
3GPP TSG RAN WG1 Meeting #70









   R1-123439
Qingdao, China, 13th – 17th August, 2012

Agenda item:
7.3.3

Source:

New Postcom
Title: 

Further discussions on Tx-based CRS IC with rate matching

Document for:
Discussion and Decision

1 Introduction

At the RAN1#67 meeting, it was proposed that the introduction of rate-matching around CRS of neighbouring cells needs further studies [1].

In this contribution, we will further discuss the transmitter-based PDSCH muting and rate matching and provide our suggestions.

2 Discussion
2.1 Issues of Tx-based CRS IC
The principle of Tx-based CRS interference cancellation (IC) schemes is to perform rate-matching around the data REs that could be polluted by the CRSs from the aggressors, in order to mitigate the performance degradation. The main idea of Tx-based CRS IC was illustrated in [2] for non-colliding CRS case.
For the purpose of CRS IC, RAN1 has concluded that some information can be provided from the serving cell via higher layer signaling. Such information includes [3]:
· List of cell ID(s)

· Parameters for each cell in the list of cell ID(s):

· Number of CRS ports

· Subframes containing CRS in the data region (e.g. the cell MBSFN configuration)
With the aid of the above information provided by the serving cell, the UE would be able to rank the cells according to the interfering levels measured. As a result, it can perform CRS IC for the most dominant aggressor(s). Furthermore, the UE may flexibly adapt the CRS IC targets across different subframes without the need of any additional signaling besides the abovementioned information. This maximizes the flexibility for UE implementation.
In contrast, in the Tx-based CRS IC scheme, eNB needs to identify the dominant aggressors for the UE, and then to perform rate matching around the interfered REs in order to avoid the potentially strong interference from neighbors’ CRS. However, since the specific list of dominant aggressors has to be UE-specific, the eNB typically has to have sufficiently accurate information about the DL interference environment. Moreover, the interference statistics and the target aggressors may change as the UE moves. Therefore, unlike the Rx-based CRS IC case in which the UE can adaptively choose the target cells for IC, the Tx-based CRS IC scheme requires eNB to monitor the DL interference and, to reconfigure the rate matching patterns accordingly. This may result in excessive signaling overhead of RRC reconfiguration. Therefore, we think Tx-based CRS-IC is less flexibility.
Observation 1: Tx-based CRS IC allows less flexibility and higher signaling overhead than Rx-based CRS IC does.
In case of colliding CRS, the data region of victim UE is free of the interference from neighbors’ CRS. However, the strong interference from neighbors’ CRS may result in unacceptable CRS performance degradation in the serving cell. The decision about CRS IC in case of colliding CRS was [4]:
At least in the case of colliding CRS scenario, for the purpose of RLM/RRM and CSI feedback corresponding to one of the configured subsets, UE may suppress CRS interference from the cell(s) that are included in the cell list.
Thus, it is anyway necessary for UE to perform CRS IC at least in the colliding CRS scenario. In this case, while the Rx-based CRS IC scheme can be implemented to cancel the interference from colliding CRS, the Tx-based CRS IC method does not help as the CRS cannot be muted. One may argue that TM9 can be used to avoid the CRS-based demodulation as well as CSI measurement. Although it is true, the existing RLM/RRM operations still require the aid from CRS. Therefore, the Tx-based CRS IC does not help in colliding CRS scenario.
Observation 2: Tx-based CRS IC employing rate-matching are not applicable to the colliding CRS scenario.
Furthermore, due to the shortened data coding block, the Tx-based CRS IC may lead to BLER performance degradation. In [6], we have provided link level simulation results which showed that Tx-based CRS-IC with PDSCH rate-matching scheme severely deteriorates the achievable performance, especially with higher-order MCSs applied.
Observation 3: Tx-based CRS IC degrades the PDSCH BLER performance.

2.2 System performance evaluation
In [6], system-level simulation results with full buffer traffic model was provided, where it was found that the Tx-based CRS IC scheme can provide marginal system performance gain when compared with Rx-based CRS IC scheme. As a further investigation, system-level simulation results with non full buffer traffic model were presented for evaluating the performances of Tx-based and Rx-based CRS IC schemes, respectively, as detailed below.

In this simulation, non colliding CRS between victim and aggressor cells was assumed. ITU channel model was assumed and configuration 4b was employed. The scenario of 4 pico cells per macro cell was tested in our simulation. The ABS ratio was adaptive to the UE association ratio on low power notes, and a CRE bias value of 9dB was tested. The traffic model used was FTP model 1 with the file size of 2.0 Mbytes and the arrival rate of 0.625. The simulated scenarios are summarized in Table 1, while other detailed parameters are provided in Appendix.
Table 1: Scenarios evaluated in our system-level simulations.
	Scenarios
	Description

	No CRS IC
	No CRS IC is used to mitigate the CRS interference from the aggressors.

	Perfect CRS IC
	CRS interferences from all the aggressors are cancelled perfectly.

	Rx-based CRS IC
	Only the CRS interferences from the strongest interferer are cancelled by the victim pico UE with the Rx-based CRS IC applied.

	Tx-based CRS IC
(with rate matching)
	Only the REs polluted by the strongest interferer are muted by the victim pico UE with rate-matching enabled.


The numerical results of the cases defined in Table 1 are shown in Table 2, where the performance losses due to CRS interference are also outlined.
Table 2: System-level simulation results of the different scenarios defined in Table 1.
	Scenarios
	Cell average (Mbps/Hz)
	95%-UE
(Mbps/Hz)
	50%-UE
(Mbps/Hz)
	5%-UE
(Mbps/Hz)

	No CRS IC
	1.276 
	0.00%
	2.884 
	0.00%
	1.148 
	0.00%
	0.378 
	0.00%

	Perfect CRS IC
	1.466 
	14.82%
	3.097 
	7.39%
	1.362 
	18.61%
	0.491 
	29.92%

	Rx CRS IC
	1.411 
	10.52%
	3.065
	6.28%
	1.313 
	14.31%
	0.451 
	19.32%

	Tx CRS IC(RM) 
	1.222 
	-4.30%
	2.693 
	-6.62%
	1.265
	10.16%
	0.409 
	8.30%


In Table 2, it can be observed that the throughput performance degrades due to the presence of CRS interference. We can also find that the employment of CRS IC can achieve significant performance gain with non full buffer traffic than their counterpart with full buffer traffic model [6]. This is because the inter-cell CRS interference might be the dominate interference source, not only in the non-ABS but also in the ABS where the aggressing macro cells are muted.
On the other hand, note specifically that Rx-based CRS IC performs much better than Tx-based CRS IC with rate matching, which aligns with our observations in previous sections. Moreover, compared with the scenario without applying CRS IC, Rx-based CRS IC can improve not only the cell average but also the cell edge throughput, while Tx-based CRS IC can only moderately improve the cell edge throughput. Therefore, compared with the Rx-based CRS IC, which significantly improves the system and edge throughput, only limited gain can be observed for Tx-based CRS IC. Consequently, the benefit of adopting Tx-based CRS IC for Rel-11 is not justifiable.

Observation 4: Compared with Rx-based CRS IC scheme, the Tx-based CRS IC scheme can provide little improvement to system performance in real traffic.

Following our observations and analysis above, we propose that:

Proposal 1: The Tx-based CRS IC scheme is not supported in Rel-11.

3 Conclusion

In this contribution, we discussed the issues of Tx-based CRS IC and evaluated the system performance of various CRS IC schemes. We had the following observations:
Observation 1: Tx-based CRS IC allows less flexibility and higher signaling overhead than Rx-based CRS IC does.
Observation 2: Tx-based CRS IC employing rate-matching are not applicable to the colliding CRS scenario.
Observation 3: Tx-based CRS IC degrades the PDSCH BLER performance.
Observation 4: Compared with Rx-based CRS IC scheme, the Tx-based CRS IC scheme can provide little improvement to system performance in real traffic.
According to above observations, we kindly suggest that RAN1 agree on the following proposal:

Proposal 1: The Tx-based CRS IC scheme is not supported in Rel-11.
4 References
[1] R1-120001, “Chairman’s notes of 3GPP TSG RAN WG1 Meeting #68”, Feb. 2012.

[2] R1-113705, “Considerations on signalling support for FeICIC”, New Postcom, Nov. 2011.
[3] R1-121920, “LS on feICIC’’, TSG RAN1, Mar. 2012.
[4] R1-123059, “LS on UE behaviour for colliding CRS scenario”, TSG-RAN1, May 2012.
[5] R1-12xxxx, “Chairman’s notes of 3GPP TSG RAN WG1 Meeting #69”, May 2012.
[6] R1-121120, “Discussion on Tx-based CRS IC employing rate-matching”, New Postcom, May 2012.
Appendix: Simulation assumptions
	Parameters
	Values used for evaluation

	Deployment scenarios
	Heterogeneous network with low-power RRHs within the macro-cell coverage; 1 macro-cell with 4 low-power nodes

	Channel model
	ITU UMa for macro, UMi for low power node

	
	3GPP channel model case 1

	High power RRH Tx power
	46 dBm in a 10MHz carrier

	Low power RRH Tx power
	30 dBm in a 10MHz carrier

	Placing of new nodes and UEs
	Configuration 1 

	
	Configuration 4b

	Number of UEs per cell
	30 for Config. 4b, 25 for Config. 1

	System bandwidth
	10 MHz

	Transmission schemes in DL
	TM9

	CSI-RS period
	10 ms

	CSI/CQI delay
	6 TTIs

	Overhead 
	3 OFDM symbols for PDCCH, 2 CRS ports outside PDCCH region, 10 REs/RB every 10ms for CSI-RS, 12 REs/RB for DM-RS

	Number of Tx at eNB
	2

	Number of antennas at UE
	2

	Antenna pattern
	3D for macro eNB

	
	Omni-directional for low-power node

	eNB antenna tilt
	12 degrees for macro eNB

	
	10 degrees for low-power node

	Channel estimation
	Ideal

	UE receiver
	MMSE receiver

	Traffic model
	FTP
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