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1 Introduction
During RAN1#66 the progress on the design of closed loop transmit diversity continued. An outcome of the meeting was a set of draft CRs that were technically endorsed. One of the issues that have not yet been concluded is whether there is a need for the UE to monitor the quality of F-PCICH. The alternative would be that the UE always update its pre-coding vector (independently of the quality). This issue has previously been discussed in both [1] and [2], which conclude that it is beneficial to have some form of quality control of the F-PCICH channel. 

During the discussions at RAN1#66 it was mentioned that it is unclear whether using random pre-coding vectors actually would cause any performance degradation (as compared to using a fixed pre-coding vector). Furthermore, it was unclear if and how the UE could measure that the PCI quality sufficiently fast to benefit from stop using the precoding commands sent by the network. The topics are further elaborated in this contribution.
2 Discussion
2.1 Impact on performance of using random pre-coding weights
This section looks at a simple to highlight the fact that it is undesirable that the UE applies random precoding vectors. To do this we consider an extreme scenario where there are not any quality requirements and where the UE, consequently, always would apply the precoding vectors that it decoded. In the worst case this could result in that the UE utilize random pre-coding vectors. 

In [1] it was argued that a scenario where a UE applies random pre-coding vectors would increase the speed associated with the effective fast fading as seen by the network (note that we here include both the effect of the radio channel and the effect of the pre-coding vectors). This is illustrated Figure 1 for a scenario where we compare the fading for a case where UE (i) applies a constant pre-coding vector and (ii) update its pre-coding vector randomly once per sub-frame. In the evaluation we assume a Rayleigh fading radio channel characterized by a UE speed of 3 kmph. From the figure it is evident that applying random pre-coding weights will result in that the effective fast fading, which the ILPC needs to combat, can change considerably faster than when a constant pre-coding vector is applied.
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Figure 1: Illustration of the fast fading (including the effect of pre-coding vector) when a constant and random pre-coding vector is applied in each sub-frame.  
This fact is further emphasized in Figure 3 where the cumulative distribution function of the difference in effective fast fading (“instantaneous channel strength”) between the first slots in two adjacent sub-frames and in sub-frames separated by an additional sub-frame. These scenarios are illustrated in Figure 2.
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Figure 2: The two studied scenarios in Figure 3.
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Figure 3: Cumulative distribution function of the difference in instantaneous effective channel strength that would need to be compensated by the ILPC. 
From Figure 3 it is clear that when the UE applies random pre-coding vectors the fading variations may be so fast so that it will not be possible for the ILPC to track the channel. This will reduce the uplink performance and based on the analysis it can be concluded that supporting scenarios where the UE is allowed to apply random weights is undesirable from a performance point of view.
2.2 Possibility to measure F-PCICH quality
Another question that was discussed during RAN1#66 was if and in such case how the UE could measure the quality of the PCI transmissions. In particular it was discussed whether it would be possible for the UE to detect that the PCI quality has deteriorated sufficiently fast (so that it would be of practical use).    

We start by noting that in [3] sub-clause 5.2.1.2.1.1 the power control behaviour of the F-DPCH is specified. The downlink inner loop power control is based on that the network signals an F-DPCH quality target (of a TPC error rate), that the UE should try to maintain. To maintain this the UE translates the TPC error rate target into a SIR target which it uses to power control for the (F-)DPCH.
In each slot, the UE then measures the total SIR across the fingers associated with the F-DPCH and compares this to the target SIR so as to decide whether it should send a “TPC UP” or “TPC DOWN” command on the DPCCH. Note that the UE, when doing this, measures SIR (TPC error rate) on a per-slot level. 

To derive the CPHY-Sync-IND primitive, which is sent to higher layers every frame the UE average the slot TPC error rate (which as mentioned could be derived from the slot SIR) over the relevant time period and computes the average. Hence we conclude that it the UE will have knowledge about the SIR (and TPC error rate) in individual slots. 

A second question was whether the UE would detect a reduced PCI quality too late to benefit from stopping to update its PCI. To our understanding this argumentation was based on two facts:
· If the UE is experiencing poor PCI quality and it stops updating its pre-coding vector it is quite likely that the UE will use a non-optimal pre-coding vector. 

· It was unclear whether the UE could detect the deterioration in PCI quality sufficiently fast to actually benefit from not updating the pre-coding vector.

With respect to the first point we have illustrated in section 2.1 that the important fact from a system point of view is that the UE does not update the pre-coding vector too frequently. The exact pre-coding vector that a UE is using is of less importance. 

With respect to the second bullet there are two motivations with having an F-PCICH quality control. First, as we showed in [1] the performance (also with respect to not applying pre-coding) may be degraded if the PCI error rate is too high. A second reason to have a PCI quality control would be to cover the case the where the UE is configured with DCH and it is in SHO.

A third, and perhaps even more important, reason to not apply the PCI commands blindly is that it would result in that the ILPC has a hard time to ensure the DPCCH quality in situations when the F-PCICH quality is low. One relevant scenario for when this might happen is when the F-DPCH quality is low. This may e.g. occur under the assumption that the F-PCICH is transmitted with a fixed power offset with respect to the (F-)DPCH. As the (F-)DPCH is used for downlink synchronization monitoring a solution without any quality control of the F-PCICH quality would for a scenario where the UE is receiving the F-DPCH with too low quality (and is in the process of going out of sync) result in that the UE starts to apply an increasing amount of erroneous pre-PCI commands. This will result in that the effective fading (i.e. the combined effect of the fast fading and the effect of the pre-vector) associated with the uplink transmissions becomes faster and the quality of the received TPC commands less reliable. In the prolonging this would result in that it is harder to recover from situations when the UE is about to go out of sync. 
3 Proposed solution

With respect to the application of the PCI signalled over F-PCICH there are two approaches that could be considered: 

· Option 1: Always have the UE apply the decoded PCI feedback command.

· Option 2: Specify that the UE only shall apply the decoded PCI information if the estimated quality meets some threshold. 

As we mentioned in the beginning of the contribution our preference would be that the UE only applies the PCI commands if the estimated quality fulfils a pre-determined condition. One motive for this behaviour would be to ensure the HS-DPCCH quality. Another reason for why the UE only should apply the PCI if the reception quality meets a certain quality would be that if the UE applies “random” pre-coding vectors this will cause larger variations in the received power at the Node-Bs in the surrounding of the UE. In addition to increasing the variations in interference at the neighbouring cells this may also adversely affect the ILPC loop and the searcher algorithms. Hence we propose:

Proposal 1: Agree that the UE only considers PCI information if the estimated reception quality meets some quality threshold.

To decide when the UE should stop updating its pre-coding vector our preference is that the UE monitors the quality of F-PCICH.

Proposal 2: To evaluate whether to account for the received PCI information the UE shall monitor the quality of the F-PCICH. 

More specifically the UE could, similarly as done for (F-)DPCH measure the SIR. The UE could measure the quality over a time-period (or alternatively a number of slots where the presence of PCI is known if CPC is configured) signalled by the RNC. The value of possible time periods used by the NodeB should be smaller than the thresholds used for out-of-synch. We believe that a range of {10, 20, 40, 80, ∞}ms would be sufficient.  

Proposal 3: Agree that the RNC can configure the time-period over which the UE is to measure the F-PCICH from the set of values {10, 20, 40, 80, ∞}ms.
When the UE measures too low F-PCICH quality our preference would be that the UE keeps the last pre-coding with which the received with sufficient quality. 

Proposal 4: In time-periods during which PCI feedback channel has an inferior quality the UE does not update its pre-coding vector.
If proposal 1 to proposal 4 is not seen as acceptable then an alternative approach would be introduce RRC signalling whereby the network can inform the UE about how frequently it is allowed to update its pre-coding weights. For example, a signalled value of 1 would allow that the UE updates its pre-coding vector each sub-frame whereas a signalled value of 5 would allow the UE to update its pre-coding vector every fifth sub-frame.

Proposal 5: If proposal 1 to proposal 4 can not be agreed introduce the possibility for the network to signal how frequently the UE is allowed to update its precoding vector. 
Note that our preference would be to agree on proposal 1 to proposal 4. 
4 Conclusions
This contribution discussed the need to monitor F-PCICH quality and only update its pre-coding vector when the estimated F-PCICH quality is sufficient high. Hence we propose:
Proposal 1: Agree that the UE only considers PCI information if the estimated reception quality meets some quality threshold.

Proposal 2: To evaluate whether to account for the received PCI information the UE shall monitor the quality of the F-PCICH.
Proposal 3: Agree that the RNC can configure the time-period over which the UE is to measure the F-PCICH from the set of values {10, 20, 40, 80, ∞}ms.
Proposal 4: In time-periods during which PCI feedback channel has an inferior quality the UE does not update its pre-coding vector.
Proposal 5: If proposal 1 to proposal 4 can not be agreed introduce the possibility for the network to signal how frequently the UE is allowed to update its precoding vector. 
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