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1. Introduction

In the last Seoul meeting, a way forward relevant to CSI-RS and DRS was agreed [1], where the
following contents were included:

e Possible to use LTE-Advanced features without any LTE-Advanced subframes
—  Cell specific CSI RS possible to transmit in normal, Rel-8, subframes.
e Strive for same CSI RS and DM-RS patterns regardless of sub-frame type (DL Rel-8 or DL
LTE-A sub-frames).

To realize such a CSI RS design, two proposed schemes have been discussed: one is to use puncture
fashion [2] and the other is to use superposition manner [3]. In practical scenario, the latter is much
better than the former, which has been investigated in our contributions [4][5].

To further move the way forward relying on the agreement, this contribution focuses on superposition
manner for CSI RS design [3]. Two types of CSI RS patterns are taken into account. One is used for
emphasizing the simplicity and considering the independent design between CSI RS and DRS by
taking into account physical similarity between DL Rel-8 and DL LTE-A sub-frames. The other is used
for reusing CSI RS multiplexed with DRS and enhancing the system performance but without
increasing any RS overhead.

2. Superposition based CSI-RS Design

In this section, we design CSI-RS with specified position and pattern. The determination of CSI-RS
position and pattern relies on whether CSI-RS is multiplexed with DRS or not. With multiplexing
mechanism, CSI-RS may occupy more resource elements (RE) due to the reuse functionality but
causing UE complexity, whereas without multiplexing, CSI-RS are only able to occupy the limited
number of REs. However, overhead dedicated to the overall RS should be kept the same. Furthermore,
CSI-RS based channel estimation is discussed as well.

2.1. CSI-RS Position and Pattern

Figure 1 belongs to the type-lI CSI-RS designed for Rel-8 sub-frame, which will be not multiplexed
with DRS. Thus, the number of REs dedicated to CSI-RS is small; consisting of 6 REs per antenna port
in each resource block (RB).

The superposition based CSI-RS works well for different antenna configurations, corresponding to 5, 6,
7, and 8 antenna ports. Figure 2 exemplifies the superposition based CSI-RS pattern for different
antenna ports (type-1 CSI-RS) in Rel-8 sub-frame; i.e., in (a), the designed CSI-RS works for 5 antenna
ports. Similarly, (b) works for 6 antenna ports, (c) for 7 antenna ports, and (d) for 8 antenna ports.
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Figure 1: Example of superposition based CSI-RS location for 8 antenna ports (type-1 CSI-RS) in
Rel-8 sub-frame.
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Figure 2: Example of superposition based CSI-RS pattern for different antenna ports (type-I
CSI-RS) in Rel-8 sub-frame.

Figure 3 belongs to the type-11 CSI-RS designed for Rel-8 sub-frame, which will be multiplexed with
DRS so as to potentially enhance system performance. In this case, the number of REs dedicated to
CSI-RS is comparably large; consisting of 12 REs per antenna port in each resource block (RB).

Figure 4 exemplifies the superposition based CSI-RS pattern for different antenna ports (type-11 CSI-
RS) in Rel-8 sub-frame; i.e., (a) works for 5 antenna ports, (b) for 6 antenna ports, (c) for 7 antenna
ports, and (d) for 8 antenna ports.
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Figure 3: Example of superposition based CSI-RS location for 8 antenna ports (type-11 CSI-RS)
in Rel-8 sub-frame.
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Figure 4: Example of superposition based CSI-RS pattern for different antenna ports (type-I1
CSI-RS) in Rel-8 sub-frame.

2.2. CSI-RS Based Channel Estimation

To estimate the fading channel for CSI reporting and realize a better channel estimation, it is able to
utilize both CRS and CSI-RS. There exist two types of RBs; one is related to LTE UE and the other is
to LTE-A UE. For LTE-A channel estimation, in LTE UE related RB, the degradation in general occurs
due to the interference from LTE UE, whereas in LTE-A UE related RB, such a degradation does not
appears. Therefore, the performance of channel estimation relaying on CSI-RS depends on the ratio of
two types of RBs. In addition, the accuracy of CSI relies on legacy LTE CRS as well.



As a consequence, in realistic system, we should take into account both CRS and CSI-RS to improve
the channel estimation performance; i.e., utilization of CRS 0-3, and utilization of CSI-RS 4-7 either in
LTE UE RB or in LTE-A UE RB.

3. CDM based DRS Design

In consideration of CoMP and relay mechanisms, DRS design had better rely on CDM manner which
as a majority is supported by many companies. In the way forward [1], it indicated that “strive for same
CSI RS and DM-RS patterns regardless of sub-frame type (DL Rel-8 or DL LTE-A sub-frames)”. In
what follows, we take into account this design constraint as far as the system is physically realized.

It is worthwhile noting that two types of sub-frames as discussed above have different behaviors; Rel-8
sub-frame, in general, uses the normal cyclic prefix with 14 OFDM symbols while LTE-A sub-frame
utilizes MBSFN sub-frame constructed by an extended cyclic prefix with only 12 OFDM symbols.
This may result in a difficulty in aligning both CSI-RS and DRS design.

3.1. Fixed RS Pattern Design

In this case, Rel-8 sub-frame and LTE-A sub-frame adopt the same RS pattern. This means that CSI-RS
(type-1) and DRS design are independently performed. However, when estimating the channel, the
estimator may still reuse CSI-RS in conjunction with DRS to enhance channel estimation performance
relaying on CDM manner.

In Figure 5, 36 REs are assigned for both CSI-RS and DRS. It can be easily seen that the DRS can be
further improved by cooperating CSI-RS.

It is worthwhile noting that this RS positioning may collide with LTE antenna port-5 DRS. However,
we believe that in this case, LTE antenna port-5 is never transmitted simultaneously with LTE-A DRS
and CSI-RS.
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Figure 5: Example of DRS location for 8 antenna ports and 2 layers with type-1 CSI-RS in Rel-8
sub-frame.



In order to strive the same pattern in both Rel-8 and LTE-A sub-frames, we reconsider the DRS pattern
as in Rel-8 sub-frame (discussed in Figure 5), which is illustrated in Figure 6. In this case, the type-I
CSI-RS is simply removed and DRS pattern is unchanged thanks to uniqgue MBSFN sub-frame
structure.
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Figure 6: Example of DRS location for 8 antenna ports and 2 layers in LTE-A sub-frame.

3.2. Efficient RS Pattern Design

In this case, DRS can be efficiently designed, but at the cost of somewhat UE complexity, by adopting
different RS pattern between Rel-8 sub-frame and LTE-A sub-frame. The intention of this RS design is
to efficiently multiplex CSI RS and DM-RS.

Figure 7 illustrates the RS design pattern occupying 36 REs, which is the same as used in Figure 5. It
can be intuitively presumed that CSI-RS based channel estimation performance can be significantly
improved.

Figure 8 shows the DRS design pattern in MBSFN sub-frame where the DRS structure is different
from that used in Rel-8 sub-frame, and sufficiently changed in terms of pattern and location.
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Figure 7: Example of DRS location for 8 antenna ports and 2 layers with type-11 CSI-RS in Rel-8
sub-frame.
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Figure 8: Example of DRS location for 8 antenna ports and 2 layers in LTE-A sub-frame.

4. Conclusions

In this contribution, we have proposed the RS pattern for both CSI RS and DRS in consideration of the
simplicity and commonality between Rel-8 sub-frame and LTE-A sub-frame. The consequences can be
made as follows:

e To simplify the both CSI RS and DRS design and reduce the UE complexity, CSI RS and
DRS may be independently designed.

e To enhance the system performance without increasing RS overhead, multiplexing manner
between CSI RS and DRS may be taken into account. In this case, CSI RS can be reused
for DRS estimation at the cost of UE complexity.
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