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1 Introduction
During RAN1#63bis several decisions and working assumptions related to uplink closed loop transmit diversity were agreed. It was furthermore agreed that a set of topics should be given more attention at RAN1#64. One of these topics was related to on which physical feedback channel that the pre-coding information (PCI) should be sent. 

2 Physical feedback channel for PCI
During RAN1#63bis there were initial discussions regarding how the PCI should be signalled from the network to the UE. As working assumption it was agreed that the PCI should be signalled from the serving Node-B only. With respect to the physical channel that should be used to signal the information two main alternatives could be identified: 

· Re-use the F-DPCH channel or 
· Introduce a new physical channel (E-PCICH). 
In the following these options discussed.

2.1 Re-use Fractional DPCH
The first of the two main alternatives is based on that the 1xSF256 F-DPCH is reused for signalling PCI information. For this channel 10 QPSK symbols are transmitted in each slot and by allocating different symbols to different UEs a total of 10 parallel UEs can be supported.
In the description below we use the term F-DPCH resource for referring to one QPSK symbol transmitted in each slot (i.e. currently each UE consumes one F-DPCH resource).
2.1.1 Alternative 1: Time-multiplex PCI and TPC onto one F-DPCH resource
One option that has been discussed for F-DPCH based signalling solutions is to time-multiplex TPC/PCI commands onto one F-DPCH resource. This could either be achieved by dividing the available F-DPCH slots (symbols) between TPC and PCI commands (we refer to this option as alternative 1a and it is illustrated in Figure 1) or by jointly encode the TPC/PCI information onto one QPSK symbol (this way each QPSK symbol could carry a 1-bit TPC command and 1-bit PCI command). We will refer to this as alternative 1b and it is illustrated in Figure 2.
The main advantage for alternative 1a is that it neither consumes more resources nor requires that additional downlink power is allocated. The obvious drawback is however that the TPC rate will reduce (since certain symbols needs to carry PCI information). In theory this will reduce the gains that can be achieved from CLTD in channels that vary fast. It should however be stressed that the gains from CLTD anyway is likely to be very small in channels with a short coherence time.
 
Another, perhaps more severe, problem with this approach is that it will require that existing synchronization and TPC combining procedures for UEs in soft handover are revisited. This is further discussed in section 2.1.3.
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Figure 1: Illustration of alternative 1a in which some slots of the F-DPCH are allocated to transmissions of TPC and some slots are illustrated to transmissions of PCI.
The other option would be to let each QPSK symbol carry information related to both the TPC and PCI information (This is here referred to as alternative 1b and it is illustrated in Figure 2). This approach allows that both the TPC and the PCI is updated with 1500 Hz. However, it is in our view associated with the following drawbacks:
· Additional power needs to be allocated to F-DPCH transmissions (since more information is conveyed in each symbol)

· The TPC combining procedures for UEs in soft handover would need to be modified (since non-serving Node-Bs only would transmit a TPC commands in one QPSK symbol). As serving and non-serving Node-Bs furthermore would use different formats for the TPC commands existing RAN4 requirements describing which legs a UE in SHO may have to be re-evaluated.
· The synchronization procedures may have to be updated. This is further discussed in section 2.1.3.
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Figure 2: Illustration of alternative 1b in which each QPSK symbol carries 1 bit of TPC information and 1 bit of PCI information. Notice that this approach will require that additional power is allocated to the F-DPCH (as compared to alternative 1a). 
2.1.2 Alternative 2: Use multiple F-DPCH resources 
The second overall alternative if F-DPCH is used for the PCI feedback would be to allocate additional F-DPCH resources to a particular UE. Two possibilities are illustrated in Figure 3 and Figure 4. As for alternative 1b both these alternatives supports a TPC and PCI update rate of 1500 Hz. Unlike alternative 1a and alternative 1b however they support that the existing synchronization procedures are reused (see further discussion in section 2.1.3). Thus, they are significantly simpler form an implementation and specification point of view. The main drawback associated with the approaches is that additional F-DPCH resources will be consumed for UEs configured with CLTD. How significant this resource consumption is depends on how frequently it should be possible to update the PCI. 
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Figure 3: Illustration of alternative 2 in which multiple symbols within one F-DPCH slot is allocated to a single UE.
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Figure 4: Illustration on how the TPC and pre-coding vector information could be transmitted to the UE. Note that depending on the codebook size the UE may have to combine the pre-coding vector feedback information of multiple slots in order to determine the signaled pre-coding vector.

2.1.3 Impact on synchronization for F-DPCH based solutions

As noted above, signalling solutions where a single F-DPCH resource is shared for both TPC and PCI (i.e. alternative 1a and alternative 1b) will require that the synchronization procedures are re-visited. More concretely, for these solutions it would be necessary to specify 

· How the UE should evaluate the F-DPCH quality (downlink synchronization status). One option would be to only base on slots containing TPC commands (for alternative 1a). This would however increase the time required to achieve synchronization as well as the time duration until the UE stops transmitting if it has lost downlink synchronization.
· What criteria the UE should use for deciding when it should start to interpreted certain commands for an F-DPCH resource as PCI information. One approach here would be to assume a static allocation while another would be to dynamically switch F-DPCH format.

· How the UE should behave when the quality of the F-DPCH slots (symbols) carrying PCI information becomes inferior and how this would interact with the existing power control procedures.
One way to avoid the problems mentioned above would be to allocate multiple F-DPCH resources to CLTD UEs. If RAN1 decides to use F-DPCH as feedback channel we are leaning towards such an option. 
This approach would enable that existing procedures based on F-DPCH can be reused (and simply based on the F-DPCH resource used for TPC commands). Moreover, no need needs to be taken with respect to the interaction with CPC (assuming that the F-DPCH(s) have the same timing if multiple channelization are used for one UE).
2.2 Introduce a new physical channel

The other main alternative proposed at RAN1#63bis would be to introduce a new physical channel for the purpose of signalling PCI. In [5][6] it was proposed that the structure of the new feedback channel (E-PCICH) would be based on E-HICH/E-RGCH structure. I.e. 

· It would be transmitted using a spreading factor 128.

· Users utilizing the same channelization code could be separated via 40 signature sequences [2].

At this point in time it is in our view unclear whether this approach is possible due to the following reasons:

· If it should be possible to send new PCI commands each slot on E-PCICH it is not possible to do any signature hopping. This will result reduce the quality associated with this approach (as compared to E-HICH).

· It is not obvious if and how the quality E-PCICH could be controlled. Unlike the F-DPCH E-RGCH/E-HICH are not power controlled by the UE. This means that it may be hard to power control on E-PCICH; especially if the UE is in SHO and it is power controlled by the non-serving (so that the serving Node-B cannot detect/decode uplink transmissions). Obviously, one solution is to transmit E-PCICH with a fixed, high transmit power. However, this will both results in more downlink interference and an inefficient usage of the available downlink resources.
· For each signature sequence a maximum of one information bit can be transmitted in each slot. Thus it is not obvious if and how the E-PCICH would support that the pre-coding vector is updated in each slot.
3 Discussion

Previous sections described the different alternatives for signalling the PCI feedback. In this section we analyze and compare a subset of the alternatives. The following alternatives are considered:

· Allocate multiple symbols to one UE (alternative 2 and alternative 3).

· Introduce an E-PCICH solution based on SF128. 
The key characteristics are shown in Table 1.

For both F-DPCH and E-PCICH a TPC update rate of 1500 Hz can be supported. Also the maximum possible PCI feedback rate is 1500 Hz. Here it should however be noted that the F-DPCH based solution allow that 2 feedback information bit are transmitted each slot whereas E-PCICH only allow that 1 feedback bit is transmitted. On the other hand, each UE will consume 1/10 of a SF256 channel if an F-DPCH is used whereas the UE consumes 1/40 of a SF128. Thus the code consumption related to E-PCICH is slightly smaller. On the other hand since 2 information bits per slot is available per slot with the F-DPCH based solution it may not be necessary to transmit feedback as often as when the E-PCICH solution is used. One key difference between the two different options in our view is that the F-DPCH is power controlled with respect to the serving Node-B. This results that the quality of PCI feedback command can be controlled. However, if the E-PCICH is used for feedback transmission it is not clear whether the link quality can be controlled. Especially, it is not clear how the quality of E-PCICH can be controlled for UEs in SHO.
Table 1: Key characteristics of E-PCICH and F-DPCH based solutions.

	
	F-DPCH 
	E-PCICH 

	TPC update frequency
	1500
	1500

	PCI update frequency
	1500
	1500

	Number of PCI bits per slot 
	2
	1

	Code consumption
	2xSF256 (1/10)
	2xSF128 (1/40)

	Error sensitivity (ideal PC), fading correlated within a slot
	Same
	Same

	SHO performance guarantees
	Yes, CL PC is available
	Unclear


4 Conclusions
This contribution has analyzed the feedback signalling options that exists for CLTD. In particular we have compared an option in which additional F-DPCH resources describing the PCI feedback command can be allocated to an individual UE with an approach where a new physical channel is introduced. Based on our analysis we propose:

Proposal 1: Confirm that the only the serving Node-B can transmit PCI feedback commands.

Proposal 2: Agree that PCI feedback is transmitted on the F-DPCH.
Proposal 3: The exact design (e.g., whether TPC/PCI are time-multiplexed, sync status of DL carrier) is FFS. 
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� To limit the PCI overhead and/or ensure that a TPC rate of 1500 Hz can be achieved in such scenarios one could consider to introduce HS-SCCH orders for activating/deactivating CLTD 


� Here we refer to transitions to from slot formats where all symbols are used for TPC commands to symbols where only part of the symbols are allocated to TPC (and the remaining symbols are allocated to PCI).


� This is because the correlation between different signature sequences is associated different correlation. In fact this is the reason for signature hopping is used for E-HICH/E-RGCH





