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1 Introduction
LTE advanced (LTE-A) feasibility study includes the support of higher order MIMO in the DL to achieve higher DL peak and average sector throughput than LTE. Higher order MIMO considers up to 8 transmit antennas. Since LTE-A UEs are supposed to measure and report CQI, respective common reference signal (CRS) for additional antennas should be transmitted when up to 8 transmit antennas are supported at an eNB. LTE UEs in LTE-A networks have no prior knowledge of the additional CRS presence. In case the additional CRS REs are in the PDSCH region, they replace PDSCH REs and accordingly the PDSCH BLER of LTE UEs will be somewhat degraded. 
For the feasibility study of implementation-based solutions, we first need to investigate how much performance degradation is expected by a LTE UE assigned the resources where the additional CRS is defined. This contribution presents the link-level performance that a LTE UE experiences in AWGN and fading channel. We consider the additional CRS transmitted over all the RBs in the operating bandwidth and RBs containing the additional CRS can be allocated to LTE UEs. It is also assumed that the additional CRS will be sparsely transmitted so that most sub-frames will not contain it. 
This document also provides other potential implementation-based solutions to avoid the negative impact of additional CRS insertion on LTE UEs.
2 Link-level performance evaluations
As illustrated in Figure 1, we consider four different patterns of the additional CRS for the following evaluation study. The overheads of additional CRS are 6REs/RB for pattern I, 8 REs/RB for pattern II, and 12REs/RB for patterns III and IV. For each pattern, the REs of the additional CRS do not collide with those of the existing CRS for antenna ports 0-3. After mapping the PDSCH as specified in LTE Rel.8, the eNB punctures the REs in the PDSCH region used for additional CRS and inserts new CRS for the additional antenna ports. Due to this operation, an LTE UE who assigned the resources containing additional CRS will experience the puncturing loss and the interference from the additional CRS.
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(a) Reference                            (b) Pattern I
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(c) Pattern II
                        (d) Pattern III                    (e) Pattern IV
Figure 1:  CRS insertion patterns used in the simulations.
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 (a) AWGN Channel   


      (b) Fading Channel
Figure 2: Throughput performance depending on the patterns
To see the impact of transmitting CRS instead of modulated data symbols on the throughput, we run the link-level simulations in the AWGN channel and TU fading channel. Figure 2 shows the comparison results of throughput curves. The reference is the LTE Rel.8 structure with no additional CRS and performance degradation that a LTE UE experience for different CRS patterns. Table 1 lists the sets of modulation order and codes rate used in the simulations [1]. 
Table 1. Modulation orders and code rates used in the simulations

	Modulation order
	4
	4
	4
	6
	6
	6
	6

	Code rate
	0.14
	0.26
	0.48
	0.55
	0.7
	0.80
	0.85


Followings are the observations from the results:

· The overhead of additional CRS influences the performance. The more CRS are defined, the larger performance loss is observed.
· The performance loss depends on the applied MCS level. The performance loss becomes relatively larger as the MCS level increases. The throughput difference between the reference case and the CRS insertion cases is marginal for 16QAM. On the other hand, relatively large performance degradation is observed for 64QAM with high code rates.

· Even with the same CRS overhead, the performance also depends on the CRS patterns. According to the results above, pattern IV shows the worst performance. This is because contiguous modulation symbols are punctured due to the frequency first RE mapping of PDSCH.
· More performance degradation is observed in fading channels.

3 Discussion

Even though performance degradation due to additional CRS insertion is observed, it can be resolved by the eNB scheduler. Followings are the potential solutions by implementation. 
· Assuming the eNB scheduler already knows the performance degradation a LTE UE assigned the PDSCH resources containing additional CRS will experience, it can resolve the problem by simply choosing the PDSCH MCS without any additional standard support [2].
· The eNB scheduler can select sub-frames without additional CRS for scheduling LTE UEs to avoid any performance degradation.

4 Conclusion

We evaluated how much degradation the PDSCH performance of LTE UEs experiences by the additional CRS insertion for CQI measurement by LTE-A UEs. From the link-level simulation results, it is confirmed that the performance degradation that a LTE-A UE experiences is minimal in most MCS levels and can be compensated by choosing appropriate MCS. We also addressed the potential solutions by implementation as follows:
· In the RBs containing additional CRS, schedule LTE UEs with appropriate MCS accounting for the performance loss due to additional CRS insertion.

· Avoid sub-frames with additional CRS for scheduling LTE UEs (a scheduler only aspect)
Since the negative impact of additional CRS insertion in the PDSCH region on LTE UEs can be resolved by implementation, we propose to define additional CRS in the PDSCH region of the subframes containing the additional RS instead of the PDCCH region.
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      (a) 16QAM, (0.14/0.26/0.48)          (b) 64QAM (0.55/0.7/0.80)             (c) 64QAM (0.85)
Figure 3. BLER of AWGN channel
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(a) 16QAM, (0.14/0.26/0.48)          (b) 64QAM (0.55/0.7/0.80)             (c) 64QAM (0.85)

Figure 4. BLER of TU fading channel
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