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1
Introduction

During RAN1#59bis, the density of 1RE/PRB/port has been agreed for 2, 4 and 8 Tx CSI-RS. From now on, intra- and inter-cell CSI-RS multiplexing as well as the pattern itself need to be clarified. In this contribution we present our views on intra-cell CSI-RS design aspects.
2
Intra-cell CSI-RS 
While 1 RE/port/PRB seems easy to handle, due to the low number of resources elements, one has to still carefully select the placement and the form of multiplexing between ports. It has been widely acknowledged that collision friendly design is desired. Mainstream view is PDCCH and Rel-8 CRS need to be avoided. Moreover, we also see one should avoid OFDM symbols carrying Rel-9/-10 DM-RS. 

The CSI-RS density of 2 RE/port/PRB for intra-cell operation seemed to be agreeable based on the outcome of the e-mail discussion on the topic. However consensus was not found during RAN1#59bis. CSI-RS proved once more to be a controversial issue while trying to reach agreement on the baseline simulation assumptions. Even though current agreed assumptions [13] could have been narrowed further down, we do believe they serve as a good starting point for progressing on the issue of intra-cell CSI-RS density. If one wants to further tackle the issue of power boosting for CSI-RS, it is recommended not to create power problems to the DMRS.
Proposal: avoid collisions with OFDM symbols containing Rel-9/-10 DM-RS. 
The multiplexing between CSI-RS ports has to be agreed. Our preference is FDM multiplexing. However, there have been proposals of CDM patterns as well [5]

 REF _Ref248645961 \r \h 
[6]. In our view the FDM multiplexing is superior to CDM multiplexing in frequency direction, the latter being subject to potential loss of orthogonality by exposing codes to frequency selectivity of the channel. This is also confirmed by our simulation results, presented in the appendix. In Figure 5 we present CDM based CSI-RS patterns as proposed in [5] and [6]. Performance results in Figure 4 indicate slightly worst performance of CDM patterns when comparing to the FDM patterns operating on the same CSI-RS density. This slight performance degradation comes from the fact that the codes, which run in frequency, are suffering from loss of orthogonality in frequency selective channels. We want to highlight the fact that when comparing CDM together with FDM multiplexing one should handle the same total CSI-RS power levels, in order to have a fair comparison. FDM and CSI-RS power boosting are inherently tied together: RS power may be pulled from CSI-RS subcarriers corresponding to other antenna ports without affecting PDSCH power level. 

When it comes to additional CSI-RS power boosting, when the agreement regarding the CSI-RS density was made proponents seemed to agree that the performance is sufficient with 1 RE/port/PRB. Power boosting has issues with legacy impact – these should be thoroughly investigated – and increases system complexity. If there now appears to be concerns regarding the CSI-RS performance and hence a need for power boosting, one should compare the benefits wrt. 2 RE density without boosting in terms of Rel-10 performance as well as Rel-8 legacy impact.
Proposal: FDM should be selected for CSI-RS multiplexing. An additional TDM component could be considered if deemed necessary.

At the very early stages of CSI-RS discussions there have been proposals of PRB sparse transmission of CSI-RS. Taking into account the current density agreement of 1 RE/ port/ PRB, it is obvious that full band transmission of CSI-RS, that is in every PRB in frequency, becomes mandatory. Otherwise overall DL MIMO performance will be seriously compromised. Obviously, the CSI-RS subframes are transmitted with configurable periodicity in time.

Proposal: Full band CSI-RS transmission is specified, that is CSI-RS is transmitted every PRB..

3
Pattern proposals

Based on the previous arguments we consider three FDM-based pattern proposals fulfilling the recent RAN1 agreement on CSI-RS density. These are presented in Figure 1-3. 
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Figure 1 Option A: Single cell 8 Tx CSI-RS reference patterns: (a) 8 Tx, (b) 4 Tx (c) 2 Tx
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Figure 2 Option B: Single cell 8 Tx CSI-RS reference patterns: (a) 8 Tx, (b) 4 Tx (c) 2 Tx
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Figure 3 Option C: Single cell 8 Tx CSI-RS reference patterns: (a) 8 Tx, (b) 4 Tx (c) 2 Tx
The three presented patterns share similar design, however, there are several key differences. Option A, while most collision friendly and widely investigated, does not fit well to an inter-cell framework. In a companion contribution [14] we are studying RE muting for intra-cell CSI-RS. By placing all ports into the same OFDM symbol there is hardly any space for RE muting. Option B alleviates this issue to some extent, allowing for a more spread out placement and hence more freedom in handling the muted REs. Moreover, if muting is not desired, Option B allows pattern shifting, similar to Release 8 operation for CRS. Further room for RE muting may be arranged with Option C, however the latter patter does not suit well to CSI-RS  shifting. 
4
Intra-cell CSI-RS performance
In this section we present simulation performance of presented patterns. We additionally consider the CDM candidate patterns presented in Figure 5. Simulation assumptions are presented in Appendix 1, while they were inline with the previously agreed CSI-RS simulation campaign. There is not much difference between the patterns, with a slightly improved performance for FDM. Considering our previous discussion our preference goes to FDM patterns. When redesignating a particular pattern, we believe Option B is a good candidate and should be further considered.
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Figure 4: 8x2, comparison of FDM patterns and CDM proposals, codebook based precoding.
5
Conclusions

In this contribution we have presented further views on intra-cell CSI-RS pattern design. Our main findings and proposals are summarized as follows:

· Avoid collisions with OFDM symbols containing DM-RS. 
· FDM shouldl be selected as a form of port multiplexing. An additional TDM component could be utilized
· Boosting of CSI-RS should be carefully investigated, especially considering the impact on legacy terminals.

· Intra-cell pattern selection should take intro account also the inter-cell implications.

· Full band CSI-RS transmission needs to be specified, that is every PRB in frequency contains CSI-RS.

· Pattern considered in Option B should be further considered.
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Appendix 1 – Simulation assumptions

Table 1 Simulation assumptions
	Parameter description
	Value / Comment

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	eNB antenna configuration
	8 Tx uncorrelated

	UE antenna configuration
	2 Rx uncorrelated

	Channel model
	3GPP-TU

	UE velocity
	3 km/h

	PDCCH / PDSCH configuration
	3 / 11 OFDM symbols per subframe

	Scheduling in time
	Scheduling in every downlink sub-frame

	Channel coding (PDSCH)
	Rel-8 turbo coding

	Number of allocated PRB
	4 PRB (contiguous allocation)

	MCS, HARQ & link adaptation
	Baseline: Separate MCS (QPSK-1/2, 16QAM-1/2, 64QAM-1/2), no HARQ, no link adaptation

	Detector
	MRC

	Precoding/feedback granularity 
	2 PRB

	Transmit precoding/feedback
	8-Tx: codebook with effective size of 6-bit

	Transmission rank
	Rank-1 

	Common reference signal configuration
	2 port Rel-8 CRS in every sub-frame

	CSI-RS allocation
	Full bandwidth, single sub-frame

	CSI-RS duty cycle configuration
	10 ms interval.

	CSI-RS density
	Alt1: 1 RE/PRB/port (Option A)

	
	Alt2: CDM Motorola

	
	Alt3: CDM CATT

	
	CSI-RS overhead included in PDSCH throughput calculation

	CQI/PMI reporting delay modeling
	Minimum delay of five subframes between time of computation at UE and use for precoding at eNodeB 

	CSI-RS reference patterns 
	Reference pattern shown in Figure 1 and additional CDM patterns

	Channel estimation for CQI/PMI selection
	Ideal CSI for CQI/PMI selection (reference case)

	
	Channel estimation over CSI-RS for CQI/PMI selection

	Channel estimation for demodulation
	Ideal channel estimation over DM-RS

	Simulation output
	PDSCH throughput vs. SNR


Appendix 2 – CDM patterns 
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 Figure 5: CDM pattern proposals: (a) left: Motorola’s CSI-RS as in [5], (b) right: CATT’s CSI-RS as in [6].
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