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Introduction
During the course of standardization of E-UTRA, there have been several proposals for UE specific RS in downlink for a variety of reasons:

· Partial loading scenarios

· Beamforming

· RB specific precoding

In [1], Qualcomm had proposed a structure for the UE specific RS, where the common pilots were replaced by a new UE specific RS structure except for the PDCCH region. Note that this scenario is similar to operation on mixed unicast/MBSFN subframes in terms of measurements and channel estimation logic (different channel estimators for unicast and MBSFN parts), and thus should pose no new issues. There were several other proposals for UE specific RS, which place UE specific RS on top of cell specific RS. This document compares these approaches. 
2 UE Specific RS vs Cell Specific RS
For a fully loaded system, UE specific RS results in higher pilot overhead over cell specific RS for SIMO, the overheads are similar for MIMO. UE specific RS supports per tile interference estimation, and can be used to optimally weigh the LLRs in the turbo decoder, leading to capacity gains. However, cell specific RS provides better estimation performance when there are no interference variations – the performance is similar in the presence of even mild interference variations, like the variations seen in the system-level simulations for the case of full buffer traffic with little or no power control. 
However, for partial loading, the UE specific RS are transmitted only when a sector has data to send. The only “permanent” channel is the pilot sent in the PDCCH which is used for measurements. This allows for SNR improvements of up to 20dB in lightly loaded scenarios, and can translate to significant MIMO gains, since MIMO benefits are best observed only at high SNRs. Moreover, per-tile interference estimation in UE specific RS mode can be used to null out the portion of the bandwidth that sees interference, and thus very high SNRs can be obtained on the remaining bandwidth. With cell specific RS, the pilot is always transmitted with a 14.3% pilot overhead (MIMO case) with possible power boosting of 3dB. This is equivalent to an Ec/Ior = -8.5dB. Thus, SNR improvements in a lightly loaded network are limited to about 5.5 - 8.5dB as compared to a fully loaded network. The partial loading benefits become non-existent if the two modes are multiplexed, since the common pilot is always present.
UE specific RS support efficient beamforming, spatial precoding and SDMA, as the pilots can be beam-formed in the same direction as data. For cell specific RS, the eNB and the UE have to agree on the beamforming direction. For MIMO, this requires either an explicit control signaling describing the beamforming direction on the DL, or reliable beamforming feedback on the UL. Signaling errors lead to packet loss. Furthermore, there is a performance loss, as the channel from each transmit antenna needs to be estimated separately. However, UE specific RS also supports efficient interference nulling, since the spatial covariance of the interference can be estimated on a per-tile basis. For cell specific RS, since different users may be beamformed in different directions, the interference covariance changes from tone to tone and is difficult to estimate.

3 UE Specific RS Structure
The dedicated pilot structure discussed here applies to both the FDD and TDD modes. The analysis and simulation results apply equally to both cases. Qualcomm proposes a 18 tone structure for the UE specific RS (Overhead = 13.6%, see Fig. 12), which is the same overhead as the two Motorola structures (Fig. 13 and 14), and little more than the CATT structure (Fig. 15). These are simulated using the structure shown in Fig. 1. Channel estimation is done in a localized manner using all the RS (UE-specific and cell-specific if any) present in that RB:
· Number of interleaved grids for an encoded TB = 4

· Number of pilot tones per grid = Varied

· No interpolation across grids
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Figure 1

Interleaved Grid Structure – UE specific RS mode

4 
Simulation Set-up

We compare the DL MIMO performances of the different UE specific RS structures at UE speeds of 3kph, 30kph, 120kph, and 250 kph respectively. 
Table 1 describes the numerology and the resource allocation for the link throughput simulation. Transmitter, channel, and receiver configurations are as follows:
	Slot duration
	0.5 ms

	Subframe duration
	1 ms

	Symbols / Subframe
	14

	FFT size
	512

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 

(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Data Allocation
	Grid level interleaved 4 RBs

	RB size
	180 kHz (12 tones)


Table 1
Evaluation Numerology

· Frequency selective precoding (assuming zero delay precoding): the optimal precoding index and corresponding rank information is generated for each RB and fed back to the transmitter. FS CQI report is based on 1 RB averaging. 
· Dedicated RS and PDSCH have the same energy per tone per antenna for the full rank data transmission, and the total energy allocated to data tones is evenly divided and allocated only to the active (virtual) antennas for the lower rank transmission.
· Bandlimited white interference and noise.
· 5MHz BW – 1x2 TU, 2x2 TU– 3kmph, 30kmph, 120kph and 250kph.
· Common RS for CQI computation
· Feedback delay for CQI, PMI, and RI – 3ms.
· Generation of CQI, PMI, and RI – Modulation order constrained (up to 64QAM) capacity formula based effective SINR method averaging the MMSE output SINR of individual tones. 

· Number of parallel H-ARQ processes – 6.
· Maximum number of retransmissions – 4 (including the first transmission).
· Adaptive H-ARQ BLER control – 10% BLER target after the first transmission.
· Control formats: n=1,2,3 – the first n symbols per subframe are reserved for PDCCH.
· Data transmission bandwidth and number of data symbols – 4 grid-level-interleaved RBs per subframe, 13 OFDM symbols (2th – 14th symbols) per TTI for n=1(13x12 tile), 12 OFDM symbols (3th – 14th symbols) per TTI for n=2 (12x12 tile), and 11 OFDM symbols (4th – 14th symbols) per TTI for n=3 (11x12 tile)
Table 2 describes the MCS format table used for adaptive modulation and coding of each layer, which is composed of 32 entries (but the last 5 entries are reserved). Thus, we need 5 bits for the full CQI description.
	Packet format index
	Spectral efficiency per antenna on the

 1st transmission

(bits/tone)
	Modulation order

	0
	0.259
	2

	1
	0.396
	2

	2
	0.487
	2

	3
	0.579
	2

	4
	0.703
	2

	5
	0.841
	2

	6
	0.969
	2

	7
	1.118
	2

	8
	1.278
	2

	9
	1.444
	4

	10
	1.754
	4

	11
	1.971
	4

	12
	2.204
	4

	13
	2.447
	6

	14
	2.683
	6

	15
	2.922
	6

	16
	3.296
	6

	17
	3.571
	6

	18
	3.828
	6

	19
	4.115
	6

	20
	4.399
	6

	21
	4.681
	6

	22
	4.961
	6

	23
	5.224
	6

	24
	5.461
	6

	25
	5.653
	6

	26
	5.801
	6

	27
	5.801
	6

	28
	5.801
	6

	29
	5.801
	6

	30
	5.801
	6

	31
	5.801
	6


Table 2
MCS Table

5
Simulation Results
In Section 5.1, we compare the performances of the various schemes proposed by different companies, and in Section 5.2, we explore effect of rank 1 beamforming with frequency selective vs. non-selective scheduling.
5.1
Various Schemes
The performance of the various schemes is shown in Fig. 2-4. As expected, the CATT scheme performs a little worse due to the lower overhead, while the Motorola and Qualcomm schemes are very close, with a marginal advantage for the Qualcomm scheme, as the UE specific RS was optimized for this block structure.
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Figure 2
Throughput (kbps) vs. geometry among different UE specific RS (1x2, 30/250km/h uncorrelated TU, 16QAM, Payload = 576)
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Figure 3
Throughput (kbps) vs. geometry among different UE specific RS (1x2, 30/250km/h uncorrelated TU, 64QAM, Payload = 864).
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Figure 4
Throughput (kbps) vs. geometry among different UE specific RS (1x2, 30/250km/h uncorrelated TU, 64QAM, Payload = 1296)
5.2
Rank 1 Beamforming Gains
The simulations presented in this section use the UE-specific RS structure shown in Figure 12.
In [2], the throughput performances of the FS precoding and FNS precoding in the 3km/h and 30km/h for 2x2 uncorrelated TU channel and 4x2 with SCM-B channel were shown with eigen-beamforming. For 2x2 MIMO about 1 dB gain was seen by using FS group precoding at 3kph and a little gain at 30kph with low geometry due to the inaccurate channel estimation at high speed. On the other hand, for 4x2 MIMO at 3kph, FS group precoding shows almost 3dB gain over FNS non-group precoding. This is attributed to the non-full rank operation, which is more sensitive to the transmission directions. About 0.5dB gain is observed at 30kph.

Figures 5-8 show the comparisons of FS vs. FNS for beamforming with rank-one.  For a UE speed of 3kph, for 2x2 and 4x2, the gains of FS over FNS are almost the same as eigen-beamforming case from low SNR to medium SNR, a little bit worse at high SNR for 4x2 than eigen-beamforming case due to the performance saturation caused by rank one transmission. While for the speed 30kph, the FS gains are more visible than eigen-beamforming case for both 2x2 and 4x2. 
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Figure 5
Throughput (kbps) vs. geometry among FS precoding and FNS precoding modes (2x2, 3km/h uncorrelated TU, DPICH for demodulation, rank one beamforming).

[image: image6.emf]0 5 10 15 20 25

0

500

1000

1500

2000

2500

2x2 TU, RankOne Beamforming, 30kph

Geometry in dB

Throughput in kbps

 

 

FS

FNS


Figure 6:
Throughput (kbps) vs. geometry among FS precoding and FNS precoding modes (2x2, 30km/h uncorrelated TU, DPICH for demodulation, rank one beamforming).
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Figure 7:
Throughput (kbps) vs. geometry among FS precoding and FNS precoding modes (4x2, 3km/h SCM-B, DPICH for demodulation, rank one beamforming).
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Figure 8: Throughput (kbps) vs. geometry among FS precoding and FNS precoding modes (4x2, 30km/h SCM-B, DPICH for demodulation, rank one beamforming).

As pointed out in Section 2, the gains of beamforming are significant with frequency selective precoding over each RB. These gains can only be realized using the UE specific RS and not a combination of UE specific and cell specific. Hence, in order to reduce the overhead and the interference to other cells, it is recommended that when UE specific RS is used, cell specific RS be eliminated from system operation, except for the PDCCH.
6
Summary

In this document, the performance of UE specific vs. a combination of UE specific and cell specific RS was studied. It is seen that the optimality of the system derives from its operation with the UE specific RS only. It is thus recommended that an optimized pilot pattern as proposed in [1] (Figure 12) be accepted as the baseline for UE specific RS operation.
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Appendix: Baseline UE specific RS Structures
[image: image9.png]Np =18, A-RSH

T ] |
[ | | I —
1TTI = 14 OFDM Symbols
B Reservee [ it Bl o




Figure 12: Qualcomm UE Specific Pilot Structure
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Figure 13: Motorola UE Specific Pilot Structure - I
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Figure 14: Motorola UE Specific Pilot Structure - II
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Figure 15: CATT UE Specific Pilot Structure
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