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1 Introduction
At the last RAN1 meeting in Barcelona, a significant number of agreements were made for UL CLTD.  Many aspects for the feedback requirements, feedback channel design, and S-DPCCH channel design were discussed and agreed (see [1]).  One aspect that so far has received little attention is the initial synchronisation procedure.
In [2], synchronisation is briefly discussed and a number of proposals were made but not agreed at the last meeting.  In this contribution, we provide some analysis of the radio synchronisation procedure aspects in the context of UL CLTD.
2 Discussion
At a high level, to initiate UL CLTD the UE as a minimum needs to know when to start transmitting the S-DPCCH and when to start applying the weights as indicated by the NodeB on the F-PCICH. 

2.1 UL CLTD operations with synchronization procedure

One possible approach as illustrated in Figure 1 is to start using UL CLTD from the start of the uplink transmission (i.e. when the downlink physical channel is considered established or immediately when physical dedicated channel establishment is initiated by the UE if post-verification is configured).  This approach is simple to implement, but does imply that for a short time before the NodeB has a reliable estimate of the channel, arbitrary weights would be signaled on the F-PCICH.
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Figure 1: Synchronization with PC preamble with UL CLTD
We also note that when the synchronization procedure A is initiated, it typically takes a certain time before uplink synchronization is achieved and power control is stabilized.  In order to not interfere with the legacy uplink synchronization implementations, it might be preferable for a UE to not initiate UL CLTD immediately upon start of uplink transmission.   
In addition, there is no significant benefit for operating in UL CLTD prior to the time when UL data transmission is started; as the coverage/data rate enhancements of UL CLTD are more pertinent to the data channels.  Thus it seems reasonable that the UE initiates UL CLTD at the time when the UE starts transmitting data (DPDCH or E-DCH).
Proposal 1:
During synchronization, the UE initiates UL CLTD at the time when starting data transmission.

2.2 Initiating UL CLTD

Upon initiation of UL CLTD, the system faces a chicken-and-egg situation: the UE needs to know which pre-coding weights to first transmit pilot (and data), but the NodeB needs to receive the pilot first to determine which weights the UE should use.  We see two different approaches of breaking this cycle, which we have labeled the conservative approach and the aggressive approach.
Conservative approach
In the conservative approach, the UE transmits the legacy channels and the S-DPCCH using a pre-determined precoding weight for a short time prior to applying the UL CLTD weights signaled by the NodeB on the F-PCICH.  This allows the NodeB to properly estimate the true channel before sending F-PCICH.  

One special case of pre-determined precoding weights consists of the 
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 precoding vectors; applying these precoding vectors (which are not in the regular precoding codebook) correspond in effect to the UE transmitting the legacy channels on the first antenna and the S-DPCCH on the secondary antenna (e.g. this is similar to configuration #2  in [3]). 
Figure 1 illustrates the conservative approach for the case where a power control (PC) preamble is configured, and Figure 2 illustrates the conservative approach for the case where no power control (PC) preamble is configured.  In both cases the S-DPCCH is transmitted before the UE begins to apply the pre-coding weights signaled by the NodeB on the F-PCICH, giving sufficient time for the NodeB to estimate the true channel for determining the appropriate weights.
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Figure 2: Conservative approach with PC preamble
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Figure 3: Conservative approach with no PC preamble configured
We also note that in practice the NodeB needs a few slots of S-DPCCH to estimate the true channel and determine the weights; but this period may also be longer.  There are two options for when the transmission of the S-DPCCH begins:

1. The S-DPCCH is transmitted by the UE a short number of subframes before the UE applies the weights as signaled by the NodeB on the F-PCICH.  This option is illustrated in Figure 1 and Figure 2 where the S-DPCCH transmission is shown to begin in the frame prior to the moment the UE starts applying the weights as signaled by the NodeB on the F-PCICH.
2. The S-DPCCH is transmitted from the start of the uplink DPCCH transmission (shown by the greyed S-DPCCH frames in Figure 1).  For the case where a PC preamble is configured, we note that there does not seem to be any measurable benefits in not transmitting the S-DPCCH during the PC preamble, and it seems simpler to transmit both pilots simultaneously.
We note that the conservative approach as described above is different depending on the length of the PC preamble (as shown by Figure 1 and Figure 2).  Since it would be desirable to have a common procedure for all cases of PC preamble configurations, an alternate approach is proposed.  
Figure 3 shows the alternate conservative approach with PC preamble configured – the approach is the same if no PC preamble is present.  The main difference with the conservative approach with PC preamble configured in Figure 1 is that in this alternate approach the moment where the UE applies the weights as signaled by the NodeB on the F-PCICH is delayed by a certain preconfigured amount of time.  
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Figure 4: Alternate conservative approach with PC preamble configured

Aggressive approach

In the more aggressive approach the UE starts using UL CLTD immediately, using a weight signaled by the NodeB on the F-PCICH.  The initial weights are determined arbitrarily by the NodeB (as it has not yet received the S-DPCCH).  Once the NodeB has acquired a sufficiently reliable channel estimate it signals non-arbitrary weights, a step that is transparent to the UE.  
Figure 3 and Figure 4 illustrates the aggressive approach for the case where a PC preamble is configured and no PC preamble is configured, respectively.
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Figure 5: Aggressive approach with PC preamble configured
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Figure 6: Aggressive approach with no PC preamble configured

The fundamental difference between the conservative and aggressive approaches is the transmission of the S-DPCCH prior to the application of the uplink weights in the conservative approach, which allows channel estimation at the NodeB prior to signaling the weights on the F-PCICH.  While in the aggressive approach the weights are applied immediately which may appear as requiring a shorter latency, we note that the conservative approach does not require significant more time.  

As a general guiding principle during initialization, it is preferable that the UE follows a precise and known procedure.  We thus favor the conservative approach in Figure 3, and propose the following:
Proposal 2: 
Agree on the conservative approach to synchronization.

Since there is no means to determine the optimal precoding weights from the codebook before the NodeB has a good estimate of the channel, we propose to transmit the legacy channels on the primary antenna and the S-DPCCH on the secondary antenna during the period where the UE is not applying the weights as signaled by the NodeB on the F-PCICH (configuration #2 in [3]):

Proposal 3:
For the period of time where the UE is not applying the weights as signaled by the NodeB on the F-PCICH, the UE transmits the legacy channels on the primary antenna and the S-DPCCH on the secondary antenna.
2.3 F-PCICH reliability control
In the case where an F-DPCH is configured, the TPC commands for the downlink are generated at the UE based on the serving NodeB F-DPCH only, and likewise radio-link monitoring is based only on the F-DPCH from the serving NodeB.  Since the serving NodeB also generates the weights for UL CLTD, the quality of the F-PCICH can thus be indirectly controlled and monitored by the serving NodeB via the inner loop power control.  

However when the UE is only configured on the downlink with a DCH with no HSDPA, then the downlink power control is based on the aggregate of all cells in the UE active set [5].  Further, as noted in [4], the UE derives the synchronization status in radio link monitoring based on the aggregate DPCCH signal.  In that case, it becomes difficult for the network to control the F-PCICH power and determine whether or not the UE is receiving the F-PCICH reliably.  
For these reasons, when the UE is configured without HSDPA, it is argued in [4] that it is desirable to provide a mechanism ensuring reliable F-PCICH reception.  Here we describe 3 approaches that could be used to monitor the quality of the F-PCICH:
1) Second power control loop

A first approach to maintain F-PCICH reliability of course could be to have a second power control loop for the F-PCICH alone.  This approach is unattractive as it would only be beneficial in soft handover and requires an additional TPC-like information bit on the uplink.

2) NodeB-based
In this approach, the NodeB determines whether or not the F-PCICH is received reliably by the UE.  This approach can be carried out for example by having the UE transmits the PCI weight index on the empty field in the S-DPCCH; the NodeB could then compare with the value it sets to determine the F-PCICH error rate.  In another more complex example not requiring the PCI weight index to be transmitted on the uplink, the NodeB could monitor the changes in the channel estimate when PCI updates are transmitted.  
This approach allows the NodeB to determine (statistically at least) when the weights that it signaled on the downlink are not being applied on the uplink, it may also allow the NodeB to determine when the channel is changing too fast for UL CLTD.

One drawback of this approach is that the UE is unaware when the F-PCICH is unreliable and would still transmit on the UL with random pre-coding weights until either the reliability of the F-PCICH is restored or the UE is reconfigured by the network.  In either case, the UE is potentially causing unpredictable interference on the uplink leading to an undesirable situation.  However we note that the impact of this interference would be in practice mitigated by the power control mechanism, and this even if interference spills into neighboring cells.
3) UE F-PCICH quality monitoring
In this approach, the UE monitors the quality of the F-PCICH directly.  The UE reports to the network when the quality falls below a threshold (see e.g. [4]).  This approach is similar to the radio-link monitoring for the F-DPCH.  We note that such mechanism is not suitable to maintain the F-PCICH quality at a certain target but rather to detect when the quality drops below an acceptable level.  
For robustness to estimation errors, similar to the F-DPCH, the quality of the F-PCICH would need to be below the target for some period of time before it is declared unreliable by the UE.  A specific threshold value and a time duration to go in and out of that unreliable state would need to be appropriately defined and/or configured.  It has been proposed that when the UE detects that the F-PCICH is unreliable, the UE keeps using the precoding weights used last when F-PCICH was deemed reliable [4] .  
While this approach adds some complexity at the UE, it appears to be the only reasonable approach to monitor the quality of the F-PCICH that ensures predictable UE behavior.  We further note that similar to the case of the downlink DPCCH and F-DPCH, the UE PHY should only report a loss of reliability to higher layers after the first phase of the downlink synchronization has completed.  We thus propose (similar to [4]):
Proposal 4: 
After first phase of downlink synchronization is completed, UE monitors F-PCICH quality.  
Proposal 5: 
When the UE determines that the F-PCICH quality is not acceptable (based on its configured criteria) the UE holds precoding weights received from the last reliable F-PCICH. 

It was also proposed in [4] that the UE inform the NodeB of the loss of F-PCICH reliability.  It was proposed to signal the F-PCICH reliability state using the TPC field of the S-DPCCH (slot format 1).  We note that the S-DPCCH is not power controlled and thus unreliable.  The F-PCICH reliability indication would thus likely need to be transmitted over several slots before the NodeB can make a reliable decision.  Other options to carry the F-PCICH reliability indication could be to carry it on the uplink DPCCH.  This approach would likely require sending the DPCCH with less pilot bits and introducing a new slot format for the DPCCH.  

We also note that if we let the UE hold the precoding weights when reliability is lost, then the NodeB could detect such behavior by comparing the expected change in the channel estimate with the measured outcome.  This approach could be further enhanced by the UE transmitting its PCI on the uplink, for example on the S-DPCCH.  This approach could also potentially have the benefit of informing non-serving NodeBs as to what the UE PCI is, which will aid the non-serving NodeBs to demodulate the UL CLTD pre-coded transmission.

Proposal 6: 
UE transmits its PCI weights on the S-DPCCH in place of the TPC field in the DPCCH slot format 1.
Once the NodeB detects that the F-PCICH is unreliable the network has various options to resolve the situation:

· The NodeB can increase the F-PCICH power;
· The network could also deactivate UL CLTD.
· For the case where the UE has HSDPA configured, the NodeB can send an HS-SCCH order to deactivate UL CLTD.
· For the case where the UE does not have HSDPA configured, the NodeB cannot send an HS-SCCH order.  Thus the NodeB may also indicate to the RNC that the F-PCICH is not reliable at which point the RNC may change the serving NodeB or disable UL CLTD.  
We observe that for the case where the UE does not have HSDPA configured disabling the UL CLTD or changing the serving cell via the RNC may have significant latency.  One possible way to reduce the latency would be for the UE to send an RRC message directly to the RNC to indicate F-PCICH reliability loss, potentially carrying mobility measurements to help the RNC make an appropriate decision.
Proposal 7: 
Upon detection of F-PCICH loss of reliability, the UE transmits an RRC to RNC indicating the loss of F-PCICH reliability.
The RRC message could also be a MEASUREMENT REPORT containing additional measurements further helping the RNC in making appropriate decisions with respect to UL CLTD.
3 Conclusion

In this contribution we have studied the synchronization procedure and downlink control reliability in view of the introduction of UL CLTD and we propose the following:
Proposal 1:
During synchronization, the UE initiates UL CLTD at the time when starting data transmission.

Proposal 2: 
Agree on the conservative approach to synchronization.

Proposal 3:
For the period of time where the UE is not applying the weights as signaled by the NodeB on the F-PCICH, the UE transmits the legacy channels on the primary antenna and the S-DPCCH on the secondary antenna.

Proposal 4: 
After first phase of downlink synchronization is completed, UE monitors F-PCICH quality.  

Proposal 5: 
When the UE determines that the F-PCICH quality is not acceptable (based on its configured criteria) the UE holds precoding weights received from the last reliable F-PCICH. 

Proposal 6: 
UE transmits its PCI weights on the S-DPCCH in place of the TPC field in the DPCCH slot format 1.

Proposal 7: 
Upon detection of F-PCICH loss of reliability, the UE transmits an RRC to RNC indicating the loss of F-PCICH reliability.
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