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1. Introduction

In the RAN1 #69 it was decided that UL MIMO supports only 2xSF2+2xSF4 configuration of spreading factors for S-E-DPDCH. This is not directly compatible with the existing spreading factor and modulation scheme selection algorithm that makes the selection of the scheme based on the input TB size (TBS). In order to align the requirement of using the 2xSF2+2xSF4 coding scheme with the existing spreading factor and modulation scheme selection algorithm a number of approaches may be taken. 

The first possible solution assumes allowing repetition of the coded bits for small TBSs to fill the 2xSF2+2xSF4 resources. That approach has been, however, deferred by the 3GPP because of its significant implementation impact since repetition has never been applied before for HSUPA. An alternative approach is to apply some restrictions on the minimum TBS transmitted in rank-2 UL MIMO at the MAC layer so that to ensure the use of the 2xSF2+2xSF4 coding scheme with no repetitions. A potential drawback of the latter method is that the rank-2 throughput can be reduced when small TBSs are not allowed.

This document presents two variants of the minimum TBS approach implementation, justifies preference towards one of the schemes, and provides simulation results demonstrating that no essential performance degradation is caused when the minimum TBS limitation is introduced in the system.
2. Analysis of Minimum TBS Approaches
Decision taken on the last RAN1 #69 meeting is limiting the minimum transport block size (TBS) for the E-DPDCH and S-E-DPDCH channels when a rank-2 UL MIMO transmission is used. The limitation is required to avoid using repetition when the TBS is not large enough to fully utilize physical resources of the 2xSF2+2xSF4 scheme. The following approaches for defining the minimum TBS for rank-2 UL MIMO can be considered:

· Approach 1 – The minimum TBS is introduced so that no changes are needed to the legacy spreading factor and modulation scheme selection algorithm specified in [1]. The drawback of the approach is that the minimum TBS is dependent on the PLnon-max parameter. The PLnon-max parameter is used by the current existing spreading factor and modulation scheme selection algorithm [1] to set the limitation on the maximum code rate and can be configured for the UE by network signaling. Taking the PLnon-max dependence to the MAC layer for minimum TBS determination is not-justified from the system design point of view and alternative Approach 2 is proposed.
· Approach 2 – The minimum TBS is defined independent from PLnon-max so that to avoid repetitions for the 2xSF2+2xSF4 coding scheme. This minimum TBS is 3812 bits corresponding to the coding rate of 0.33 and BPSK modulation. A modification of the modulation scheme selection algorithm is required. Such modification has been already proposed in [2]. With the minimum TBS imitation of 3812 bits, the algorithm in [2] will provide the required behavior (for lower TBSs some of the coded bits will be repeated). This approach is proposed to be accepted for UL MIMO standardization.
3. Simulation Results
Simulations were run to estimate the usage of the smallest TBs in order to conclude about the potential throughput degradation for rank-2. In the histograms presented below, the distribution of E-TFCs for the E-DPDCH and S-E-DPDCH are demonstrated. 

Simulation Assumptions

Table 1 presents the simulation assumptions used in the analysis. 

Table 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)

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16QAM, 64QAM 

	TBS [bits]
	Variable: 120 –  32832 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
	Ideal

	Inner loop power control
	On

	Outer loop power control
	On

	TPI selection
	Testing of all hypotheses to maximize the primary stream SINR

	TPI feedback delay
	3 slots

	TPI error rate
	No errors, ideal feedback

	TPI update frequency
	3 slots

	Rank selection
	Fixed rank-2

	Scheduler delay
	4 slots

	Delay for marginal loop for S-E-DPDCH
	4 slots

	Marginal loop steps
	1 dB ( (1 – BLER_target),
1 dB ( BLER_target

	Propagation Channel
	Ped A 3 km/h, Veh A 3 km/h, uncorrelated channel realizations between the transmit and receive antennas; 

	NodeB Receiver Type
	LMMSE, 2RX antennas


Rank-1 / Rank-2 Distribution for Adaptive Rank UL MIMO Transmission for Different RX Ec/No

This section presents results of the rank-1 / rank-2 distribution for different RX Ec/No values in order to demonstrate the RX Ec/No range where rank-2 transmissions constitute an essential fraction of the total number of transmissions. The distributions are borrowed from [3] and are presented in Table 2.
Table 2. Rank-1 / rank-2 distribution for adaptive rank UL MIMO transmission at different RX Ec/No for the Ped A 3 km/h and Veh A 3 km/h channel models
	
	Target RX Ec/N0

	Channel mode
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	
	R-1, %
	R-2, %
	R-1, %
	R-2, %
	R-1, %
	R-2, %
	R-1, %
	R-2, %
	R-1, %
	R-2, %

	Ped A 3 km/h
	98
	2
	85
	15
	59
	41
	16
	84
	5
	95

	Veh A 3 km/h
	99
	1
	94
	6
	51
	49
	24
	76
	4
	96


It can be seen that for RX Ec/No below 10 dB the fraction of rank-2 transmissions is not higher than 15%. At RX Ec/No equal to 10 dB, rank-2 transmission can account for 41-49% of the cases and for RX Ec/No of 20 dB the absolute majority of all transmissions are rank-2. Hence, the RX Ec/No values of 10, 15, and 20 dB have been used for the next analysis of the min TBS limitation impact that is only relevant for rank-2.
Ped A 3 km/h Channel Model
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Figure 1. E-TFC distribution diagram for the E-DPDCH for the Ped A 3 km/h channel model for RX Ec/No equal to 10, 15, and 20 dB
As it can be observed in the figure above, on the primary stream the usage of low TBS (below any of the limits) is unlikely. 
E-TFC distribution for S-E-DPDCH
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Figure 2. E-TFC distribution diagram for the S-E-DPDCH for the Ped A 3 km/h channel model for RX Ec/No equal to 10, 15, and 20 dB
In case of the S-E-DPDCH, the usage of smaller TBS is more likely to happen than for the E-DPDCH of the primary stream. If Approach 1 would be considered there is a chance that a great number of potentially useful TBS will not be allowed. In case of Approach 2, in the worst case, over 30% more TBs cannot be chosen (Rx Ec/No = 10dB). However, the simulations may be somewhat rank2-heavy and the loss of throughput for all cases can be expected to be zero to negligible.
Veh A 3 km/h Channel Model

E-TFC distribution for E-DPDCH
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Figure 3. E-TFC distribution diagram for the E-DPDCH for the Veh A 3 km/h channel model for RX Ec/No equal to 10, 15, and 20 dB
As it was in case of the Ped A 3 km/h channel model, the usage of low TBS is rather rare to be applied for the E-DPDCH.

E-TFC distribution for S-E-DPDCH, VA3, Fixed Rank-2
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Figure 4. E-TFC distribution diagram for the S-E-DPDCH for the Veh A 3 km/h channel model for RX Ec/No equal to 10, 15, and 20 dB
In case of the E-TFC distribution for the S-E-DPDCH, a similar effect as in the Ped A 3 km/h channel model can be observed. Again the usage of low TBS is quite high and Approach 2 seems to be more reasonable than Approach 1 also from that perspective. In case of Approach 1 over 45% percent of the TB could not be used in the worst scenario (RX Ec/No=10dB). However, the simulations may be somewhat rank2-heavy and the loss of throughput for all cases can be expected to be zero to negligible.
Taking all the simulation results into account it can be summarized that introduction of the minimum TBS limitation almost does not impact the E-DPDCH channel performance (i.e. all TBs are scheduled in the majority of the cases to be above the limit). For the S-E-DPDCH, the fraction of the impacted TBs is 20-30% (Approach 2) for the lowest considered RX Ec/No of 10 dB. For higher RX Ec/No, the fraction of impacted TBs decreases for the S-E-DPDCH to below 10-15%. Hence, it may be assumed that the limitation of the minimum TBS will have only a moderate impact on the UL MIMO performance. Comparison of the results for Approach 1 and Approach 2 also demonstrates some preference of Approach 2.
4. Conclusion

This document presents two approaches of introducing the minimum TBS limitation for UL MIMO rank-2 transmissions. The limitation is needed in order to meet the requirement of using for UL MIMO only the 2xSF2+2xSF4 modulation scheme and, at the same time, to avoid a significant implementation impact of supporting coded bits repetition that was not required before the UL MIMO introduction. 

Approach 1 directly reuses the existing spreading factor and modulation scheme selection algorithm [1] but the TBS limit applied at the MAC layer becomes depend on the PLnon-max parameter of the existing algorithm. That is not reasonable for the system design point of view and alternative Approach 2 is proposed. For that approach, the minimum TBS limit is fixed to 3812 bits (independent from PLnon-max) so that to avoid using repetitions but a modification of the selection algorithm is required. The corresponding selection algorithm has been already proposed in [2].
Simulations have been done to evaluate the impact the limitation would have on the UL MIMO performance. It was found that almost no impact will be made to the E-DPDCH channel and the impact on the S-E-DPDCH channel will be limited. The TBS below the defined limit are scheduled for rank-2 S-E-DPDCH in no more than 10-15% cases for the RX Ec/No region of practical interest. Furhtermore, the simulations may be somewhat rank2-heavy and the loss of throughput for the cases where rank1 transmissions are forced instead of rank2 transmission with a small secondary TB be expected to be zero to negligible.
Taking this all into account Approach 2 is proposed to be used.

Proposal 1: Minimum TBS for the UL MIMO E-DPDCH and S-E-DPDCH channels is equal to 3812 bits.
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