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1 Introduction
At RAN#50 a work item on ULTD operation was started. At RAN1#63bis, RAN1#64, and RAN1#65 a set of design decisions related to CLTD have been agreed. Amongst others, there is an agreement that the serving Node-B decides the pre-coding vectors when the UE is configured with HSDPA [3]. Also when the UE only is configured with DCH in downlink (i.e. HSDPA is not configured and there is not any serving HS-DSCH cell) it has been agreed that the S-RNC should have the possibility to signal which one of the Node-Bs in the active set that should decide the PCI information feedback [3]. 
As long as the F-PCICH channel has a sufficient quality, CLTD will provide uplink link budget gains since it will allow the UE to direct its beam towards the Node-B controlling the feedback information. However, as the downlink quality associated with the F-PCICH channel deteriorates the PCI commands will become increasingly unreliable and in the extreme the UE will start to direct its beam in a “random” direction. This will: 

· Cause excessive amounts of interference in neighboring cells. Furthermore the variations in interference are likely to become more rapid. 
· Reduce the performance at the serving Node-B.

For those reason it may be justified to introduce RAN1 procedures that describes under which circumstances a UE configured with CLTD should update its pre-coding vector. 

This contribution discusses the UE behavior when the reception quality of the F-PCICH physical downlink channel carrying the PCI becomes inferior. It is proposed that the UE only should apply the decoded pre-coding vectors if the quality meets a certain threshold. Under situations where the downlink reception quality cannot be met it is furthermore proposed that the UE utilizes the pre-coding vector last received with a sufficient quality. Furthermore to allow the Node-B to dynamically adjust the transmit power on F-PCICH it is proposed that the UE indicates the F-PCICH quality to the Node-B by reusing the TPC bits on the S-DPCCH.

2 Physical channel downlink quality monitoring procedures
2.1 Downlink synchronisation primitives and out of synch behaviour

The criteria for reporting the synchronization status is divided into two phases. 
2.1.1 Phase I UE behaviour

The first phase starts when higher layers indicate physical channel establishment or whenever the UE initiates synchronisation procedure A or AA and it last until 160 ms after the downlink dedicated channel is considered established by higher layers. During this phase out-of-sync primitives are not reported and in-sync primitives are reported if the UE estimates the DPCCH quality or the quality of the TPC field of the F-DPCH frame received from the associated serving HS-DSCH cell over the previous 40 ms period to be better than a threshold Qin. (The criterion shall not be considered fulfilled until 40 ms of DPCCH quality measures have been collected).

2.1.2 Phase II UE behaviour

The second phase starts 160 ms after downlink dedicated channel is considered established by higher layers. During this time-period both out-of-sync and in-sync are reported. 
2.1.2.1 Out-of-sync reporting

More specifically, out-of-sync is reported if any of the following criteria is fulfilled:

· UL_DTX_Active is FALSE and the UE estimates the DPCCH quality or the quality of the TPC fields of the F-DPCH frame received from the associated serving HS-DSCH cell over the previous 240 slots in which TPC symbols are known to be present to be worse than a threshold Qout.
· UL_DTX_Active is TRUE and the UE estimates the quality of the TPC fields of the F-DPCH from the associated serving HS-DSCH cell over the previous 240 slots in which TPC symbols are known to the be present to be worse than threshold Qout. 
· The 20 most recently received transport blocks with a non-zero CRC attached, as observed on all TrCH using non-zero length CRC mapped to the DPDCH, have been received with incorrect CRC. In addition, over the previous 160 ms, all transport blocks with a non-zero length CRC attached have been received with incorrect CRC. 

2.1.2.2 In-sync reporting

For a DPCH in-sync is reported if both of the following criteria are fulfilled:

· The UE estimates the DPCCH quality of the previous 160 ms to be better than a threshold Qin. 

· At least one transport block with a non-zero length CRC attached, as observed on all TrCHs using non-zero length CRC mapped to the DPDCH is received in a TTI ending in the current frame with correct CRC.
 

For an F-DPCH, in-sync shall be reported using the CPHY-Sync-IND primitive if any of the following criteria is fulfilled:
· UL_DTX_Active is FALSE (see section 6C) and the UE estimates the quality of the TPC fields of the F-DPCH frame received from the associated serving HS-DSCH cell (or secondary serving HS-DSCH cell) over the previous 160 ms period to be better than a threshold Qin.
· UL_DTX_Active is TRUE (see section 6C) and the UE estimates the quality of the TPC fields of the F-DPCH from the associated serving HS-DSCH cell (or secondary serving HS-DSCH cell) over the previous 240 slots in which the TPC symbols are known to be present to be better than a threshold Qin.
2.1.3 Observations

From the text above it is evident that:
· When the UE is configured with an F-DPCH the downlink transmit power control (TPC) is based on the F-DPCH quality sent from the serving HS-DSCH cell. This means that quality of physical channels transmitted from the serving Node-B can be controlled by the inner power control loop.
· When the UE is not configured with an F-DPCH then the UE measures the DPCCH quality from all Node-Bs in the active set. Thus, if a UE is configured in soft handover (SHO) the downlink reception quality can only be controlled with the power control for the physical channels that are transmitted from the cell that is currently power controlling the UE. This means that the power control loop does not ensure adequate quality of the DPCCH transmitted from all Node-Bs. 
For UEs configured with HSDPA (for which the HS-DPCCH is only received at the serving Node-B) it may further be possible rely on the CQI information for determining the transmit power associated with the physical channel used to carry the pre-coding weight information. However, for the case where HSDPA is not configured and the S-RNC decides one of the Node-B in the active set that controls the generation of the pre-coding vectors (as proposed in [2]) it may be difficult for the Node-B to ensure that the reception quality at the UE of the F-PCICH.

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.

Assuming that RAN1 agrees on proposal 1 two relevant questions becomes:
· When should the UE stop and start listening to the PCI commands?

· What is the desired UE behaviour when the UE detects inferior PCI quality?

With respect to the first question we see two possible options:

· The UE monitors the quality of the F-DPCH and/or downlink DPCCH quality associated with the cell wherefrom the pre-coding weight information are transmitted. 

· The UE monitors the quality of the F-PCICH. 

Our preference would be 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. 

Turning to the second question there are at least two possible UE behaviours when the PCI feedback channel quality becomes inferior. Namely
· Always revert back to single antenna transmissions, or

· Keep the last received pre-coding vector (prior to the detecting too low quality). 

Although, we do not have a very strong view our preference would be that the UE keeps applying the last PCI command that it received with sufficient downlink quality. 
Proposal 3: In time-periods during which PCI feedback channel has an inferior quality the UE does not update its pre-coding vector. 

A final issue that needs to be addressed is the fact that the UE and the Node-B can have a different view regarding the applied pre-coding vector (even if the timing would be well-defined). Clearly this situation is increasingly likely to occur when the quality of the F-PCICH becomes inferior. More specifically, when the Node-B that controls the PCI generation relies on channel synthesis and it keeps a running estimate of the “raw” channel H it needs to apply the complex-conjugate of the pre-coding weight applied by the UE to undo the pre-coding. Even if channel synthetisation is not used for the demodulation pilots it is necessary for the serving Node-B to be aware of the applied pre-coding vector when the channel sounding is performed.
To allow the Node-B to control the transmit power used on F-PCICH it needs to be possible for the to UE signal that quality of the F-PCICH is inferior – especially if the UE stops applying the PCI commands sent by the Node-B under certain conditions. To address this issue one can:
· Introduce the possibility for the UE to inform the Node-B about the pre-coding vector that it has applied in a given slot or sub-frame. This information could potentially be signalled by reusing the TPC bits of the S-DPCCH.

· Introduce the possibility for the UE to inform the Node-B that it currently is experiencing a too low PCI feedback quality. Also this could be achieved by reusing the TPC bits of the S-DPCCH.
As mention in a previous contribution at RAN1#65 our preference would be the second option where the UE can inform the Node-B that determines the pre-coding weights that it currently experience inferior PCI quality. 
Proposal 4: Agree that there is a need for the UE to inform the Node-B that the downlink quality of the PCI is inferior.

To inform the Node-B the TPC bits associated with the secondary DPCCH could be reused. For example, TCP bits equal to ‘11’ could be used to indicate that F-PCICH quality is sufficient whereas TPC bits equal to ‘00’ in a similar way could be used to indicate that the F-PCICH quality is inferior. Note that since the quality of the F-PCICH will be ‘good’ the majority of the time (and since the Node-B knows which bits that the UE transmit in this case) a Node-B implementation could use the TPC bits of the S-DPCCH for channel estimation purposes. Note also that this solution could ensure the quality of F-PCICH when the UE is configured with DCH only. Without this UE indication the Node-B would need to base the transmit power used on F-PCICH on open loop measurements (or alternately allocate a very high transmit power to this physical channel). Another concern that was raised at RAN1#65 was that the quality of the information transmitted on the S-DPCCH could have poor quality, since it is transmitted on the weaker eigenbeam. While this observation is valid it should be noted that the Node-B could combine (filter) multiple indications of inferior F-PCICH quality before it increases the transmit power. In this way the quality in a given sub-frame becomes less important (unlike if you for example were to signal the used pre-coding weights).
4 Performance evaluation

This section evaluates the performance associated with CLTD as a function of PCI feedback error rate. 
4.1 Fixed TPC error rate

In this section the TPC error rate is kept constant while the PCI feedback error varies for the studied scenarios.
4.1.1 Low data rate scenario 

Figure 1 and Figure 2 illustrate the gain in received and transmit power as a function of the PCI feedback error rate. It can be observed that the performance reduces as the PCI error rate increases.
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Figure 1: Gain in received power as a function of the feedback error rate for the TBS 2020. 
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Figure 2: Gain in transmit power as a function of the feedback error rate for the TBS 2020.
4.1.2 High data rate scenario 

Figure 3 and Figure 4 illustrate the gain in received and transmit as a function of the PCI feedback error rate for TBS 16218. It can be observed that the gain from CLTD reduces significantly as the PCI error rate increases.
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Figure 3: Gain in received power as a function of the feedback error rate for the TBS 16218. 
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Figure 4: Gain in transmit power as a function of the feedback error rate for the TBS 16218.
4.2 Varying TPC error rate

In this section the TPC error rate and PCI feedback error is the same in the studied scenarios.
4.2.1 Low data rate scenario
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Figure 5: Gain in received power as a function of the feedback error rate for the TBS 2020.
[image: image6.png]gain versus no TxD [dB]

P3 TBS2020 Tx

—— phass ¢

0.8 L L
0 002 004 005 008 01 042 044 016 018 0.2
Feedback bit error rate (TP and PCT)





Figure 6: Gain in transmit power as a function of the feedback error rate for the TBS 2020. 

4.2.2 High data rate scenario
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Figure 7: Gain in received power as a function of the feedback error rate for the TBS 16218.
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Figure 8: Gain in transmit power as a function of the feedback error rate for the TBS 16218.

5 Conclusions
This contribution has discussed the UE behaviour when the downlink quality associated with the physical channel that is used to signal the pre-coding vector becomes inferior. 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: In time-periods during which PCI feedback channel the UE does not update its pre-coding vector. 

Proposal 4: Agree that there is a need for the UE to inform the Node-B that the downlink quality of the PCI is inferior.
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� If no transport blocks are received, or no transport block has a non-zero length CRC attached in a TTI ending in the current frame and in addition over the previous 160 ms at least one transport block with a non-zero length CRC attached has been received with a correct CRC, this criterion shall be assumed to be fulfilled. If no transport blocks with a non-zero length CRC attached are received over the previous 160 ms this criterion shall also be assumed to be fulfilled. In case no TFCI is used this criterion shall not be considered for the TrCH(s) not using guided detection if they do not use a non-zero length CRC in all transport formats.





