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1. Introduction

In RAN1#66bis meeting, handling of low reception quality of F-PCICH was discussed and on some options:
· The F-PCICH is only transmitted from the serving radio link

· UE behaviour when PCI is unreliable: hold last used precoding weights or fixed weights{10}
· Consider until RAN1#67 whether the PCI reliability measurement window is configurable and what value(s) should be used. 

This contribution discusses the further considerations on the handling of low F-PCICH reception quality.
2. Discussion
2.1 General Description
PCI weights are applied by the UE in CLTD activation state 1. As discussed in RAN1#66 and RAN1#66bis, F-PCICH quality cannot be guaranteed when the UE is in SHO and the F-PCICH from the serving RL may experience low reception quality at the UE. When PCI quality is low, the UE will wrongly decode the received PCI and will apply random PCI weights. As a result, the Node B will experience faster fading effect and the beams from the UE will be directed to other cells, generating more interference [1]
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[2]. It is necessary for the UE to measure the PCI quality and avoid applying random PCI weights when PCI quality is low. Since such low F-PCICH reception quality problem only happens when the UE is in SHO, we propose:
Proposal 1: The UE should measure the F-PCICH quality when the UE is in SHO in the downlink.
2.2 Measurement of the F-PCICH Quality
The F-PCICH quality measurement can refer to the in-sync reporting behaviour and out-of-sync reporting behaviour, which are based on the DPCCH quality measurement or the TPC field of the F-DPCH quality measurement [3]
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[4]. Accordingly, 3 parameters are set for the quality measurement: quality reporting frequency, threshold, and measurement window length.
· F-PCICH quality reporting frequency
Similar to the in-sync/out-of-sync behaviour, the UE can report the F-PCICH quality every radio frame, and we do not think it is necessary to report F-PCICH quality every TTI. We propose:
Proposal 2: The UE should every radio frame check the PCI quality when the UE is in SHO.
· PCI measurement threshold Qpci
The threshold Qpci should correspond to a level of PCI quality where no reliable detection of the PCI can be made. This can be at a PCI error ratio level of e.g. 1%. Note that this is slightly different from the in-sync/out-of-sync, where 2 thresholds are used. The TPC quality measurement determines the transition of in-sync and out-of-sync, which consumes lots of overhead. Therefore, frequent transition is not desired and using 2 different thresholds can alleviate this issue. For the UL CLTD, however, PCI quality is related to use different PCIs, and there is no such overhead for doing this. As a result, we do not see the necessity to use 2 thresholds. We propose:
Proposal 3: The UE sets a threshold Qpci for the PCI quality measurement. Qpci should correspond to a level of PCI quality at a desired PCI error ratio level e.g. 1%, which can be defined implicitly by RAN 4 tests.

· Measurement window length
The measurement window length should not be too long. If the measurement window length is too long, the UE may be too late to report a low quality PCI or a high quality PCI. As shown in Figure 1, the PCI quality within period t1 is reported to be high, but actually the PCIs there are decoded incorrectly. Similarly, the PCI quality within period t2 is reported to be low, but actually the PCIs there are decoded correctly. Long t1 and t2 will result in performance degradation, so the measurement window length should not be too long. On the other hand, the measurement window length should be sufficiently long enough to avoid the PCI quality indication changing too frequently due to fading. Balancing the above considerations, we suggest the measurement window length to be 160ms or 240 slots, following the in-sync/out-of-sync parameters.
Proposal 4: The F-PCICH quality is based on the measurement result from the previous [160]ms or [240] slots.
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Figure 1 Reporting F-PCICH quality at the UE
· Last used PCI vs. fixed PCI
The main purpose of holding PCI weight when PCI quality is low is to avoid UE applying random PCIs. Either holding the PCI weight to the last used PCI or a fixed PCI can fulfil this requirement. However, we prefer using a fixed PCI in 2 aspects. 

1. From Figure 1, we can see that the last used PCI is actually decoded incorrectly, and there is no advantage to use the last used PCI over a fixed PCI.

2. On the network side, the Node B can implicitly notice whether the downlink PCI quality is low by using a fixed PCI, which is a pre-determined PCI weight. Since both Node B and UE have this prior information, the Node B can make use of it. When the Node B is aware of the low F-PCICH reception quality, further operations such as raising the power offset of F-PCICH can be performed to alleviate the low F-PCICH reception quality problem. The fixed PCI weight can be set to the one used for UL CLTD synchronization:
-
Until the F-PCICH quality threshold is achieved, the UE uses a fixed specified precoder {10}.
We propose to use {10} as the fixed PCI applied by UE when PCI quality is low.
Proposal 5: The UE will hold the PCI weight to {10} when the UE reports a low F-PCICH reception quality.
2.3 Network Behaviour
In order to reduce the probability of low F-PCICH reception quality, we suggest the Node B raising the F-PCICH power offset when the UE is in SHO. The serving Node B can either be informed by the RNC that there are RLs configured for the UE with other Node Bs, or, the serving Node B has the knowledge that there are multiple RLs configured for the UE with itself.
3. Conclusion
This contribution discussed the further considerations on handling of low F-PCICH reception quality.
Proposal 1: The UE should measure the F-PCICH quality when the UE is in SHO in the downlink.
Proposal 2: The UE should every radio frame check the PCI quality when the UE is in SHO.
Proposal 3: The UE sets a threshold Qpci for the PCI quality measurement. Qpci should correspond to a level of PCI quality at a desired PCI error ratio level e.g. 1%, which can be defined implicitly by RAN 4 tests.
Proposal 4: The F-PCICH quality is based on the measurement result from the previous [160]ms or [240] slots.
Proposal 5: The UE will hold the PCI weight to {10} when the UE reports a low F-PCICH reception quality.
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