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1 Introduction
In LTE Advanced (LTE-A) systems, CSI-RS is responsible for providing LTE-A UEs with a reliable signal for measuring the status of the channel so as to support 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.

For the above reasons, CSI-RS must be carefully designed considering two aspects which form a trade-off relation:

· Performance of LTE-A UEs

· Performance degradation of LTE UEs

To consider both aspects, RAN1 agreed upon a set of simulation setup to evaluate the CSI-RS. During RAN1#59bis, multiple companies submitted evaluation results based on the simulation setup and a CSI-RS pattern with density of 1 was agreed upon. 
In this contribution, enhancements are proposed based on the agreed upon CSI-RS pattern with density of 1 by utilizing PRB sparse CSI-RS transmission. Simulation results are provided to show that the performance of LTE-A UEs can be maintained even with PRB sparse CSI-RS transmission and that the performance degradation on LTE UEs is relatively smaller.
2 PRB Sparse Transmission
Given the pivotal role of CSI-RS, it must be carefully designed to provide sufficient performance of LTE-A UEs while maintaining the performance degradation on LTE UEs to an acceptable level under different conditions. As such CSI-RS should be designed to be flexible enough to increase or decrease CSI-RS resource to maintain the required channel measurement accuracy in different deployment conditions. To achieve this goal, we propose:
· CSI-RS power boosting for increasing the resource allocation on CSI-RS

· PRB sparse CSI-RS transmission for decreasing the resource allocation on CSI-RS

The PRB sparse CSI-RS transmission mentioned above refers to the case where only 1 PRB of N (ex: N=1, 2, 3,..) consecutive PRBs transmit CSI-RS using the CSI-RS pattern density of 1. The specific range of N is to be determined but it should be configurable and N=1 (CSI-RS transmitted on all PRBs) should be supported in any case. Note that the above power boosting and PRB spare transmissions are proposed based upon the agreed upon CSI-RS transmission with CSI-RS pattern of density 1.

Figure 1 depicts the PRB sparse CSI-RS transmission over multiple PRBs for different values of N (N=1, 2, 3).
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Figure 1. PRB sparse transmission of CSI-RS.

The PRB sparse CSI-RS transmission depicted in Figure 1 is intended for channels where frequency selectivity is relatively small such that a larger sampling period on the frequency domain does not have significant adverse effects.  The possible benefits of using PRB sparse CSI-RS transmission (N>1) are listed below:

· Can mitigate performance degradation on legacy UEs 
· eNB can schedule those LTE UEs on PRBs without CSI-RS.

· Beneficial for Semi-Persistent Scheduled UEs.
· Allow inter-cell orthogonal patterns in the same subframe:
· Beneficial for CoMP channel estimation as CoMP cells’ channels can be measured in 1 subframe.
· Beneficial for TDD configurations where the number of DL subframes is small.
One technical aspect concerning sparse CSI-RS that needs to be carefully considered is whether PRB sparse CSI-RS transmission (N>1) can maintain the same level of performance as the case where CSI-RS is transmitted on all PRBs (N=1). 
For channels where frequency selectivity is severe, transmitting CSI-RS on all PRBs (N=1) could be necessary. However, for channels where frequency selectivity is relatively small, combining PRB sparse CSI-RS transmission (N>1) with adequate power boosting could provide essentially identical performance as the case where N=1. An example of combining PRB sparse CSI-RS transmission (N>1) with power boosting is to transmit CSI-RS on every 2 PRBs using the CSI-RS pattern of density 1 but boost the transmission power of CSI-RS by 3 dB. In effect, the same level of energy is allocated to CSI-RS as the case where CSI-RS is transmitted on all PRBs with power boosting on the CSI-RS.
As explained above, the application of PRB sparse CSI-RS transmission depends on the deployed cell’s wireless environment. For this reason, the PRB sparse CSI-RS transmission is proposed as a configurable feature in LTE-A such that the network can decided whether to turn the feature on or off and if it is turned on, to what degree.

3 Performance Evaluation
The evaluation results presented in this section are based on the RAN1 agreed upon simulation setup for CSI-RS evaluation. Evaluation results are presented for two purposes;
· To show that even with PRB sparse CSI-RS transmission, similar LTE-A UE performance can be achieved as the case where CSI-RS is transmitted on all PRBs.

· To show that the performance degradation on LTE UEs is relatively less with PRB sparse CSI-RS transmission compared to the case where CSI-RS is transmitted on all PRBs.

In order to keep the CSI-RS energy equal for both the case with and without PRB sparse CSI-RS transmission, the CSI-RS will be power boosted by 3 dB for N=2 and 6dB for N=4. For the case without PRB sparse CSI-RS transmission, since CSI-RS is transmitted on every PRB, it will not be power boosted. For example, to evaluate PRB sparse CSI-RS transmission for N=2, the performance of PRB sparse CSI-RS transmission with 3 dB power boosting was compared with that of the non-sparse CSI-RS transmission as depicted in Figure 2.
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Figure 2. Power boosting used in performance evaluation to keep the energy on CSI-RS constant for PRB sparse transmission of CSI-RS with N=2.

3.1 LTE-A Performance

In this subsection, the LTE-A performances with and without PRB sparse CSI-RS transmission are provided. Figure 3 shows the link throughput of LTE-A with and without PRB sparse CSI-RS transmission. The simulation was performed under 3GPP TU channel using the same setup as those agreed upon within RAN1 for CSI-RS Stage 1 evaluation [2]. The simulation results shown in Figure 3 are for the rank 1 beamforming with 4 transmit antennas over 4 PRBs.
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Figure 3. LTE-A performance with and with and without PRB sparse CSI-RS transmission for rank 1 beamforming with 4 transmit antennas. Results for CSI-RS transmission on all PRB (N=1), CSI-RS transmission on 1 out 2 PRB (N=2), CSI-RS transmission on 1 out of 4 PRBs (N=4) are denoted by ‘NO’, ‘S2’, and ‘S4’, respectively.
From the results shown in Figure 3, it can be observed that for PRB sparse CSI-RS transmission with N=2, there is no performance degradation compared to the case where CSI-RS is transmitted on every PRB. 

For PRB sparse CSI-RS transmission with N=4, there is performance degradation of approximately 5% or less. It can be observed that the performance difference diminishes in the high SNR region. The reason for the performance difference between the case where CSI-RS is transmitted on all subframes (N=1) and the case where CSI-RS is transmitted only once (N=1) every 4 PRB is due to the frequency selectivity of the channel.
Based on the results shown in Figure 3, it can be concluded that even with PRB sparse CSI-RS transmission, LTE-A performance can be maintained provided the degree of CSI-RS sparsity in the frequency domain is adequately configured. It is for this reason that PRB sparse CSI-RS transmission is proposed as a configurable feature which can be adequately applied depending on the deployed channel conditions.

3.2 LTE Performance Degradation
In this subsection, the LTE performances with and without PRB sparse CSI-RS transmission are provided. Figure 4 and Figure 5 shows the performance of LTE in the presence of CSI-RS. Figure 4 shows the performance when QPSK modulation is used for low((0.33), medium((0.5), and high((0.66) code rate transmissions on 4 PRBs. Figure 4 shows the performance when 16QAM modulation is used for low, medium, and high code rate transmissions on 4 PRBs. The simulation was performed under 3GPP TU channel using the same setup as those agreed upon within RAN1 for CSI-RS Stage 2 evaluation [2]. The simulation results shown in Figure 3 are for the rank 1 beamforming with 2 transmit antennas.
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Figure 4. LTE performance comparison with and without PRB sparse CSI-RS transmission for QPSK. Results for CSI-RS transmission on all PRB (N=1), CSI-RS transmission on 1 out 2 PRB (N=2), CSI-RS transmission on 1 out of 4 PRBs (N=4) are denoted by ‘NO’, ‘S2’, and ‘S4’, respectively.
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Figure 5. LTE performance comparison with and without PRB sparse CSI-RS transmission for 16QAM. Results for CSI-RS transmission on all PRB (N=1), CSI-RS transmission on 1 out 2 PRB (N=2), CSI-RS transmission on 1 out of 4 PRBs (N=4) are denoted by ‘NO’, ‘S2’, and ‘S4’, respectively.

From the link performance of LTE UEs in the presence of CSI-RS, it can be observed that with PRB sparse CSI-RS transmission, the performance degradation is significantly smaller even if the energy on the CSI-RS is equal. The difference in performance degradation is more noticeable for higher code rate and higher modulation transmissions.

4 Summary
In this contribution, PRB sparse CSI-RS transmission which transmits CSI-RS once every N PRBs is proposed based upon the RAN1 agreement of CSI-RS transmission with CSI-RS pattern of density 1. The proposal is to provide the LTE-A system with a flexible means to configure the level of CSI-RS sparsity in the frequency domain for meeting different deployment and channel requirements. Benefits of the proposed PRB sparse CSI-RS transmission include mitigation of performance degradation on legacy UEs and increase in means to generate orthogonal inter-cell CSI-RS.
Simulation results are provided to show that even with PRB sparse CSI-RS transmission, if adequate power boosting is applied, the same level of LTE-A UE performance can be maintained. In addition, results show that with PRB sparse CSI-RS transmission, it is possible to significantly reduce the performance degradation on LTE UEs due to CSI-RS compared to the case where CSI-RS is transmitted on all PRBs.
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