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1. Introduction

In TSG-RAN#50 a new study item, “Uplink MIMO for HSPA”, was approved [1]. The simulation methodology for link evaluation of UL MIMO as explained in [2], [3] was accepted, with link simulation parameter assumptions as described in [4]. The simulation framework requires implementing a scheduler to dynamically select the TBS for SIMO, and the number of streams as well as TBS on each stream in the case of MIMO. Since dynamic TBS selection is not usually done in link simulations, this document provides an example to clarify the operation of the scheduler.
2. Scheduler operation for UL-MIMO
In the baseline design for UL-MIMO using two transport blocks, the NodeB determines and performs the following:

1. Under the dual stream hypothesis (rank = 2), determine the optimal pair of transport block sizes TBSds,1 and TBSds,2, subject to:

a. the available load at the NodeB

b. the available uplink power headroom at the UE

c. the required traffic to pilot power ratio (T/P1, T/P2)  for each of TBSds,1 and TBSds,2 and the required traffic to effective pilot ratio ∆T2TP where effective pilot corresponds to the DPCCH and the boosted E-DPCCH for the primary stream and to the boosted S-DPCCH for the secondary stream

i. T/P1 = SUM (E-DPDCH power)/DPCCH power
ii. T/P2 = SUM (S-E-DPDCH power)/DPCCH power

d. the received SNRs on each of the streams and 

e. the constraint that the sum transmit power across the E-DPDCH(s) is the same as the sum transmit power across the S-E-DPDCH(s).

2. Under the single stream hypothesis (rank = 1), determine the optimal transport block size TBSss subject to:

a. the available load at the NodeB

b. the available uplink power headroom at the UE

c. the required traffic to pilot power ratio T/Pss  for TBSss and the required traffic to effective pilot ratio ∆T2TP where effective pilot corresponds to the DPCCH and the boosted E-DPCCH for the primary stream

i. T/Pss = SUM (E-DPDCH power)/DPCCH power
d. the received SNR on the primary stream

3. Compare TBSss with TBSds = TBSds,1 + TBSds,2 and select the rank accordingly

4. In the case rank = 1 is selected, the NodeB signals T/Pss to the UE.

5. In the case rank = 2 is selected, the NodeB signals T/P1 and T/P2 to the UE

Based on the signaled grant(s) from the NodeB, the UE performs the following:

1. If a single grant T/Pss, is received

a. the UE translates this grant to a transport block size and determines the amount of power to transmit on E-DPDCH (sent on primary precoding vector) based on the current transmit power on DPCCH

b. No data is transmitted on the S-E-DPDCH i.e. on the secondary precoding vector.

2. If two grants T/P1 and T/P2 are received, 

a. the UE translates T/P1 to to a transport block size that is transmitted on the primary precoding vector and determines the total amount of power to transmit on E-DPDCH based on the current transmit power on DPCCH. The same amount of power is also transmitted on S-E-DPDCH.

b. the UE translates T/P2 to to a transport block size that is transmitted on the secondary precoding vector

3. Link Simulation – Detailed example of scheduling
The simulation framework, including the explanation of scheduler operation, is explained in detail as the methodology Option-D of [2], which has been accepted as the performance evaluation methodology. This section present a detailed example describing the steps of the scheduler operation as outlined in Section 2. The uplink power headroom at the UE is assumed to be infinite, since the UL MIMO feature is expected to mainly benefit high data-rate users which are not expected to be power-limited.
3.1 Scheduler table
The scheduler uses a table to map receive SNRs to TBS, as explained in detail in subsequent sections. The table used is a linearly interpolated version of Table 1 below. This table was derived by running for each TBS shown in the first column, a SIMO link simulation in AWGN with 2 receive antennas, ∆T2TP=10dB and power control turned off . The true DPCCH (pilot) SNR required to meet 10% BLER after the 1st HARQ attempt in this simulation was logged in the second column. For the case of 4 receive antennas, the entries in the second column are lowered by 3dB.
Table 1: Ecp/No required for 10% BLER after 1 HARQ in AWGN, 1x2 Rx, ΔT2TP = 10 dB

	TBS [bits]
	Ecp/No [dB]
	DPCCH boost [dB]

	120
	-25.6
	0

	1593
	-15.8
	9.8

	2856
	-13.4
	12.2

	4913
	-11
	14.6

	6859
	-8.8
	16.8

	8105
	-7.4
	18.2

	9985
	-6
	19.6

	11316
	-5
	20.6

	15798
	-1.8
	23.8

	19462
	-0.8
	24.8

	22995
	7.4
	33


When power-control is active, E-DPCCH boosting is required to prevent high DPCCH setpoints for high TBS. For simplicity of simulation, the boost is directly applied on the DPCCH and simultaneously on its outer-loop target, thus avoiding having to simulate boosting and demodulation of a separate E-DPCCH channel. In this case, the additional boost to be applied when the TBS changes from one value to another is simply the difference between their corresponding required EcpNo levels as listed in the second column of Table 1. Thus, an arbitrary boost value could be assigned to one of the TBS, eg, boost of 0 dB (i.e., no boosting) for the smallest TBS=120, and then the boost values for all the other TBS are determined based on the second column. The resulting boosts are shown in the last column of Table 1. Note that offseting all boost dB values by a fixed constant has no impact on performance, since the power-control loop, once converged, will effectively nullify the effect of that constant offset.
3.2 Scheduling example - SIMO
Under the proposed link methodology, there is a maximum RxEcNo constraint parameter
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 fixed for each simulation, which models the ROT budget constraint that a practical scheduler will face. The scheduler picks the TBS, and thus the associated boost value, so as to fill up the available RxEcNo budget. Assume that :
a) 
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b)  Just prior to scheduling, the current TBS was 
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c) The pre-equalizer receive EcpNo was measured during the transmission of this TBS to be 
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Note that the measurement in (c) includes the effect of the boost that was currently being applied based on the current TBS 
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. To determine the new TBS, the scheduler applies the RxEcNo constraint, which reads as follows: 
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Substituting the numbers, assuming 
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, yields 
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. Using Table 1, this corresponds to TBS=4913. (Thus, in this example, the scheduler picks the new TBS to be the same as the current one).
For a static channel, ILPC and OLPC invert the fade and maintain a roughly constant RxEcpNo. Thus, the TBS is almost fixed, depending only on 
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, though there will be some variation due to noise and measurement errors. If the channel or noise statistics were to suddenly change, the RxEcpNo required to maintain the BLER target for the same TBS may change. This will change the available ROT and cause the TBS to update based on Equation (1).
Also note that while the simulator applies the boost directly to the DPCCH, an actual implementation would boost E-DPCCH. However, it is easy to interconvert between the pair 
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and the pair (T2P,C2P) where C2P refers to E-DPCCH to DPCCH power ratio. The interconversion formulas are given by
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3.3 Scheduling example – MIMO
Now consider a MIMO simulation with the same 
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. Subscript indices 1 and 2 will be used to indicate primary and secondary stream quantities respectively. Assume that :

a)  Just prior to scheduling, the current primary stream TBS was 
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b)  The pre-equalizer RxEcpNo on the two streams was measured during the transmission of this primary stream TBS to be 
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As in the SIMO case, the RxEcpNo measurements in (b) include the boosting that was applied based on 
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; note that by assumption, both stream pilots always receive the same boost. In this case, the scheduler must compare single stream and dual stream hypotheses to select the number of streams and the TBS on each stream.
Step 1: Assume dual streams are scheduled.

The RxEcNo constraint then reads as:
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Note that both MIMO streams receive the same boost which depends only on the primary stream TBS, and both streams have the same 
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. Substituting the numbers, 
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. Using Table 1, the associated maximum value of primary stream TBS is
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=2856. To determine the secondary stream TBS, the scheduler measures the current post-equalizer pilot SNR on the secondary stream, denoted by 
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. Note that this value includes the effect of the current boost. Scheduler then estimates the new value that this quantity would have once the primary stream TBS and corresponding boost are updated based on Equation (3). A simple approximate estimate is to simply offset the measured value by the boost difference. In slow channels, this difference is not expected to vary over a very wide range, thus this linearizing approximation for the post-equalizer SNR could be justified. Thus,
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Assuming 
[image: image22.wmf]2

curr

lotChipSNR

RxPostEqPi

was measured to be -13dB, 
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 =-15.4dB, which maps using Table 1 to 
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=1593. Note that prior to mapping the SNR to TBS based on Table 1, the margin-loop offset should also be added to 
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. The margin loop offset is adapted during the simulation to maintain the targeted BLER on the secondary stream, and was assumed to be zero for this example.
Step 2: Assume a single stream is scheduled
Here Equation (3) must be modified by replacing the 
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for the secondary stream with zero. Thus,
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Substituting the values, 
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, which yields (based on interpolating Table 1) 
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Step 3: Rank adaptation

Scheduler then compares the sum 
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 under dual-stream hypothesis with the single stream TBS. Since 2856+1593<4690, a single stream is chosen. Note that even if this comparison favored dual-stream, dual-stream can only be chosen if both the TBS exceed a certain fixed minimum value, designed to enforce the 2xSF2+2xSF4 OVSF configuration during dual-stream transmission.

The conversion between the pairs 
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and (T2P, C2P) is exactly as in SIMO for the primary stream. For the secondary stream, boosting could be directly applied to the S-DPCCH, instead of transmitting and boosting a separate E-DPCCH-like channel on the secondary stream. The new E-DPCCH-like channel required to carry the E-TFC of the secondary stream could be sent on the primary stream itself.
References

[1] RP-101432, “Proposed study item on Uplink MIMO”, Qualcomm Incorporated, Deutsche Telekom, Ericsson, Nokia Siemens Networks, ST-Ericsson, T-Mobile USA, Interdigital, Telecom Italia, Renesas Technology Europe, Huawei, China Unicom, Samsung
[2] R1-110682,  “Simulation Framework for Link Evaluation of UL MIMO”, Qualcomm Inc., RAN1-64

[3] R1-110681,  “Link Evaluation of UL MIMO using different Link Simulation Methodologies”, Qualcomm Inc., RAN1-64
[4] R1-111115, “Simulation assumptions for UL MIMO for HSPA”, Ericsson, ST-Ericsson, Huawei, HiSilicon, InterDigital Communications, Nokia Siemens Networks, Nokia Corporation, Qualcomm Incorporated, ZTE






1/5

_1361151099.unknown

_1361170143.unknown

_1361284496.unknown

_1361285060.unknown

_1363698239.unknown

_1363698558.unknown

_1361285930.unknown

_1361286220.unknown

_1361285413.unknown

_1361284914.unknown

_1361170204.unknown

_1361170275.unknown

_1361170318.unknown

_1361168217.unknown

_1361169076.unknown

_1361169639.unknown

_1361151405.unknown

_1361152295.unknown

_1361152405.unknown

_1361151160.unknown

_1361149877.unknown

_1361150818.unknown

_1361151037.unknown

_1361150737.unknown

_1361149785.unknown

_1361149860.unknown

_1361149759.unknown

