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1
Introduction

In TSG-RAN#50 a new study item, “Uplink MIMO for HSPA”, was approved [1]. In this contribution we discuss the uplink power control design for this feature.
2
Design issues
In DL MIMO, based on the available HS power/code allocation, the DL MIMO scheduler adapts the data rate on both streams in accordance to the reported CQI. No deliberate attempt is made to overcome the interference by way of power control. Instead the rate is adapted based on CQI reports such that a certain BLER target is met. However, on the uplink the UE transmit powers are much more limited than the BS transmit powers, and the interference at any NodeB cell is due to the sum of many UEs transmitting at the same time. So uplink power control is needed to ensure a stable uplink operation. In particular, the UE is power controlled so that it meets a certain SIR target. The SIR target itself is varied based on meeting a BLER target. This in turn interacts with the rate scheduling performed in the MAC layer. 

A few power control design issues for UL MIMO are as follows:

· fast v/s slow power control?

· dual v/s single inner loop power control?

· outer loop SIR target adjustment based on HARQ failure of primary stream or secondary stream or both streams?
3
Fast vs. slow power control
Inner Loop power control in HSUPA/W-CDMA is performed at 1500 Hz (once per slot).  This helps achieve a tighter control of ROT at the Node-B and also allows the UE to react fast and invert deep channel fades. This in turn affects the power assigned to the traffic channel (E-DPDCHs and S-E-DPDCHs) which in turn interferes with the rate adaptation mechanism performed by the NodeB scheduler that tries to ensure a certain BLER target irrespective of which TBS was scheduled.
In particular, in the case of MIMO, as was learnt during the DL MIMO study, due to the non-linear processing of the MIMO receiver, it is important that the power per code remains constant during the entire TTI. Variation in traffic channel power across a TTI affects the scheduling decision in terms of E-DCH serving grants but also affects the data demodulation performance. However the existing power control procedure adjusts the power control rate every slot while an E-DCH transport block is transmitted across a TTI (3 slots). Hence, at the very least, when UL MIMO is configured, the power control could be performed once every 3 slots (500 Hz) to allow for a constant transmit power on the traffic channel during the TTI on both the streams. On the other hand, there are other channels (DPDCH, E-DPCCH, HS-DPCCH) transmitted on the uplink besides the two streams transmitted on E-DCH and  so it is important that fast power control ensure a stable performance on these channels.

Based on the above, an alternative option could be to de-couple power control of the pilot and traffic channels. In otherwords, a two-dimensional power control loop could be considered, where the available traffic power and pilot powers are independently power controlled. The pilot power could be adjusted to ensure that overhead and DCH performance is maintained while the traffic power (E-DPDCHs, S-E-DPDHs) could be adjusted (in units of dBm) separately while ensuring that the E-DPCCH and S-DPCCH (which serve as phase references for the traffic channel) are at a fixed power offset below the traffic powers.

For now, as a baseline design, we propose assuming that the system can operate at slower inner loop power control rate of 500 Hz. The impact of this slower power control on the performance of the other channels (DPDCH, E-DPCCH and HS-DPCCH) has to be studied later. The alternative design using two-dimensional power control loop could also be studied later.
4
Dual v/s Single ILPC

Given that there are two pilots (DPCCH, S-DPCCH) in the assumed baseline design, a logical scheme would be to power control the two pilots independently by maintaining two power control loops and adapting the SIR targets independently based on the BLER or HARQ failure achieved on each of the streams. However, as is well known in MIMO theory and as shown in Figure 1, if we assume a 2x2 rayleigh fading MIMO channel matrix (hij; i ,j = 1,2), the weaker singular value (light blue pdf) has a much higher chance of deep fade compared to the stronger singular value (magenta pdf). The square of the singular value corresponds to the power of the signal component when the SINR measurements at the receiver are performed on the precoded channel (virtual channel). Hence, a lot of transmit power may be wasted on the secondary pilot if an attempt is made to invert the weaker eigenmode. This problem is alleviated in 2x4 mimo, where the weak eigenmode has better diversity. However, there is yet another problem, which arises both with 2x2 and 2x4: If both pilots are power controlled independently, the relative power offset between the two pilots at the transmitter must be known at the receiver so that its effect can be removed to determine the true underlying channel (upto a fixed scaling) for the purpose of precoder selection. This either requires additional signaling from UE Tx to NodeB receiver, or requires the NodeB to estimate this offset from the history of up-down ILPC commands on both the streams, which is susceptible to ILPC command errors.
On the other hand, if we assume that each of E-DPCCH and S-DPCCH are boosted by the same amount as per the E-DPCCH boosting rules in Rel-7, to ensure a high enough phase reference for the E-DPDCHs and S-E-DPDCHs respectively, then a single ILPC based on DPCCH should suffice since rate-adaptation will be used to meet the target BLER on the weaker stream.
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Figure 1: Probability density function of actual and virtual channel gains for a 2x2 rayleigh fading channel

Based on the above analysis, our baseline assumption is that a single ILPC is maintained at the NodeB based on the DPCCH channel , where the DPCCH SINR measurement is performed on the precoded channel (virtual channel).

5
Outerloop SIR target adjustment based on multiple MIMO streams

In general the OLPC algorithm can be mechanized as follows:

· OLPC algorithm receives CRCs for two streams and generates targetSNRs for both of them. 

· 2 targetSNRs could be independently generated (each using the corresponding CRC)

· or a single targetSNR could be generated for use by both streams, in one of the following ways: 

· Combine the two targetSNRs using a scheme such as selecting one of them (i.e. using only the strong stream targetSNR, or only the weak stream targetSNR), or their average,  minimum or maximum,
· Alternatively, maintain only one targetSNR and adjust it in response to each CRC on either stream, thus controlling the average BLER across both streams.

If we maintain a single ILPC based on DPCCH, there exist a few design options with regard to the outerloop operation when dual streams are transmitted:

· Option 1: SIR target adjustment based on BLER/H-ARQ failure performance of the primary stream

· Option 2: SIR target adjustment based on BLER/H-ARQ failure performance of the secondary stream

·  Option 3: SIR target adjustment based on BLER/H-ARQ failure performance of both the primary/secondary streams

Option 1 would be the most natural choice, given that the single ILPC is based on DPCCH while relying on the NodeB scheduler to achieve a certain BLER target on the second stream using an outer loop on the rate control of the second stream.

Option 2 could suffer from the same issue as discussed in the previous section, where the SIR target is continuously increased to overcome a deep fade associated with the weaker singular value of the MIMO channel and could result in a situation where the BLER on the 1st stream is much lower than the BLER target while the BLER target on the 2nd stream may not be achieved.

Option 3: This option may have some merit if SIR target is adjusted as a weighted function of the BLER performance achieved on each MIMO stream. For example, the SIR target could be biased towards the performance of the primary stream, while still paying some attention to the BLER performance of the second stream. This may be helpful in situations where the outer loop on rate control in the NodeB scheduler finds it challenging to meet a certain BLER target on the second stream. 

As a baseline design, we propose using Option 1. This is the natural choice given the baseline choice of single ILPC loop.
6
Conclusions

In this contribution, we considered different designs for uplink power control for the UL MIMO feature. We proposed a baseline design involving the following features:

a) Single power control loop based on the strong eigenmode of the channel,

b) Slower (500Hz) power control rate to avoid power variations within a TTI, and 
c) Reliance on rate adaptation rather than a second power control loop to ensure the decoding performance for the packets transmitted on the weak eigenmode of the channel.
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