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1. Introduction

Two types of reference symbols (RS) are considered for LTE-Advanced downlink: UE specific reference signals for PDSCH demodulation (DM-RS) and reference symbols targeting CSI generation for CQI/PMI/RI calculation and reporting (CSI-RS) [1]. DM-RS do not have any impact to Rel’8 UEs as these are confined to LTE-Advanced scheduled resources (PRBs). However, this does not necessarily hold true for CSI-RS which need to be transmitted periodically over the full bandwidth in dedicated sub-frames [2]. Several companies have favoured so far the insertion of CSI-RS within the PDSCH region and to leave the decision to schedule Rel’8 UEs in these sub-frames up to eNB implementation [2][4]. CSI-RS would result in additional interference which Rel’8 UEs are not aware of, and would degrade their PDSCH link quality to some extent. Provided that such performance degradation can be kept at tolerable level, Release 8 UEs could still be scheduled in CSI-RS subframes. In this contribution, we evaluate the impact of CSI-RS puncturing to Rel’8 PDSCH transmission through link-level simulations and conclude on the basis of these results.
2. Discussion
Potentially up to eight CSI-RS ports need to be defined in order to support 8-Tx spatial multiplexing. Because CSI-RS are not intended for data demodulation, they have less stringent design requirements than DM-RS in the sense that it allows for lower time and frequency density [1]. The current estimate of CSI-RS overhead to be agreed as part of LTE-Advanced performance evaluation is of the order of 0.96 % for eight antenna ports (2 RE / port / PRB / 10 ms time interval) [3].  This represents a total of 16 REs per PRB as maximum hit to Rel’8 PDSCH when all eight CSI-RS ports are active. Since Rel’8 UEs are not aware of CSI-RS REs, the latter result in interference in addition to the puncturing loss itself.
As a way to circumvent PDSCH puncturing issues, it has been proposed to use MBSFN masking for CSI-RS insertion: there is no adverse consequence on Rel’8 PDSCH performance, but no Rel’8 data throughput in masked sub-frames either, i.e. leading to scheduler restrictions and larger losses system-wise. Time-domain scheduling restriction of Rel’8 UEs without MBSFN sub-frames achieves similar effect and does not have in turn any standardization impact. Reusing CCE locations within the PDCCH region for CSI-RS placement does not lead directly to any loss in the Rel’8 PDSCH performance itself. However there are indirect consequences on the overall system capacity because of PDCCH blocking and thus less UEs scheduled over PDSCH, less PDCCH power boosting margin and increase of channel estimation complexity [2]. Therefore, having sub-frames with mixed PDSCH traffic (i.e. both Rel’8 & LTE-Advanced, CSI-RS included) should be retained as baseline working assumption.
3. Performance study of the impact of CSI-RS to Rel’8 UEs
In this section we evaluate through link-level simulations the impact to Rel’8 PDSCH performance in the face of CSI-RS puncturing with {8, 16} REs per PRB pair. Larger CSI-RS densities are not precluded at this stage: while 16 RE/PRB prove to be sufficient for SU-MIMO [2], the need for potentially more CSI-RS for CoMP usage remains open. Considered CSI-RS patterns with 8- and 16 REs/PRB are shown in Figure 1 (A) and (B), respectively. Rel’8 UEs are configured in single stream mode (1 Rel’8 CRS, 1x2 transmission). In this study, CSI-RS is assumed to occur with 10 ms duty cycle (i.e. every 10th sub-frame), which already restricts the impact to Rel’8 performance in practice. A total of nine MCS classes were simulated (QPSK, 16QAM, 64QAM – {1/3, 1/2, 2/3} code rate). Detailed simulation assumptions are summarized in Table 1 in Appendix A.
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(A) CSI-RS pattern with 8 RE/PRB
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(B) CSI-RS pattern with 16 RE/PRB

Figure 1 Considered CSI-RS patterns.

Simulation results are provided in terms of throughput as a function of the signal-to-noise ratio (SNR) without HARQ (Figure 3-Figure 5) or with HARQ enabled assuming a maximum of 3 retransmissions (Figure 6-Figure 8). Throughput vs. SNR figures for individual code rates are found in Appendix B. Figure 2 summarizes these results in the form of envelope throughput curves as a function of the SNR, and thus provides insight on the practical performance with link adaptation. For low MCS (e.g. QPSK – {1/2, 1/3}) there is almost no impact of CSI-RS puncturing on Rel’8 PDSCH throughput performance. The impact stays moderate for up to 16QAM – 1/2, but becomes significant for 16- & 64QAM and higher code rates {1/2, 2/3} where error floors start to appear in BLER curves. Fortunately, HARQ allows recovering most of erroneous transport blocks in practice. SNR losses due to CSI-RS puncturing by 16 RE at 50% and 75% maximum throughput are summarized in Table 1 and Table 2, respectively. The effect of an increased CSI-RS density ({8, 16} RE) is only pronounced for the highest MCS classes. In practice, such MCSs will not likely be scheduled to Rel’8 UEs by any practical eNB implementation whenever CSI-RS are transmitted. As noted in [4], the CSI-RS pattern itself is expected to have some influence on the performance as well because of the frequency-first mapping of Rel’8 modulation symbols to resource elements. To conclude, one can consider that the impact of CSI-RS puncturing to Rel’8 UEs is tolerable because:

· CSI-RS have low density per PRB (at most 16 RE/PRB) and are sparse in time (i.e. occur with duty-cycle). Most practical deployments will make use of less than the maximum eight CSI-RS ports.
· Practical eNB implementations can rely on link adaptation to step-down/adjust MCS for Rel’8 UEs scheduled in CSI-RS sub-frames [4], or choose not to schedule any Rel’8 therein, achieving similar effect than with MBSFN masking but without any standardization impact.
Table 1 SNR loss at 50% of max. throughput due to PDSCH puncturing by CSI-RS (16 RE); HARQ enabled. 

	                         Code rate

Modulation
	1/3
	1/2
	2/3

	QPSK
	0.2 dB
	0.3 dB
	0.4 dB

	16QAM
	0.2 dB
	0.3 dB
	0.4 dB

	64QAM
	0.3 dB
	0.5 dB
	1.1 dB


Table 2 SNR loss at 75% of max. throughput due to PDSCH puncturing by CSI-RS (16 RE); HARQ enabled.

	                         Code rate

Modulation
	1/3
	1/2
	2/3

	QPSK
	0.4 dB
	0.6 dB
	0.6 dB

	16QAM
	0.5 dB
	0.6 dB
	0.6 dB

	64QAM
	0.6 dB
	0.6 dB
	0.9 dB
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Figure 2 Envelope throughput vs. SNR; no puncturing (reference) & Rel’8 PDSCH puncturing by CSI-RS with {8, 16} RE/PRB; HARQ enabled/disabled.
4. Conclusions

In this contribution, we investigated the impact of CSI-RS puncturing to Rel’8 PDSCH performance via link-level simulations. The results indicate that multiplexing CSI-RS in the PDSCH region is a viable solution with a manageable impact on Rel-8 operation. On the basis of these findings, we propose that:
· CSI-RS are confined within the PDSCH region of specific periodically transmitted subframes. Impact on transmission of PBCH/PSS/SSS is avoided by appropriate periods/offsets.
· CSI-RS & LTE Rel’8 UE handling is left up to eNB implementation (e.g. scheduling restriction or proper link adaptation), and hence does not require any standardization. In our view any MBSFN subframe masking is not required for the sole purpose of CSI-RS insertion.
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Appendix A – Simulation assumptions
Table 3 Simulation assumptions

	Parameter description
	Value / Comment

	Transmission bandwidth
	5 MHz

	eNB antenna configuration
	8 Tx

	UE antenna configuration
	2 Rx

	Channel model, UE velocity, spatial correlation
	TU-6 – 3 km/h, spatially uncorrelated

	Antenna virtualization parameters
	No antenna virtualization (Rel’8 signal transmitted from port #0)

	Transmit diversity scheme
	None (single antenna port)

	Common reference signal configuration
	Single antenna port Rel’8 CRS

	CSI-RS patterns & densities
	A. CSI-RS pattern with 8 RE per PRB within PDSCH
B. CSI-RS pattern with 16 RE per PRB within PDSCH

	CSI-RS duty cycle
	10 ms (i.e. CSI-RS transmitted full-band every 10th sub-frame)

	CSI-RS boosting
	None

	PDCCH / PDSCH configuration
	3 / 11 OFDM symbols per sub-frame

	Number of allocated PRBs
	12 (contiguous allocation)

	Channel coding (PDSCH)
	Rel’8 turbo coding, CBRM

	Modulation & code rate
	QPSK, 16QAM, 64QAM - {1/3, ½, 2/3}

	HARQ
	Disabled / enabled with a maximum of 3 retransmissions

	Link adaptation
	Disabled

	Detector
	MRC

	Channel estimation for demodulation
	2D realistic channel estimation on 1 sub-frame Rel’8 CRS


Appendix B – Throughput vs. SNR simulation results
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Figure 3 Rel’8 throughput performance vs. SNR w/wo CSI-RS puncturing; no HARQ; QPSK, 16QAM, 64QAM – {1/3}.
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Figure 4 Rel’8 throughput performance vs. SNR w/wo CSI-RS puncturing; no HARQ; QPSK, 16QAM, 64QAM – {1/2}.
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Figure 5 Rel’8 throughput performance vs. SNR w/wo CSI-RS puncturing; no HARQ; QPSK, 16QAM, 64QAM – {2/3}.
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Figure 6 Rel’8 throughput performance vs. SNR w/wo CSI-RS puncturing; HARQ enabled; QPSK, 16QAM, 64QAM – {1/3}.

[image: image8]
Figure 7 Rel’8 throughput performance vs. SNR w/wo CSI-RS puncturing; HARQ HARQ enabled; QPSK, 16QAM, 64QAM – {1/2}.
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Figure 8 Rel’8 throughput performance vs. SNR w/wo CSI-RS puncturing; HARQ enabled; QPSK, 16QAM, 64QAM – {2/3}.
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