantly enhance 5%-tile UE throughput. It can also be seen that the performance gains are much increased, compared to the gains in homogeneous network. This is because UEs have more interference in heterogeneous network, thus the benefits from applying SSPM and SSPS can be more significant in the heterogeneous environment. Tables 3 and 4 also show that SSPM/SSPS could provide comparable performance gains even with non-ideal backhaul delay of 10, 20ms.
Table 3. Evaluation results of SSPM in heterogeneous network
	
	Avg. Sector Throughput
(bps/Hz)
	5%-tile UE Throughput
(bps/Hz)

	Non-CoMP
	1.3048
	0.0699

	
	0.0%, baseline
	0.0%, baseline

	SSPM

(delay = 0ms)
	1.4036
	0.0807

	
	7.6%
	15.5%

	SSPM

(delay = 10ms)
	1.3909
	0.0806

	
	6.6%
	15.3%

	SSPM

(delay = 20ms)
	1.3859
	0.0797

	
	6.2%
	14.0%


Table 4. Evaluation results of SSPS in heterogeneous network

	
	Avg. Sector Throughput
(bps/Hz)
	5%-tile UE Throughput
(bps/Hz)

	Non-CoMP
	1.3048
	0.0699

	
	0.0%, baseline
	0.0%, baseline

	SSPS

(delay = 0ms)
	1.2406
	0.0877

	
	-4.9%
	25.5%

	SSPS

(delay = 10ms)
	1.2326
	0.0872

	
	-5.5%
	24.7%

	SSPS

(delay = 20ms)
	1.2262
	0.0853

	
	-6.0%
	22.0%


Therefore, both of SSPM and SSPS are relatively robust to the backhaul delay so that those semi-static CoMP schemes could be considered as potential techniques for CoMP with non-ideal backhaul.
Observation #1:
- In homogeneous and heterogeneous network, SSPM/SSPS provide significant performance gains for 5%-tile UE with backhaul delay of 10ms to 20ms.

3. Conclusion
In this contribution, we provided the evaluation results for SSPM/SSPS as candidate techniques for CoMP with non-ideal backhaul and the following observation was made.
Observation #1:
- In homogeneous and heterogeneous network, SSPM/SSPS provide significant performance gains for 5%-tile UE with backhaul delay of 10ms to 20ms.
______________________________________________________________________
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Appendix A: Simulation Parameters and Assumptions
	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Indoor/outdoor UE ratio
	50% indoor UE, 50% outdoor UE (homogeneous network)
80% indoor UE, 20% outdoor UE (heterogeneous network)

	Number of small per sector
	4

	Number of UEs per sector
	10

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	Transmission mode
	Transmission mode 10 with SU -MIMO

	Channel quality report
	Mode 1-1: Wideband PMI per 50 RBs, Wideband CQI per 50 RBs
5ms CSI reports periodicity,
5ms delay total (measurement in subframe n is used in subframe n+5)
MCSs based on LTE transport formats [36.213]
Rel-8 2-tx codebook

	Antenna configuration
	2x2 antenna 

(# of Tx Ant. at eNB) x (# of Rx Ant. at UE)

eNB: Cross-polarized antennas, 0.5 wavelengths separation
UE: Cross-polarized antennas

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	MMSE-IRC

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal
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