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1
Introduction

In this contribution we investigate several proposals on CSI-RS multiplexing under the light of potential issues with CSI-RS boosting and the LS sent by RAN1 to RAN4 [1]. Each of the proposed designs is striving at full power utilization for CSI-RS. Simulation results following the assumptions agreed in previous 3GPP CSI-RS investigations have been considered [7].
2
Intra-cell CSI-RS patterns
As previous 3GPP agreement led to a density of 1 RE/PRB/port for CSI-RS, most of the companies have prefered so far [5][6] FDM as a form of port multiplexing. However, efficient power handling was agreed as design criteria and FDM offers a simple way to fulfil it. The eight ports which need to be multiplexed for 8-Tx are hence requiring a 9 dB boost in order to achieve full power utilization. A TDM component does not help much as efficient power manipulation calls for a pattern flipping in time and hence leads to the same boosting level. Example FDM patterns for CSI-RS have been mentioned in [2] and are presented in Figure 1.
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Figure 1: Single cell 8Tx CSI-RS reference patterns (a) FDM, (b) FDM/TDM
One solution to alleviate the boosting issue is to add a CDM component to the FDM component. Codes can run in either time (CDM-T) or frequency (CDM-F). There are currently two proposals for CDM-F using either Walsh-Hadamard (WH) codes or Cyclic Shift Multiplexing (CSM). The main issue with WH codes is that the latter are exposed to frequency selectivity of the channel which is well known to compromise the code orthogonality. CSM has other drawbacks such as requiring a new channel estimator (e.g. time domain DFT-based) which does not allow efficient reuse of the CRS channel estimator. The availability of cyclic shifts can be also problematic as one has to provide both intra- and inter-cell orthogonality. CDM-T looks more appealing, fitting also to the periodical nature of CSI-RS which targets for static or low mobilities. Moreover, CSI-RS are primarily used for closed-loop MIMO operation, which is known to operate at low mobility as well. This is also the case for Rel-9/-10 DM-RS which makes use of OCC2 in time. In the following considered patterns we keep the focus on CDM-T type of designs.

Several options are thus available, depending on the length of the cover code: OCC2, OCC4 or OCC8. Example patterns are depicted in Figure 2. In order to achieve full power utilization, each of these options comes with a different boosting level of CSI-RS over nominal power: 6 dB for OCC2, 4 dB for OCC4 and 0 dB (i.e. no boosting) for OCC8. In the following we further discuss how to operate the associated CSI-RS patterns.
For OCC2, in 8-Tx case, four pairs of two adjacent REs are utilized. The pattern easily extends to 4-Tx and 2-Tx as one is then using in this case only two and one pair of two adjacent REs respectively. The remaining REs can be muted in order to allow inter-cell orthogonality as neighbour cells can shift their patterns in these muted resources. The boosting level required for full power utilization is of 6 dB in this case. From collisions perspective OCC2 pattern can be seen as a friendly placement as only two OFDM symbols are utilized. An example pattern is depicted in Figure 2 (a).
For OCC4 one can use the OFDM symbols used by DM-RS. When spreading the code over four symbols one has to avoid at least the OFDM symbols containing Rel-8 CRS. However, because of the DM-RS presence, the shifting possibilities for OCC4 frequency-wise become more limited compared to OCC2. Operation of 4-Tx or 2- Tx can be achieved by using 4 REs and one OCC4 for 4-Tx or by using 2 REs and OCC2 for 2-Tx and codes with hierarchical structure (OVSF codes). There exists also the possibility of utilizing the 4 REs for 2 Tx cases, however this option does not comply with the agreement of 1 RE/port/PRB. Power boosting of 4 dB is needed for full power utilization. An example pattern is depicted in Figure 2 (b).

OCC8 provides a CDM-only solution with a code length of eight spanning in time over 8 REs and avoiding the OFDM symbols with Rel-8 CRS . No power boosting of CSI-RS is needed in this case. In 8 Tx cells, each code is assigned to one port. When operating in 4-Tx or 2-Tx configurations one has to make use of OCC4 and OCC2 respectively. As previously mentioned, the eight REs could be also used in cases when there are 2 Tx antenna cells, allowing each antenna port to be mapped to a code hence spanning the codes in both intra and inter-cell directions. For example in 2-Tx case, two code/ports are used for the serving cell while remaining six codes can be assigned to neighbour 3 cells, if 2-Tx cells are used or one four and one two Tx cell can handle the remaining six ports. The main known drawback of pure CDM pattern has to be taken into account: the fact that it reserves resources equal with the code length, and could lead to suboptimal RE utilization when a lower code length is needed. This is the case for 2-Tx operation, as 8 REs are reserved, the remaining six REs need to carefully be utilized. As in the case of OCC4, the agreement of 1 RE/port/PRB prohibits such option. In fact, OCC8 is one solution which does not need muting as such, if codes are efficiently handled. By this we refer to the case of minimum muting area when the eight REs are utilized for 4 Tx and 2 Tx cases. One may need to create larger orthogonal areas in order to allow for more efficient inter-cell channel estimation. In this case additional muting is needed, we discuss these aspects in a companion contribution [4]. It is worth poiting out that OCC8 would have the worst legacy impact compared for example to OCC2 and muting solution.. 
Based on the above considerations on the OCC length, it is seen that OCC2 brings more flexibility as the code length also matches the minimum number of two antennas being also the baseline antenna configuration. However, as inter-cell orthogonality needs to be ensured, the disadvantage of reserved resources can be overcome by running the code in inter-cell direction, as explained above. Besides the previous arguments related to the OCC length and various possible combinations we would like to stress the need to have a full band CSI-RS transmission.
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Figure 2: Single cell 8Tx CSI-RS reference patterns – OCC choices: (a) 2, (b) 4 (c) 8
3
Intra-cell CSI-RS performance
In this section we present DL single-cell SU-MIMO performance results for CSI-RS patterns depicted in Figure 2.

Most of our analysis is conducted on reference signals patterns for 8-Tx as this is the case where gaps need to be filled in Rel-10 specifications. Codebook-based transmission is considered in 3GPP-TU and PA channels. Detailed simulation assumptions are found in Appendix 1 and these are inline with agreed Stage-1 parameters [7]. From the results presented in the following figures one can see similar performance for all investigated OCC lengths as expected in low mobility scenarios which are anyway targeted environment for closed-loop DL MIMO. Based on the arguments in the previous chapter we believe a good candidate is OCC2.  
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 Figure 3: Single cell 8Tx CSI-RS performance for various OCC lengths in Pedestrian A channel, 3kmph.
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Figure 4: Single cell 8Tx CSI-RS performance for various OCC lengths in 3GPP TU channel, 3kmph.
[image: image8.emf]-8 -6 -4 -2 0 2 4 6 8 10

0

2

4

6

8

10

12

14

x 10

5

SNR [dB]

Throughput [bit/s]

1 layer, 3GPP-TU 10 km/h, 8x2 IID codebook, {QPSK,16QAM,64QAM} 1/2

 

 

Ideal CSI-RS

1RE/port FDM

1RE/port CDM-T OCC-2

1RE/port CDM-T OCC-4

1RE/port CDM-T OCC-8


Figure 5: Single cell 8Tx CSI-RS performance for various OCC lengths in 3GPP TU channel, 10kmph.
4
Conclusions

In this contribution we have investigated several CSI-RS patterns requiring different boosting levels in order to efficiently handle the power available at the transmitter for CSI-RS transmission. A CDM component in time direction in addition to FDM multiplexing is found to alleviate the CSI-RS boosting range to large extent. While all OCC code lengths of 2, 4, and 8, have their pros and cons, OCC2 seems to provide the most flexible solution 

· Consider CDM-T with OCC2 as a further candidate for CSI-RS multiplexing in case RAN4 sees issues with 9 dB spatial CSI-RS boosting above nominal transmission power.
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Appendix 1 – Simulation parameters

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, ITU Pedestrian A

	UE velocity
	3 km/h, 10 km/h, 30 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
	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 IID 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
	1 RE/PRB/port

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

	CSI-RS reference patterns 
	Patterns shown in Figure 1 and Figure 2

	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. 


