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1. Introduction

In the previous meeting, RAN1#63bis, a working assumption was made that the data and pilot should undergo the same precoding in the terminal. One advantage of such a scheme is that, at least in principle, the receiver does not have to be aware of beamformed transmission taking place, which is beneficial in soft handover and for backwards compatibility reasons.

However, the application of precoding weights disturbs pilot channel continuity and leads to performance degradation unless countermeasures are taken in the Node B. In this document we investigate the trade-off between link performance and additional receiver complexity. We observe that with suboptimal processing, which is the only option at a non-serving cell in soft handover, is associated with a link penalty of 0.2–0.8dB, depending on the channel model.

We propose that the sub-optimal processing penalty should be taken into account in future system level simulations.

2. Receiver Impact

In this section, we analyze the impact of phase discontinuities on receiver implementation in the following scenarios:

· The receiver is aware of the precoding weights applied in the terminal; the weights are utilized to perform phase deembedding. We refer to this approach as “optimal receiver processing”.

· The receiver does not perform phase deembedding; this may happen for a number of reasons such as non-serving cell in SHO or due to an engineering trade-off. We refer to this approach as “suboptimal receiver processing”.

Further, the performance of the following pilot configurations is evaluated by simulation:

· Non-precoded pilot, Option I in the terminology of [1].

· Precoded pilot, Option III in the terminology of [1]. This configuration complies with the agreement from RAN1#63bis.

The terminology DPCCH, S-DPCCH and DPCCH1 and DPCCH2 is used interchangeably in this document.
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Figure 1 – Simulated pilot configurations. (a) Option I: non-precoded pilot and (b) Option III: precoded pilot.

2.1. Channel Estimation for Demodulation

The MIMO channel estimation scheme for Option I and III with phase discontinuity compensation is shown in Figure 2.
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Figure 2. Diagram of MIMO channel estimation for Option I and Options III with phase discontinuity compensation.

As shown in Figure 2, after descrambling and DPCCH and S-DPCCH despreading the primary p1i(k) and secondary p1i(k) pilots received from the i​-th antenna are estimated for every channel tap. Then the TX weight vector deembedding procedure is applied to estimate the pilot symbols c1i(k) and c2i(k) effectively received from the first and second antenna respectively. 

For Option I, the TX weight vector procedure is transparent since the DPCCH and S-DPCCH pilots are sent from the two antennas separately:
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A more complex TX weight vector deembedding procedure is used for Option III, where c1i(k) and c2i(k) are calculated as:
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Where w1, w2, w3, w4, (c1, and (c2 are as shown in figure 1.

The processing used for Option III is valid as long as [w1; w2] and [w3; w4] are orthogonal vectors, which is kept in the current analysis by selecting w1 = w3 and w2 = -w4 and |w1|2 = |w2|2 = |w3|2 = |w4|2 = 1/2.

After the TX weight vector deembedding, the channel estimates from the 1st or 2nd TX antenna to the i​-th RX antenna are obtained from a single DPCCH symbol. Then the channel estimation block is used for standard procedures of averaging over the pilot symbols to calculate channel estimates h1i(k) and h2i(k) from the 1st or 2nd TX antenna to the i​-th RX antenna at the k-th channel tap. These estimates can then be re-beamformed with the used TX weight vector for demodulation of the E-DPDCH.

The signal processing for MIMO channel estimation described above assumes that the same pilot patterns are transmitted at the DPCCH and S-DPCCH. If different pilot patterns are used then this should be accounted at the TX weight vector deembedding stage.

Option III also allows less complex though suboptimal processing. Only the primary DPCCH channel, which is beamformed jointly with the E-DPDCH, can be used for channel estimation as shown in Figure 3.
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Figure 3. Block diagram of MIMO channel estimation for the Option III pilot precoding scheme without phase discontinuity compensation.

2.2. SIR Estimation for TPC

For optimal receiver processing with phase discontinuity compensation, the effective pilot signals equivalent to Option I pilots are calculated at the TX weight vector deembedding and are further beamformed to drive the SIR estimation of the ILPC.

For the suboptimal processing of Option III, the DPCCH pilot is used for the SIR estimation and the ILPC loop is fully equivalent for the SIMO reference case.

2.3. TX Weight Vector Selection

The TX weight vector w = [w1; w2] is selected at the NodeB as maximizing the following metric:
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Where NRX is the number of the RX antennas and the maximum channel impulse response length is L + 1. The selection is done by trying all weight vectors from the TX weight vector codebook.

For Option III, the second TX weigh vector u = [w3; w4] is selected as orthogonal to vector w by setting w1 = w3, w2 = ‑w4 and |w1|2 = |w2|2 = |w3|2 = |w4|2 = 1/2.
To estimate the channel impulse response components h1i(k) and h2i(k) for TX weight vector selection, channel estimation with phase discontinuity compensation is always applied (irrespectively of whether this is also done for channel estimation or SIR tracking).

3. Simulation Results

3.1. Pilot Precoding

In this section, we present simulation results covering the following configurations:

· The reference SIMO case.

· Option I, assuming precoding weight knowledge in the receiver.

· Option III, optimal processing.

· Option III, suboptimal processing.

The βed/βc ratios are given with respect to a single SF4 E-DPDCH and the primary DPCCH. The power ratio between the primary and secondary DPCCH was equal to 0 dB. Asymmetric beamforming was performed with w1 = 1. The 4-entry precoding weight codebook of HSDPA MIMO was applied. Further simulation assumptions can be found in the Annex.

The following can be observed from the performance figures:

· Reference SIMO, Option I and Option III optimal processing perform very similarly in terms of RX Ec/N0. A small discrepancy between the reference case and beamforming can be observed for TBS=320 bits, which may be attributed to increased pilot overhead.

· RX Ec/N0 performance of Option III with suboptimal processing is noticeably poorer, compared to the remaining options. There is a strong dependency on the channel type and a weak one on the link data rate, ranging between 0.2–0.3dB in the case of PA3 and between 0.6–0.8dB in the case of VA30.
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Figure 4. Simulation results for TBS=320, BLER=1% after 4th attempt.
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Figure 5. Simulation results for TBS=2020, BLER=1% after 4th attempt.
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Figure 6. Simulation results for TBS=2020, BLER=10% after 1st attempt.

4. Discussion

The benefits of pilot precoding were qualified in [2][3], however, in the light of the above quantification this design choice seems less compelling:

· In absence of beamforming weight knowledge in the receiver demodulation is possible, but it comes with a 0.2—0.8 dB penalty in RX Ec/N0. To avoid this penalty, TX weights would need to be signalled to the Node Bs;  in that case it may be preferable to include TX weight signalling in the E-DPCCH together with the Option I non-precoded pilot instead for simplicity. The need for TX weight signalling to avoid error cases should be studied separately anyhow.

· In presence of beamforming weight knowledge in the receiver it is possible nearly to match the reference or non-precoded pilot performance using the precoded pilot (within 0.1 dB). However, this comes with additional complexity, associated with precoding weight de-embedding.

5. Conclusion

We have analyzed the link performance of the following configurations:

· The reference SIMO case.

· Option I, assuming precoding weight knowledge in the receiver.

· Option III, optimal processing.

· Option III, suboptimal processing.

Option III (precoded pilots) is the most relevant configuration, given the technical decisions made in the previous meeting. We observed link performance differences between optimal and suboptimal processing associated with precoded pilots:

· In the case of the PA3 channel, suboptimal processing penalty ranges from 0.2 to 0.3dB.

· In the case of the VA30 channel, suboptimal processing penalty ranges from 0.6 to 0.8dB.

In the system, suboptimal processing only is possible at non-serving cells in the case of SHO and both optimal and suboptimal processing is possible at the serving cell.

The current analysis was performed assuming slot-wise PCI updates and for a non-symmetric implementation, which may exacerbate link penalties and motivate a slower, TTI-wise PCI update rates.

Proposal: if slot-wise PCI changes are allowed then:

· Sub-optimal processing penalty should be taken into account in future system level simulations.

· Contributors should describe the assumptions on receiver processing in the serving and non-serving cells.

It is recommended that the group performs further analysis of this issue, including symmetric beamforming implementation as well as a wider range of data rates.

Annex
Simulation Assumptions

The simulation assumptions are shown in the following table.

An asymmetric usage of the beamforming weights was assumed.

Table 1 Simulation assumptions

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	320, 2020

	Modulation
	 QPSK

	Number of physical data channels and spreading factor
	TBS320: 1xSF4

TBS2020: 2xSF2

	20*log10(βed/βc) [dB]
	varied over a wide range

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	0

	Number of H-ARQ Processes
	8

	Maximum Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	1% residual BLER after 4 H-ARQ attempts

10 % BLER after 1 H-ARQ attempt

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Secondary DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic, 3 slots

	Compensation of phase discontinuity
	yes, no – as described in RX processing section

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4 %

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	rake

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	CLTD Codebook Size
	4

	CLTD Feedback Error Rate
	no errors

	CLTD Feedback Update Rate
	1 slot

	CLTD Feedback Delay
	2 slots
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