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1. Introduction

In this paper, we raise for discussion a couple of issues regarding the specifications for the UE’s combining of TPC commands in SHO when Power Control Algorithm 1 is operational.  The relevant specifications in TS25.214 are as follows:

5.1.2.2.2.3
Combining of TPC commands from radio links of different radio link sets

This subclause describes the general scheme for combination of the TPC commands from radio links of different radio link sets.

First, the UE shall conduct a soft symbol decision Wi on each of the power control commands TPCi, where i = 1, 2, …, N, where N is greater than 1 and is the number of TPC commands from radio links of different radio link sets, that may be the result of a first phase of combination according to subclause 5.1.2.2.2.2.
Finally, the UE derives a combined TPC command, TPC_cmd, as a function ( of all the N soft symbol decisions Wi:

-
TPC_cmd = ( (W1, W2, … WN), where TPC_cmd can take the values 1 or -1.

The function ( shall fulfil the following criteria:

If the N TPCi commands are random and uncorrelated, with equal probability of being transmitted as "0" or "1", the probability that the output of ( is equal to 1 shall be greater than or equal to 1/(2N), and the probability that the output of ( is equal to -1 shall be greater than or equal to 0.5. Further, the output of ( shall equal 1 if the TPC commands from all the radio link sets are reliably "1", and the output of ( shall equal –1 if a TPC command from any of the radio link sets is reliably "0".
In this paper we consider the performance of the specified behaviour in conditions of high TPC error rates. 

2. Detailed discussion

As shown above, the specified TPC command combining method is specified precisely if the TPC commands are considered to be reliable. The method is commonly known as the “or of the downs” rule, whereby the UE’s transmit power is reduced if any of the Node Bs in the active set is requesting a reduction. 

This works well when the UE receives the TPC commands reliably. Figure 1 shows the uplink SIR as received by 2 Node Bs in the active set, where the target is always met at at least one of the Node Bs, and excess interference is not caused at either of the Node Bs.  The power control error rate (PCER) is 4% in this example – i.e. the SIR of the received TPC commands is good and most commands are received reliably. 
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Figure 1:  Power control in SHO with 2 Node Bs in active set. UE speed = 3km/h, PCER = 4%

The precise behaviour is not specified when none of the TPC commands in a slot is reliably “down” and not all of the TPC commands in the slot are reliably “up”. However, the requirement for the probability of increasing power to be ≥ 1/(2N) (for random TPC commands) ensures that in general the UE will make more upwards power changes when the TPC commands are not received reliably. The smallest proportion of upwards power changes (i.e. 1/(2N)) will occur when all the TPC commands are received reliably. 

We now consider the extreme case when the UE always increases its transmit power if none of the TPC commands in a slot is reliably “down”. This will result in the greatest possible proportion of upwards power changes.  (We will see later that this can be considered to be the “best-case” behaviour.)  In this case, the exact proportion of upwards and downwards power changes made by the UE will depend on:

1. the method used by the UE to decide whether commands are reliable, and

2. the PCER (or the SIR of the received TPC commands).

According to TS25.214, the method used for deciding whether commands are reliable is supposed to be a “soft-symbol decision”. Therefore it is assumed that the UE chooses an amplitude threshold relative to the expected received amplitude of the TPC commands; TPC commands which are received with a greater amplitude than the threshold are considered “reliable”, while TPC commands which are received with a smaller amplitude are considered “unreliable”. 

It can be shown (see the example in Figure 2) that the probability requirements for upwards and downwards power changes will always be met, regardless of the value chosen for this reliability threshold (provided that it is less than the expected amplitude of the TPC commands), even in the extreme case of always increasing the transmit power in any timeslot when no reliable “down” commands are received. 
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Figure 2: Proportion of upwards and downwards power changes for different 
Power Control Error Ratios (PCERs) and reliability thresholds 
(tx power always increased if no reliable “down” command in the slot).  
Note: The power control errors are modelled here using AWGN.

Figure 2 shows that the proportion of upwards power changes remains below 50% unless the reliability threshold is positioned above the expected amplitude of the received TPC commands (where 1 corresponds to the expected amplitude of the received TPC commands.) 

Issue 1

This raises the first issue for discussion:

The UE does not know the expected received amplitude of the received TPC commands, as they may be transmitted with an arbitrary power offset PO2 relative to the pilot bits. PO2 is in the range 

0 – 6dB and may be changed from frame to frame, but is not signalled to the UE. This means that if a non-zero power offset is used for the TPC commands, the UE is not able to take this into account in a maximum-likelihood approach for setting the reliability threshold. 

Clearly the UE could more easily make a good choice of reliability threshold if it had the knowledge of PO2. 

We believe it would be helpful to add the value of PO2 to the RRC signalling to the UE, and would like to invite the views of other companies. 

Issue 2

We now consider the actual performance of this TPC command combining method. Figure 3 shows the received UL Eb/N0 after selection combining, under the following conditions:

· 3 Node Bs in the active set

· a range of PCERs

· PO2 = 0dB

· Reliability threshold = 0.25 (relative to the expected received amplitude of TPC commands)

· Tx power is always increased if no reliable “down” commands are received in a slot. 


[image: image3.wmf] 

PCER = 0.04

 

PCER = 0.20

 

PCER = 0.25

 

PCER = 0.30

 


Figure 3: UL SIR after selection combining from 3 Node Bs; relative reliability threshold = 0.25
Note 1: The minimum power limit of the UE was not considered in these simulations
Note 2: The black curve for PCER = 30% can just be observed on the left of the graph
It can be seen that for PCERs of 20% and higher, the UL transmit power becomes very unstable and may fall very fast. Of course, the UE should switch off its transmitter in the event of “out-of-synchronisation” occurring, but the out-of-synchronisation mechanism is supposed to be a controlled procedure and not one which arbitrarily arises from instability. Also, the out-of-synchronisation mechanism should not be triggered until the PCER reaches 30%, whereas Figure 3 clearly shows that the behaviour becomes extremely undesirable at much lower PCERs.   This reason for this behaviour can be understood as follows:

If the received uplink SIR at all the Node Bs in the active set is below their SIR targets, such that all Node Bs in the active set transmit “up” commands, a high level of noise on the TPC commands will result in a high probability that at least one of the “up” commands will be received as a reliable “down” command, especially if the magnitude of the UE’s reliability threshold is low. Consequently, the UE will continue to reduce its uplink transmit power, even though all the Node Bs in the active set are requesting a power increase. This occurs in spite of using the “extreme case” described above, of the UE increasing power in every slot unless a reliable “down” command is received. 

The problem becomes worse the more Node Bs are in the active set, as the probability of at least one command being interpreted as a reliable “down” increases. Thus, contrary to what one might expect, the probability of dropped calls in SHO can actually increase as the active set size increases.

It seems important to initiate further investigation and discussion on this issue, to determine what corrections, if any, should be applied to the specifications to remedy this undesirable behaviour. Similar concerns have also been raised in RAN WG4 [1].

Some possible solutions

The relative amplitude of the reliability threshold can have a significant impact on the performance. Figure 4 shows the same conditions as Figure 3 but with a relative reliability threshold amplitude of 0.7. The result of using a higher reliability threshold is to consider fewer commands to be reliable, with the result that fewer downwards power changes are made.
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Figure 4: UL SIR after selection combining from 3 Node Bs; relative reliability threshold = 0.7

Similar results are obtained when considering the UL Eb/N0 required for a target BER in SHO, as in Figure 5. 
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Figure 5: Required received UL Eb/N0 

The behaviour leading to both of the curves in Figure 5 complies with the current specifications for TPC command combining in SHO. However, it is clear that the exact method is critical to achieving acceptable performance. 

Further, although a high reliability threshold magnitude is necessary when the PCER is high, the use of a high reliability threshold at all times degrades performance when the TPC error rate is low [2]. One simple way of comparing performance is to examine the standard deviation of the UL SIR after selection combining between the Node Bs in the active set. Results for a range of reliability threshold positions and PCERs are shown in Figure 6. 
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Figure 6: Variation in SIR standard deviation with PCER for a range of reliability threshold positions. UE speed = 3km/h, 3 Node Bs in active set

It can be seen that a low reliabilty threshold is better in good conditions (low PCER), while a high reliability threshold is necessary in high PCER conditions. The reliability threshold could therefore be adjusted dynamically.

A similar effect may be achieved by normalising the received TPC commands by the received SIR or noise power prior to assessing their reliability against a fixed reliability threshold. This is implied in [2] but has not been included in TS25.214.

Another alternative could be to require the UE to adjust the reliability threshold depending on the number of Node Bs in the active set. For example, if the UE raised the threshold of reliability as more Node Bs were added to the active set it would prevent the undesirable situation of more dropped calls occurring as the active set size increased. 

One interpretation of the current specifications could be that this kind of adjusting of the reliability threshold or normalising by the noise power can be included in the γ function. However, in this case it would seem desirable to apply some tighter restrictions on the permissible output of the γ function to ensure that the undesirable behaviour shown in Figure 3 above does not occur. 

3.  Conclusions

Two potential problem issues have been identified with the current specifications for combining TPC commands in SHO when Algorithm 1 is operational:

1. The value of the power offset PO2 which is applied to the TPC commands transmitted to the UE is not currently signalled to the UE. If it were, it would help the UE to decide whether TPC commands are reliable. 

2. The currently-specified combining method does not prevent unstable behaviour when the PCER is high. Furthermore, increasing the number of Node Bs in the active set can actually increase the probability of calls being dropped. 

We suggest that these issues should be further investigated, and invite discussion on possible solutions.

We also propose sending a LS to RAN WG4, indicating that RAN WG1 has identified these issues with the current specifications and is investigating them, and will keep RAN WG4 informed of any actions which it considers necessary to address the problems.
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