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1. Introduction

In the last RAN1#68 meeting the discussion was initiated regarding the transmission of S-E-DPCCH for UL MIMO. It was decided that S-E-DPCCH is to be introduced for rank-2 transmissions and that it shall indicate the data format on the secondary stream. In this document, we make further proposals regarding the S-E-DPCCH transmission format, namely:

Proposal 1: S-E-DPCCH is under SF256 and uses the same slot format as E-DPCCH.

Proposal 2: S-E-DPCCH is under a different OVSF code, compared to E-DPCCH.
Further, we discuss and analyze by simulation the S-E-DPCCH transmission variants under the primary and secondary precoding vector, concluding that both variants are feasible and.
2. Discussion

2.1. S-E-DPCCH Slot Format

As the S-E-DPCCH is expected to carry similar content as the E-DPCCH, it is proposed that S-E-DPCCH employs the same slot format i.e. SF256 is used, leading to 10 BPSK symbols per slot.

Further, according to the proposal in paper [1], we suggest that UL transmission rank is discovered by the network by means of blind detection. Therefore, from the receiver implementation point of view, it is preferred to place the control channels on different OVSF codes in order to reduce I/Q leakage. This leads to the following proposals:
Proposal 1: S-E-DPCCH is under SF256 and uses the same slot format as E-DPCCH.

Proposal 2: S-E-DPCCH is under a different OVSF code, compared to E-DPCCH.
2.2. S-E-DPCCH Precoder Choice
As UL dual stream MIMO transmission is expected to be realized in the high RX Ec/N0 regime and using high E‑TFCs, it can be assumed that pilot boosting is prerequisite for UL MIMO i.e. E-TFCI > E-TFCIec,boost. With this assumption, the channel power relationships are discussed in the following:
· The left hand side of Figure 1 illustrates the expected energy split between the physical channels in the case of CL BFTD and rank-1 MIMO transmission. As shown in [2], the energy Ec_S-DPCCH of the secondary pilot must be increased for improved precoding vector selection. However, as S-DPCCH energy is less essential for data demodulation, it is not necessary to increase its level up to the total primary stream pilot power.
· The situation where rank-2 transmission is active and S-E-DPCCH is transmitted using the primary precoding vector is shown on the right hand side of Figure 1. The energy Ec_S-DPCCH of the secondary pilot should be increased up to the level of the combined energy of the primary pilot signals to support both the precoding vector selection as well as high fidelity MIMO channel estimation for data demodulation of the secondary stream. The S-E-DPCCH is transmitted under the primary precoding vector and therefore taking it into account in the receiver will improve secondary data demodulation to a lesser degree.
· The situation where rank-2 transmission is active and S-E-DPCCH is transmitted using the secondary precoding vector is shown on the right hand side of Figure 2. The energy Ec_S-DPCCH of the secondary pilot is at the same level as for rank-1 transmission or, alternatively, set to Ec_DPCCH. Ec_S-E-DPCCH is set to be equal to the energy of Ec_E-DPCCH. Both the E-DPCCH and S-E-DPCCH can be exploited by the receiver for improved channel estimation quality for precoding vector selection and data demodulation.
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Figure 1. Illustration of energy allocation to physical channels, S-E-DPCCH precoded with the primary vector.
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Figure 2. Illustration of energy allocation to physical channels, S-E-DPCCH precoded with the secondary vector.

3. Simulation Results

Table 1 through to Table 4 provide an initial set of simulation results on decoding reliability. The results focus on E​‑DPCCH and S‑E‑DPCCH block error rates and, for the time being, false alarm and missed detection probabilities have not been evaluated. The simulations were performed for the serving cell.
As can be verified from Table 1 and Table 3, the S-E-DPCCH decoding reliability matches that of E-DPCCH when S-E-DPCCH is placed on the primary stream.

From Table 2 and Table 4 it can be observed that for the lower RoT target range (0 dB, 5 dB), the S-E-DPCCH decoding reliability is lower than that of E-DPCCH. However, in the higher RoT target range (10 dB and higher), which is more relevant for dual stream MIMO transmission, the control channels can be decoded with equivalent reliability.

The presented results lead to to observation that both options: S-E-DPCCH under the primary and secondary stream are feasible. At the same time it is realized that the analysis should be extended to cover adaptive rank transmissions, control channel reception at non-serving cells as well as TX power/RX Ec/N0 implications.

Table 1. E-DPCCH S-E-DPCCH error rates, PA3 channel. E-DPCCH on primary stream; S-E-DPCCH on primary stream.
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Table 2. E-DPCCH S-E-DPCCH error rates, PA3 channel. E-DPCCH on primary stream; S-E-DPCCH on secondary stream.
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Table 3. E-DPCCH S-E-DPCCH error rates, VA3 channel. E-DPCCH on primary stream; S-E-DPCCH on primary stream.
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Table 4. E-DPCCH S-E-DPCCH error rates, VA3 channel. E-DPCCH on primary stream; S-E-DPCCH on secondary stream.
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4. Conclusion
S-E-DPCCH format and precoding were discussed in this document and the following recommendations were made:
Proposal 1: S-E-DPCCH is under SF256 and uses the same slot format as E-DPCCH.

Proposal 2: S-E-DPCCH is under a different OVSF code, compared to E-DPCCH.
Further, initial analysis of the S-E-DPCCH transmission variants under the primary and secondary precoding vector was performed, with the conclusion that both variants are feasible and.
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Annex A – Simulation Assumptions
Table A.1. Simulation assumptions

	Parameter
	Value

	Physical channels
	DPCCH, S-DPCCH, E-DPCCH, S-E-DPCCH, E-DPDCH, S-E-DPDCH.

	T2TP
	(10 dB (depending on the E-TFC)

	Beta factors
	beta_c = beta_sc
beta_ec = beta_sec

	E-DCH TTI [ms]
	2

	Modulation
	16QAM for TBS ( 8105, QPSK otherwise

	TBS [bits]
	Variable 120 – 22995 bits

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	Number of H-ARQ processes
	8

	H-ARQ operating point
	10% BLER after 1 attempt

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation for E-DPCCH decoding
	Correlation-based with [1 1 1] averaging over three slots, using channel estimates from DPCCH and S-DPCCH

	Channel estimation for S-E-DPCCH decoding
	Correlation-based with [1 1 1] averaging over three slots, using channel estimates from DPCCH, E-DPCCH and S-DPCCH

	Channel estimation for E-DPDCH and S-E-DPDCH decoding
	Correlation-based with [1 1 1] averaging over three slots, using channel estimates from DPCCH, E-DPCCH, S-DPCCH and S-E-DPCCH

	Inner loop power control
	On

	Outer loop power control
	On

	Number of TX weights
	4-entry phase only codebook

	Beamforming approach
	CL-BFTD-compliant

	TX weight vector selection
	Testing of all hypotheses to maximize the primary stream SINR

	TX weight vector feedback delay
	4 slots

	TX weight vector feedback error rate
	No errors, ideal feedback

	TX weight vector update frequency
	3 slots

	Scheduler delay
	4 slots

	Delay for marginal loop
	4 slots

	Margin loop step sizes [dB]
	1 dB ( (1 – BLER_target),
1 dB ( BLER_target

	Propagation Channel
	PA3, VA3, uncorrelated channel realizations between the transmit and receive antennas

	NodeB Receiver Type
	LMMSE, 2RX antennas

	Rank adaptation
	Fixed rank-2 transmission

































































































































































































































































































































































































































































