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1 Introduction
CSI-RS are transmitted into the data region of normal/MBSFN subframes [1] with configurable periodicity in terms of an integer number of subframes. Whenever they puncture Rel’8 PDSCH, CSI-RS result in additional interference Rel’8 UEs are not aware of which degrades the link quality to some extent. There are already some contributions on inter-cell CSI-RS design [2-6] which focus on inter-cell CSI-RS multiplexing aspect. In this contribution, we discuss whether can transmit the CSI-RS at the Special subframe of frame structure 2 by puncturing the Rel’8 PDSCH in order to flexible multi-cell orthogonal CSI-RS pattern design by TDM in TDD system depicted as Figure 1 even there is less OFDM symbols in DwPTS. 
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Figure 1: CSI-RS configuration in LTE-A TDD System (Frame structure-2 Configuration-1)
2 CSI-RS transmission in TDD system
In LTE Advanced (LTE-A) systems, CSI-RS is responsible for providing LTE-A UEs with a reliable signal for estimating channel state information which supports enhanced multi-antenna technologies such as Single-user MIMO (SU-MIMO), Multi-user MIMO (MU-MIMO), and Coordinated Multipoint (CoMP) transmission, While CSI-RS plays an important role in the operation of enhanced antenna technologies for LTE-A UEs, it is a source of interference on Release 8 and 9 LTE UEs since it is punctured into the data region without LTE UEs’ knowledge. Minimizing the impact of CSI-RS to LTE Rel’8 transmission has been widely acknowledged among the 3GPP community [2-7]. It has been also mentioned that proper link adaptation at eNB can help mitigating the performance degradation [3] due to puncturing the REs for CSI-RS. 
For the above reasons, CSI-RS transmitted at DwPTS in TDD system must be carefully designed and evaluated considering two aspects which form a trade-off relation:

· Performance degradation of LTE Rel-8 UEs
· Performance of LTE-A UEs 
In this contribution, Stage-2 simulation results are provided based on three CSI-RS patterns corresponding to 4 REs/ PRB, 8 REs/PRB and 16Res/PRB correspondingly shown in Figure 2. 
Considering a system with hundreds of SPS UEs, there will be some UEs with whom we can’t avoid collision if it configured in CSI-RS transmission subframe as figure 3, especially when there is small number of DL subframes in TDD system.   It is precisely these “worst-case” settings where we need evaluate and we do detailed simulation for SPS performance loss in order to get insight on the potential impact of CSI-RS puncturing on LTE Rel’8 SPS from a system perspective based on Stage-2 simulation parameters which is agreed simulation setup. 
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Figure 2: CSI-RS puncturing patterns.
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Figure3:  SPS configured and CSI-RS transmission at Special subframe(Configuration 1 of Frame structure 2)
In this contribution, we also evaluate the throughput performance at system level considering two HARQ-timings cases for Configuration-1 of Frame structure-2. One case is total 7 HARQ-Processes as depicted in Figure 4 and the other case consider the 6 process HARQ-timing configuration(see Appendix 1 for further details). In each case, two scenarios are simulated by considering CSI-RS transmitted at normal subframe (Scenario-2) and Special subframe (Scenario-1) separately and a throughput loss comparison between the two scenarios are achieved in order to evaluate the difference of CSI-RS transmission in normal subframe and Special subframe. This document is a companion document to [2] which focuses on the performance evaluation of CSI-RS for the FDD mode.
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            Figure 4: HARQ timing for configuration-1 of frame structure 2 (7 Processes case)
2.1 Performance degradation of LTE UEs (Stage-2) 
In this section we present performance results for Impact of CSI-RS puncturing on legacy Rel-8 PDSCH performance based on Figure 3 SPS Configuration and Figure 4 HARQ-timing in TDD system. For SPS traffic evaluation, we just statistic the SPS Subframe throughput in one radio frame considering SPS traffic character and our SPS simulation target. 

2.1.1 Simulation parameters:
Table 1. Parameters for stage 2 CSI-RS simulation

	Parameter 
	Values 
	Parameter 
	Values 

	Carrier frequency
	2 GHz
	Channel Estimation
	DFT-BASED

	Bandwidth
	5 MHz
	UE velocity
	3 km/h

	eNB antenna configuration
	2 Tx uncorrelated
	CSI-RS allocation
	Full bandwidth, single sub-frame

	UE antenna configuration
	2 Rx uncorrelated
	CSI-RS duty cycle configuration
	10ms

	Channel model
	3GPP TU-6
	Channel coding (PDSCH)
	Rel-8 turbo coding

	PDCCH / PDSCH configuration
	DwPTS:
2/9 ofdm symbols
Normal Subframe: 3/11 OFDM sysmbols
	CSI-RS density
	Alt1: 1RE/PRB/Port,4 Ports
Alt2:1 RE/PRB/Port, 8 Ports
Alt3:2 Res/PRB/Port,8 Ports

	Number of allocated PRB
	4 PRB (contiguous allocation)
	Transmit precoding
	SFBC

	MCS, HARQ & link adaptation
	Rel-8 MCS, HARQ & link adaptation enabled
	CQI/PMI reporting delay modeling
	5 subframes


The simulation results for Stage 2 were obtained for 2 different metrics: BLER and link throughput which are provided in the following subsections.
2.1.2 BLER results
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Figure 5: BLER of LTE UEs with duty cycle of 10 msec when SFBC is used.

The BLER results were obtained assuming the presence of CSI-RS in all subframes (i.e. CSI-RS duty cycle of 1 msec). In addition, the BLER results were obtained for 2 MCS levels which for QPSK, 16QAM with code rate value set as 0.5. 
As one might naturally expect, the performance degradation on LTE UEs due to the presence of CSI-RS is proportional to the CSI-RS density. As shown in the figure, the SFBC performance degradation with 8 CSI RS REs punctured can be as large as 4 dB with 16QAM rate 1/2.
In addition to this obvious trend, the following general observations can be made:

· The performance degradation on LTE UEs from CSI-RS is more severe for higher code rates.

· The performance degradation on LTE UEs from CSI-RS is more severe for higher modulation orders.
2.1.2 Link Throughput performance

2.1.2.1 SPS traffic

In LTE Rel-8, Semi-Persistence Scheduling (SPS) mechanism is used to enable radio resource to be semi-statically configured and allocated to a UE for a longer time period than one subframe, avoiding the need for specific downlink assignment messages or uplink grant messages over the PDCCH for each subframe. Semi-Persistence scheduling is useful for services such as VOIP for which the data packets are small, periodic and semi-static in size. For CSI-RS transmission in LTE-A, “Possibility to configure the periodicity of CSI RS transmissions in terms of an integer number of subframes” is reached as the guideline for CSI-RS design. In order to get insight on the potential impact of CSI-RS puncturing to LTE Rel’8 SPS UEs from a system perspective, we evaluate the SPS throughput loss while CSI-RS and SPS are configured in one subframe as depicted in Figure 3. 
The SPS throughput performance is depicted in Figure 6 for each of the CSI-RS multiplexing schemes described in Figure 2 as well as the reference cases without CSI-RS transmission. Then, we perform a cross-analysis with data obtained from Link level simulations. As shown in below figure, huge throughput loss is observed for SPS traffic in the simulated case. As the CSI-RS density increase, the throughput loss gap increased as well, up to 20% throughput loss if CSI-RS density increase from 1 RE/ PRB/ Port to 2 RE/PRB/Port for 8 antenna ports configured at higher SNR region. Even the total CSI-RS RE number changed from 4 REs/PRB to 8 REs/PRB, there is also 10% SPS throughput loss. In brief summary, the simulation results indicate we need to design a proper CSI-RS pattern to decrease the impact on Rel-8 SPS traffic, for example CSI-RS is transmitted once every N PRBs. Therefore, for every N PRBs, only 1 PRB has CSI-RS in it while the other N-1 PRBs do not, and SPS can be configured in PRBs without CSI-RS. 
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      Figure 6: Rel-8 SPS throughput performance

2.1.2.2 Performance at system level. 
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       Figure 7: throughput performance of two scenarios
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Figure 8: Relative throughput loss at system level. 

From these link throughput simulation results, we make the following observations on impact of the different CSI-RS patterns on the LTE performance from the system aspect:
· The Performance of Senario-2 is always better than Senario-1 with different CSI-RS density in SNR region. The gain mainly come from more PDSCH resources available per PRB in normal subframe comparing with special subframe of frame struncture-2 and Larger TBS packet is transmitted at the initial transmission in CSI-RS subframe for scenario-2. 
· The performance difference among Scenario-1 and Scenario-2 with different CSI-RS density is around 2% at higher SINR region with HARQ and Link Adaption as Figure 8 depicted. In smaller SINR region, the performance difference between two scenarios in terms of throughput envelope is much less as shown in Figure 7. The parameter “Relative throughput loss” in Figure 8 is defined below in order to show the difference of two scenarios with different CSI-RS density clearly:
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2.2 Performance of LTE-A UEs (Stage-1)
2.2.1 Simulation parameters
                                   Table2: Parameters for stage 1 CSI-RS simulation

	Parameter
	Values
	Parameter
	Values

	Carrier frequency
	2 GHz
	Channel Estimation for CQI/PMI selection
	Baseline: Ideal as baseline
Others: 
realistic channel estimation

	Bandwidth
	5 MHz
	UE velocity
	3 km/h

	eNB antenna configuration
	8 Tx uncorrelated
	CSI-RS allocation
	Full bandwidth, single sub-frame

	UE antenna configuration
	2 Rx uncorrelated
	CSI-RS duty cycle configuration
	10ms

	Channel model
	3GPP TU-6
	Channel coding (PDSCH)
	Rel-8 turbo coding

	PDCCH / PDSCH configuration
	DwPTS:
2/9 OFDM symbols
Normal Subframe: 3/11 OFDM symbols
	MCS, HARQ & link adaptation
	Separate MCS (QPSK-1/2, 16QAM-1/2, 64QAM-1/2), HARQ, link adaptation

	Allocated PRB
	4 PRB (contiguous allocation)
	Transmit precoding
	Rank-1 SM

	CSI-RS density
	Alt2:1 RE/PRB/Port, 8 Ports
Alt3:2 REs/PRB/Port,8 Ports

	CQI/PMI reporting delay modeling
	5 subframes


The simulation results for Stage 1 were obtained for 2 different metrics: BLER and link throughput which are provided in the following subsections. In our simulation, 6-bits codebook in [9] for 8 Transmit Antennas is used. 
2.2.2 BLER results

The BLER results were obtained assuming the presence of CSI-RS in all subframes (i.e. CSI-RS duty cycle of 1 msec) with patterns in Figure2. In addition, the BLER results were obtained for 5 MCS levels which were chosen to represent the low, medium code rate cases for QPSK, 16QAM, 64QAM. The 5 MCS levels correspond to MCS levels with MCS indices 4, 7 for QPSK, 10, 13 for 16QAM, and 19 for 64QAM when the number of PRBs is 4. Table 3 shows the specific parameters for the MCS levels used.
From the link BLER results, we make the following observations on LTE-A performance with different CSI-RS patterns from the Link level aspect:
· Around 1dB gap between 8REs and 16 REs pattern in figure 9 and Figure 10 is observed at the target BLER level (10%) with DFT based realistic channel estimation method, and the gap main comes from the difference of CSI-RS density in frequency domain per PRB per port and we further note that link-BLER results with DFT-based method could exaggerate the performance difference of different CSI-RS patterns and the gap at higher SNR region will reduced if 2D-MMSE channel estimation is used and CQI/PMI based on the channels estimated at CSI RS REs only. [2][3]. 
Table 3: MCS parameters used for BLER results.

	Modulation
	MCS Index
	Transport Block Size
	Code Rate

	QPSK
	4
	256
	0.29

	
	7
	472
	0.52

	16QAM
	10
	616
	0.33

	
	13
	904
	0.48

	64QAM
	19
	1416
	0.50
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Figure 9: BLER performance with Lower code-rate (~0.33)
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Figure 10: BLER performance with Middle code-rate (~0.50)
2.2.3 Throughput Performance.
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Figure 11: Throughput performance with 4-bits codebook in [9]
From these link throughput simulation results with HARQ and Link Adaption enabled, we make the following observations on the LTE-A performance in TDD system with different CSI-RS patterns:

· The performance difference among CSI-RS patterns with different CSI-RS density gets smaller at the Lower SINR region. In higher SINR region, the performance difference between 1RE per port and 2RE per port in terms of throughput envelope is at most 2%~3% with 4-bits codebook in [9] and 5 ms CQI/PMI delay, if CQI/PMI based on the channels estimated at CSI RS REs only, the gap will become less [2].

3 Conclusion

We have evaluated the performance for two scenarios with different HARQ-timing of frame structure-2 and plan to further study the CSI-RS transmission in TDD system. Considering the CSI-RS pattern impact on SPS traffic if CSI-RS and SPS packet is configured in same subframe, transmitting CSI-RS once every N PRBs maybe a possible way to less impact on Rel-8 performance considering number of DL subframes is small in some TDD configurations and less constraint on eNB scheduling. 
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Appendix 1：Link level throughput with 6 Processes in TDD system
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Figure 12: HARQ timing for configuration-1 of frame structure 2 (6 Processes case)
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Figure 13: Throughput performance of two scenarios with 6 processes. 
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