
3GPP TSG RAN WG1 #56
R1-090619
Athens, Greece, February 9-13, 2009

Agenda item:
12.4
Source: 
Samsung
Title: 
DL RS Designs for Higher Order MIMO
Document for:
Discussion and decision

1 Introduction
Since higher order MIMO up to 8x8 multi-antenna configuration is necessary to achieve the peak spectrum efficiency target [11], a new reference signal (RS) design supporting up to 8 layer transmissions has to be defined in LTE-A.

In 3GPP RAN1 meeting #55bis in Ljubljana, Slovenia, January 2007, companies shared their views on the DL RS design for higher order MIMO ([1]--[9]) and agreed on a way-forward, R1-090529 [10]. The conclusions in the way forward are copied below:
· Allow for two new types of RS

· Demodulation RS (for PDSCH demodulation)

· CQI-RS (for CQI/PMI/RI reporting when needed)

· In some scenarios, these RS may be combined into demod/CQI-RS (as in Rel-8)

· Schemes with precoded and/or non-precoded RS are to be considered

· For precoded demodulation RS, allow for demodulation RS for an layer present only in the resources where there is PDSCH transmission on the corresponding layer

· This is at least used for extending Rel-8 beamforming with UE-specific RS into multiple layers

· Rel-8 transmission schemes using Rel-8 cell-specific and/or UE-specific RS still supported
We see that the last bullet point implies that either a subset or the full set of time-frequency resources in an LTE-A system should support Rel-8 legacy UEs using Rel-8 RS patterns. For partitioning the time-frequency resources in LTE-A into Rel-8 compatible (or LTE) and non-compatible (or LTE-A) resources, either TDM or FDM has been considered in the contributions. With FDM, two alternatives have been considered in [1] and [4]. In one alternative [1], both types of resources co-exist in a component carrier, while in the other alternative [4], only one type of resources exists in each component carrier. On the other hand, with TDM, MBSFN-type subframes can be provided for non-backward-compatible operations. We view that all of these options can be investigated further, if these options having scheduling restrictions give clear benefits (e.g., throughput gain) over the approach leaving the full set of resources backward compatible. 
In this contribution, we discuss on the DL RS design for 8-Tx transmissions in backward-compatible time-frequency resources, where, for simplicity, we assume that all the RBs in a component carrier in a subframe are backward-compatible. 
2 CQI-RS and DM RS in PDSCH region
This design is in line with the first bullet in the way-forward. In this approach, for LTE-A UEs, CQI-RS is provided for the CQI/PMI/RI measurement, and DM RS is provided for demodulation. In some scenarios, CQI-RS can be used for demodulation as well.
In this contribution, cell-specific antenna ports 0, 1, ..., 7 are the 8 reference antenna ports used for CQI/PMI/RI measurement in all the LTE-A UEs in a cell, where the cell-specific antenna ports 0, 1, 2, 3 correspond to antenna ports 0, 1, 2, 3 in LTE. 
2.1 Design Consideration on CQI-RS

For the measurement of the 8-Tx channels, four additional sets of RS REs for cell-specific antenna ports 4, 5, 6, 7 must be provided on top of the four sets of Rel-8 RS REs for cell-specific antenna ports 0, 1, 2, 3. Here we note that even in these RBs where additional sets of CQI RS REs are allocated, we may still allow the Rel-8 transmissions, by adjusting the MCS for LTE UEs scheduled in such RBs [3]. The density of new CQI RS REs should be carefully chosen for simultaneously achieving the following two goals conflicting with each other:

· Marginal loss of MCS for LTE UEs and small RS overhead increase for LTE-A UEs
· Acceptable CQI/PMI/RI measurement performance. 

We may assign CQI RS REs sparsely either in time and in frequency, or both, to fulfil the first goal. On the other hand, to satisfy the second goal, we may need to try different values for the sparsity, i.e., the density of CQI RS REs. To ensure that the all frequency blocks are measured in a certain time window, we may consider a hopping of RBs containing CQI RS REs either in subframe-level. 
2.2 Low Rank Transmissions: Precoded DM-RS

On the other hand, since more accurate channel measurement is required for the demodulation than for the CQI measurement, we need higher RS-RE density for the DM RS than the CQI RS. We prefer to have the DM RS provided only when needed, due to the following reasons:

· The high density of the DM RS should be allowed to only these UEs whose channel condition can compensate the higher RS overhead and result in a higher throughput. 
· With the DM RS provided only when needed, the inter-cell interference can be mitigated, since the chances that the DM RS is allocated in the same time-frequency resources in adjacent cells are reduced. 
Having need-based DM RS, the remaining question is whether to precode or not to precode the RS. For demodulation of 8-Tx transmissions in allocated RBs, we may provide RS for four additional cell-specific antenna ports, or rank-dependent number of precoded RS, in addition to the existing RS for four Rel-8 cell-specific antenna ports. Some discussions on this question are summarized in the following table.
	Benefits of Precoded DM RS
	Drawbacks of Precoded DM RS

	· Low RS overhead for lower ranks

· Beamforming gain: achieved by matching the precoder to the multi-antenna channel of a UE. In 8-Tx channels, it can be as large as 9 dB.

· Power gain: achieved by the multiple PAs involved in the precoding in noise-limited scenarios, while not useful in interference-limited scenarios.
· No PMI indication needed.
	· High RS overhead for higher ranks: If the total RS density increases as the number of layers increases, then rank-8 transmission may turn out to be infeasible due to the high RS overhead.
· Edge effect: Going towards edge subcarriers/ OFDM symbols in the allocated RBs, the channel estimation performance is degraded. 


	Benefits of non-precoded DM RS
	Drawbacks of non-precoded DM RS

	· RS density maintained for higher ranks.
· Time-frequency interpolation gain: As with LTE cell-specific RS, an LTE-A UE can interpolate the channel estimation results in its current allocated RBs and in other RBs where other LTE-A UEs are allocated for 8-Tx transmissions, provided that the LTE-A UE is informed of the location of such RBs.
	· High RS overhead for lower ranks.
· No beamforming gain.
· No power gain.
· PMI indication needed in the DL grant.


Having these discussions, we prefer introducing precoded DM RS, at least for low ranks (e.g., ranks 1-4). 
2.3 High Rank Transmissions: Two Alternatives
If we adopt precoded RS for lower ranks, then, in order not to have prohibitively large RS overhead with higher ranks, we may need to have a special consideration. For supporting high rank transmissions (e.g., ranks 5-8), we may provide PMI in the DL grant, as well as mapping 4 additional sets of DM RS REs in the allocated RBs. Two alternatives are considered for high rank transmissions:

Alternative 1: Provide RS for four additional cell-specific antenna ports in these four sets of DM RS REs. With PMI in the DL grant, a UE can demodulate the 8-Tx transmission signals, regardless of the rank.

Alternative 2: Allocate precoded RS for layers 0-3 in these four sets of DM RS REs. With PMI in the DL grant, we may construct a system of linear equations set up by the 8 estimated channels, 4 from Rel-8 RS and the other 4 from the precoded RS. Solving this system of equations, a UE can find channel estimates of the 8 cell-specific antenna ports for demodulation. The detailed procedure is outlined in the appendix.
3 Example DL RS Patterns
3.1 New RS Mapping in an LTE-A Frame
Figure 1 shows an example RS mapping in 10 subframes in a 10-msec frame. CQI RS is assigned in every fifth subframe beginning from subframe #1, where the CQI RS can be allocated either in the system RBs or only in a subset of system RBs. In all the other subframes than #1 and #6, DM RS can be allocated in the RBs where 8-Tx transmissions take place, along with the LTE cell-specific RS. 
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Figure 1 RS mapping in subframes in a 10-msec frame
3.2 Example CQI RS Patterns
Figure 2 shows examples of CQI RS RE mapping in one RB in a subframe. The following considerations have been made for the design:
· CQI RS RE density is kept minimum, one RS RE per antenna port in a time slot.

· In each OFDM symbol where CQI RS REs are allocated, two closest RS REs for one antenna port have three RS REs for three antenna ports, so that we may power-boost each RS by up to 4 times (in the case of Figure 2(a)).

· Two adjacent RS REs are spaced apart by 2 REs in between, just as for Rel-8 RS, to facilitate the interference management by cell-specific frequency shifting.
· To avoid any scheduling restrictions, the CQI RS REs are allocated avoiding the RS REs for Rel-8 RS ports 0, 1, 2, 3 and 5.

On the CQI RS REs in Figure 2(a)(b), either RS for four additional cell-specific antenna ports or CDM-ed cell-specific RS can be mapped. One example of applying CDM in the pilot pattern of Figure 2(b) is described below:

Walsh-Hadamard (WH) codes apply to the RS in two consecutive OFDM symbols and in two consecutive sub-carriers having RS transmission. The WH codes are:
· RS4: {1, 1} in the time domain and {1, 1} in the frequency domain.

· RS5: {1, 1} in the time domain and {1, -1} in the frequency domain.

· RS6: {1, -1} in the time domain and {1, 1} in the frequency domain.

· RS7: {1, -1} in the time domain and {1, -1} in the frequency domain.
As a result, on Rel-10 port 4 in Figure 2(b), RS4+RS5+RS6+RS7 is mapped; on Rel-10 port 5, RS4-RS5+RS6-RS7 is mapped; on Rel-10 port 6, RS4+RS5-RS6-RS7 is mapped; and on Rel-10 port 7, RS4-RS5-RS6+RS7 is mapped, where RS4, RS5, RS6 and RS7 implies the RS for cell-specific antenna ports 4, 5, 6 and 7.
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Figure 2 CQI RS RE mapping in one RB in a subframe
3.3 Example DM RS Patterns
Figure 3 shows example DM RS mapping patterns in one RB in a subframe, where Figure 3(a) is a design with 3 RS REs, while Figure 3(b) is a design with 4 RS REs per antenna port. Following considerations have been made for the design:

· Two adjacent RS REs are spaced apart by 2 or 3 REs in between, to facilitate the interference management by cell-specific RS shifting.

· To ensure backward compatibility, the DM RS REs are allocated avoiding the RS REs for Rel-8 RS ports 0, 1, 2 and 3.


[image: image3.emf]even-numbered slots odd-numbered slots

2

1

0

1

0

3

0



l 6



l

0

3

2

3

2

1

0



l 6



l

even-numbered slots odd-numbered slots

1

0

1

0

3

2

3

2

0  l 6  l

0

1

0

1

2

3

2

3

0  l 6  l

(a) 3  RS REs per antenna port

(b) 4 RS REs per antenna port

0

1

2

3

Rel-10 DM Port 0

Rel-10 DM Port 1

Rel-10 DM Port 2

Rel-10 DM Port 3


Figure 3 DM RS mapping in one RB in a subframe
4 Link-level Simulations
We summarize the parameters used for generating the results in this section below:
· Channel bandwidth = 10 MHz

· Sub-frame size = 2 slots = 1 msec = 14 OFDM symbols (normal CP)

· FFT size = 1024

· Sampling frequency = 15.36 MHz

· Carrier frequency: 2.0 GHz

· Channel model: 

· Uncorrelated TU-6 channel, 30 km/h

· Number of antennas: 8 at eNodeB and 2 at UE
· Channel Estimation:  
· Cell-specific RS: 2D MMSE channel estimation in three RBs (2D MMSE with precise power-delay profile available at the UE).

· UE-specific RS: 2D MMSE channel estimation in one RB
Figure 4 shows link-level channel-estimation mean-square error results when both CQI RS and LTE RS are allocated in the RBs within the bandwidth using the pattern shown in Figure 2(a). The SNR in the figure is the received SNR per receive antenna. We boost pilot powers where applicable by pulling the unused power in the other RS REs; for LTE CRS 0/1/2/3 we apply 3 dB boost, while for New CQI RS 4/5/6/7 we apply 6 dB boost. Due to the different pilot densities, LTE CRS 0/1 shows 2-3 dB better MSE than LTE CRS 2/3. On the other hand, CQI RS achieves better MSE than LTE CRS 2/3 in the low SNR regime owing to the power boost gain, while it loses advantage in high SNR regime owing to the lower pilot density. From this MSE analysis, we expect that the new CQI RS could also be used as demodulation RS in low-speed scenarios, as it achieves reliable MSE performance in the medium-to-high SNR regime.
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Figure 4 Channel-estimation mean square errors with pilot pattern in Figure 2(a), when used as cell-specific RS
Figure 5 shows link-level channel-estimation MSE results when both need-based DM RS and cell-specific LTE RS are allocated in the RBs within the bandwidth using the pattern shown in Figure 2(a) and Figure 3(a)(b). In the simulation, we assume that only one RB is assigned to a UE, and accordingly the channels associated with DM RS are measured within the RB. When the pilot pattern in Figure 2(a) is utilized as need-based DM RS, the channel estimation performance becomes worse, and it shows error floors. We observe that the DRS port 1/3 and DRS port 0/2 show different error floor and MSE performance owing to the non-symmetric RS patterns. On the other hand, as we increase the number of DM RS REs per antenna port as in Figure 3(a)(b), the MSE performance improves, and DRS 0/1/2/3 achieves uniform MSE performance. This analysis suggests that for need-based DM RS, we would need at least 3 RS REs per antenna port.
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Figure 5 Channel estimation MSE with pilot patterns in Figure 2(a) and Figure 3(a)(b), when used as DM RS
5 Conclusions
Our recommendations on the DL RS design based on the discussions in this contribution are listed below:
· CQI and DM RS in PDSCH region.

· Considerations on CQI RS

· Non-precoded CQI RS allocated in a time-sparse (and maybe frequency-sparse) manner. 
· In the RBs with CQI RS, Rel-8 transmission is still allowed with appropriate MCS accounting for the performance loss due to not using CQI RS REs for data transmission.

· For CQI RS, assign small number of RS REs per antenna port, e.g., 2 RS REs, while for DM RS, allow for a slightly larger number of RS REs. Pilot patterns would be allocated so as to facilitate the inter-cell interference management by cell-specific frequency shifting, and to enable power boosting by pulling the unused power in the RS REs for the other antenna ports. CDM-ed CQI RS can also be considered.
· Considerations on DM RS

· Precoded DM RS for low-rank transmissions (1,2,3,4).
· For high rank transmissions (5,6,7,8), provide PMI in a DL grant, as well as allocating four sets of DM RS REs in the PDSCH region.

Appendix
A UE follows the following procedure for demodulating the higher-order layers in Alternative 2: 

· (Step 1) A UE estimates channels associated with 4 cell-specific antenna ports. Then, at a receive antenna, four channel estimates, 
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· (Step 2) The UE estimates channels associated with 4 UE-specific antenna ports. The RS for UE-specific antenna port 
[image: image7.wmf]i

 is precoded by precoding vector 
[image: image8.wmf]i

p

 used for the transmission of layer 
[image: image9.wmf]i

, where 
[image: image10.wmf]3

,

2

,

1

,

0

=

i

 and 
[image: image11.wmf]i

p

 is an 8x1 vector. Hence, at a receive antenna, for channel estimates 
[image: image12.wmf]3

2

1

0

,

,

,

g

g

g

g

 associated with the first four UE-specific antenna ports are obtained, where 
[image: image13.wmf]i

i

h

h

h

h

h

h

h

h

g

p

]

[

7

6

5

4

3

2

1

0

=

. Now, we have a system of four linear equations 
[image: image14.wmf]i

i

h

h

h

h

h

h

h

h

g

p

]

[

7

6

5

4

3

2

1

0

=

, where 
[image: image15.wmf]3

,

2

,

1

,

0

=

i

.

· (Step 3) The UE solves the system of linear equations for unknowns 
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 is estimated in (Step 1). Now, we have estimates for all the 8 channels associated with the 8 cell-specific antenna ports, 
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· (Step 4) The UE estimates the channels associated with the transmissions in layer 
[image: image22.wmf]i

, where 
[image: image23.wmf]7

,

6

,

5

,

4

=

i

, utilizing 
[image: image24.wmf]7

6

5

4

3

2

1

0

,

,

,

,

,

,

,

h

h

h

h

h

h

h

h

 and 
[image: image25.wmf]7

,

6

,

5

,

4

}

{

=

i

i

p

.

References

[1] R1-090023, “Backward compatible design of downlink reference signals in LTE-Advanced,” Sharp, 3GPP RAN1 #55bis Meeting, Ljubljana, Slovenia, January 2009.

[2] R1-090085, “DL RS design for higher order MIMO,” ZTE, 3GPP RAN1 #55bis Meeting, Ljubljana, Slovenia, January 2009.
[3] R1-090103, “Discussions on DL RS design for higher order MIMO,” Samsung, 3GPP RAN1 #55bis Meeting, Ljubljana, Slovenia, January 2009.

[4] R1-090144, “Design aspects of high-order MIMO for LTE,” Nortel, 3GPP RAN1 #55bis Meeting, Ljubljana, Slovenia, January 2009.
[5] R1-090190, “RS design for DL higher order MIMO in LTE-A,” CATT, 3GPP RAN1 #55bis Meeting, Ljubljana, Slovenia, January 2009.
[6] R1-090218, “Downlink Reference Signal for Higher Order MIMO,” LGE, 3GPP RAN1 #55bis Meeting, Ljubljana, Slovenia, January 2009.
[7] R1-090272, “CDM-based CRS structure for 8 transmit antennas,” ETRI, 3GPP RAN1 #55bis Meeting, Ljubljana, Slovenia, January 2009.
[8] R1-090288, “Common Reference Signals for 8 Transmit Antenna,” Texas Instruments, 3GPP RAN1 #55bis Meeting, Ljubljana, Slovenia, January 2009.
[9] R1-090317, “Support of DL Higher-Order MIMO Transmission in LTE-Advanced,” NTT DOCOMO, 3GPP RAN1 #55bis Meeting, Ljubljana, Slovenia, January 2009.

[10] R1-090529, “Way forward on CoMP and MIMO DL RS,” Outcome of ad hoc discussions, 3GPP RAN1 #55bis Meeting, Ljubljana, Slovenia, January 2009.

[11] TR 36.913 v8.0.0, “Technical Specification Group Radio Access Network; Requirements for Further Advancements for E-UTRA(LTE-Advanced).”
_1295098540.unknown

_1295098966.unknown

_1295120745.vsd
7


6


5


4


5


4


7


6


even-numbered slots


odd-numbered slots


Rel-8 Port 0


Rel-8 Port 1


Rel-8 Port 2


Rel-8 Port 3


Rel-8 Port 5


4


Rel-10 port 4


5


Rel-10 port 5


6


Rel-10 port 6


7


Rel-10 port 7


5


4


5


4


7


6


7


6


even-numbered slots


odd-numbered slots



_1295121497.vsd
even-numbered slots


odd-numbered slots


2


1


0


1


0


3


0


3


2


3


2


1


even-numbered slots


odd-numbered slots


1


0


1


0


3


2


3


2


0


1


0


1


2


3


2


3


(a) 3  RS REs per antenna port


(b) 4 RS REs per antenna port


0


1


2


3


Rel-10 DM Port 0


Rel-10 DM Port 1


Rel-10 DM Port 2


Rel-10 DM Port 3



_1295099080.unknown

_1295099330.unknown

_1295099380.unknown

_1295099009.unknown

_1295098593.unknown

_1295098904.unknown

_1295098588.unknown

_1295098504.unknown

_1295098483.unknown

_1295098253.unknown

_1295098407.unknown

_1294220589.vsd
#0


#1


#2


#3


#4


#5


#6


#7


#8


#9


A subframe with UE-specific DM RS and LTE CRS




LTE
CRS


New DRS


New DRS


A subframe with CQI RS and LTE CRS


Resource blocks



