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1. Introduction

In RAN1#68bits meeting, the discussions were given with regard to boosting design for UL MIMO [1-2]. In last meeting, UL MIMO comes to the following agreements:

Agreement:

S-E-DPCCH

· S-E-DPCCH transmitted on the primary precoding vector

· S-E-DPCCH is I/Q multiplexed with E-DPCCH on the Rel-6 E-DPCCH code

· The presence of S-E-DPCCH indicates rank2, the absence rank1, when the UE’s max rank is 2

· S-E-DPCCH is never sent when the UE’s max rank is 1

· When E-DPCCH is not boosted, the S-E-DPCCH is transmitted with the same power as E-DPCCH

· FFS: what to do with S-E-DPCCH power when E-DPCCH is boosted

S-DPCCH

· Working assumption: The CLTD S-DPCCH boosting rules can be applied unchanged. To be confirmed in RAN1#69

In this contribution, we discuss the boosting design and present simulation results of boosting schemes for UL MIMO.

2. Decision criterion for the boosting mode
In UL MIMO, the decision criterion for switching from no boosting mode to boosting mode needs to be specified. There are two options for determining when to boost. 
· Option1.1: Determined by the E-TFC of primary stream

This is the normal method based on an ETFCI threshold used for single stream uplink transmission. Since power control and SIR estimation are based on the primary stream, the boosting decision might be done the same way as for UL-CLTD. Regardless of rank indication, UE is boosted when the E-TFCI of the primary stream meets the E-TFCI boosting threshold. The advantage of this option is that the boosting process is the same as the legacy process. However, there may exit drawbacks in following cases:

After UE was boosted in rank1, UE starts to transmit with rank2. The primary TB would be small since the TB is assigned to two streams. Hence, UE might be non-boosted because the primary TB does not meet the boosting threshold.

In RAN1 68 meeting, it was agreed that S-E-DPDCHs can only be present when E-DPDCHs are sent with 2xSF2+2xSF4, S-E-DPDCHs can only be sent with 2xSF2+2xSF4. This means that UE could transmit large data flow when transmitting with rank2. After starting transmitting with rank 2 and in non-boosting mode, the UE likely switches again to boosting when the E-TFCI boosting threshold is reached. Therefore, the receiver at the NodeB will receive uplink data with “UE boosted (rank1)”, then “UE non-boosted (rank2)”, and then “UE boosted (rank2)”. The frequent switches boosting/non-boosting has a certain impact on the receiver algorithm. So we consider the following Option1.2.
· Option 1.2: Determined by the UE transmission rank
If in rank2 transmission, UE operates in boosting mode; if rank1 transmission, UE decides the boosting mode as for UL CLTD. The advantage of this option is the introduction of a control to avoid frequent switches between boosting and non-boosting mode in UL MIMO. 

With Option1.2, the example given above becomes that firstly “UE boosted (rank1)”, and then “UE boosted (rank2)”. The receiver can remain in boosting mode and this benefits the receiver algorithms.
From the above analysis, our preference is towards Option 1.2 where the boosting control takes into account both the rank and boosting threshold.
Proposal 1: Determination of the boosting mode is done by considering the rank.
3. Discussion on UL MIMO boosting schemes 
In Section 3, we discuss two boosting designs on the basis of the UL MIMO agreements.
3.1 Boosting Schemes
In Figure 1, there is uplink channel structure in UL MIMO on the basis of the UL MIMO agreements. 
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Figure 1: Uplink channel structure in UL MIMO.
In the last meeting, it was agreed to transmit S-E-DPCCH on the primary stream. S-DPCCH should be boosted when in UL MIMO boosted mode. According to [4], the definitions of
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, if E-TFCIi is greater than E‑TFCIec,boost.
E-DPCCH and S-E-DPCCH are used to channel estimate, demodulation and etc for the primary stream; S-DPCCH is used to channel estimate, demodulation and etc for the secondary stream. We consider the two following options for boosting: 
· Option 2.1 
S-DPCCH is
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E-DPCCH is 
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(boosted); S-E-DPCCH is 
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· Option 2.2 
S-DPCCH is
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E-DPCCH is 
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-3dB (boosted); S-E-DPCCH is 
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3.2 Simulation results and observations
According to Section 3.1, demodulation performance of E-DPDCHs would not be different in the two options, because the same amount of power is used for channel estimation and other processing. The difference in the two schemes mostly affects the performance of E-DPCCH and S-E-DPCCH.
· Simulation Assumptions: 
The simulations assumptions are given in [3], and also repeated in Appendix. The powers of the channels are shown in Table 1. 
Table 1: UL MIMO boosting specific link level simulation assumptions 
	Parameter
	Option 2.1
	Option 2.2

	S-E-DPCCH/DPCCH power ratio(dB)
	0
	13.03

	E-DPCCH/DPCCH power ratio  (dB)
	16.03
	13.03

	S-DPCCH/DPCCH power ratio  (dB)
	16.03
	16.03

	Propagation Channel
	PA3


· Simulation Results: 
Figure 2 shows the performance relation between E-DPCCH and S-E-DPCCH in both options. 
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Figure 2: The performance relation between E-DPCCH and S-E-DPCCH in both options.
· Observations: 
In Option 2.1 with S-E-DPCCH not boosted, there is considerable degradation of the performance of S-E-DPCCH when the probability of error of E-DPCCH meets 1%. It has a large impact on S-E-DPCCH, since the E-DPCCH power is much larger than the S-E-DPCCH power.

In Option 2.2, the performance of E-DPCCH is the same as S-E-DPCCH. 

In both options, the total transmit power over the primary and secondary E-DPCCHs is the same and consequently   the demodulation performance of E-DPDCHs are roughly similar. However, in Option 2.1 the low power on the S-E-DPCCH can influence the rank detection (as S-E-DPCCH is used as implicit rank detection), and also the power difference between E-DPCCH and S-E-DPCCH, which are I/Q multiplexed, and both used for channel estimation for demodulation of the primary data stream, is not preferable. It seems then that boosting as in Option 2.2 is a reasonable solution.
Proposal 2: Both E-DPCCH and S-E-DPCCH are boosted at half of the legacy E-DPCCH boosting power for UL MIMO boosting operation.
4. Conclusion
In this contribution, we firstly discuss the decision criterion for switching to boosting mode. We prefer the determination is done by considering the rank and the boosting threshold. In rank 1, UE follows the same rules as for boosting in CLTD, and uses the E-TFCI boosting threshold. In rank 2, UE is in boosting mode. 

Initial simulation results and observations of UL MIMO boosting schemes are provided. The boosting scheme with E-DPCCH and S-E-DPCCH boosted at half of the legacy E-DPCCH boosting power, seems a reasonable solution with a balanced transmit power over the primary and secondary E-DPCCHs and good demodulation performance for E-DPDCH.
Proposal 1: Determination of the boosting mode is done by considering the rank.
Proposal 2: Both E-DPCCH and S-E-DPCCH are boosted at half of the legacy E-DPCCH boosting power for UL MIMO boosting operation.
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Appendix
A.17 E-DPDCH Fixed reference channel 8 (FRC8)

Table A.17

	Parameter
	Unit
	Value

	Modulation
	
	16QAM

	Maximum. Inf. Bit Rate 
	kbps
	8109.0

	TTI
	ms
	2 

	Number of HARQ Processes
	Processes
	8 

	Information Bit Payload (NINF)
	Bits
	16218

	Binary Channel Bits per TTI (NBIN)
(3840 / SF x TTI sum for all channels)
	Bits
	23040

	Coding Rate (NINF/ NBIN)
	
	0.704

	Physical Channel Codes
	SF for each physical channel
	{2,2,4,4}

	E-DPDCH testing:
E-DPDCH/DPCCH power ratio

E-DPCCH/DPCCH power ratio


ΔT2TP

E-DPDCH/DPCCH power ratio

E-DPCCH/DPCCH power ratio

	
dB
dB
dB
dB

dB
dB
dB
dB 

dB
dB

	Non E-DPCCH boosting
Diversity: 4.09
Non-diversity: 6.98
Diversity: -9.54
Non-diversity: -5.46


E-DPCCH Boosting

Diversity: 12
Non-diversity: 15
Diversity: 19.99
Non-diversity: 22.00
Diversity: 16.03
Non-diversity: 14.09


E-DPDCH/DPCCH power ratio is calculated for a single E-DPDCH with SF 4. The power of an E-DPDCH with SF2 is twice that of an E-DPDCH with SF4.
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