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1. Introduction 
In the RAN1#66bis meeting the contributors agreed on the 2 slots approach used for PCI signalling on the F-PCICH channel [1]. The current status mandates the node B to send PCI in 2 consecutive slots and leave the corresponding symbol in the 3rd slot unused. In this contribution we are proposing the specific design of F-PCICH channel aiming at the most efficient resource utilization. 

2. PCI signalling details
The problem with current agreement on the F-DPCH design is depicted in the following figure:
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Figure 1 – F-PCICH channel

As can be seen, the symbol in the third slot is left unused. It cannot be consumed for the purposes of other UE because it will require additional unused symbol in the 4th slot. The solution could be to allow the node B to allocate 2 symbols for PCI on a different code channels. The example of usefulness of such an approach is described in a following example. 
Assume a node B which uses 2 code channels for F-DPCH and F-PCICH purposes. The example of resource usage is depicted in the following figure.
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Figure 2 – Example of resource utilization
Let the gray cells be the reserved resources (either for TPC or PCI transmission) and the white cells be the free resources. Let 6 UEs be reconfigured from single antenna to CLTD mode, which implies the need to allocate additional resources for PCI signalling. If both PCI symbols has to be sent on the same code channel, than the node B can’t make use of the remaining resources, when planning the resources for new UEs, additional code channel has to be employed. Situation is depicted on the following figure.
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Figure 3 – example of resource utilization with additional ULTD UEs, when the PCI is sent on single OVSF code
The colourful cells mark the PCI fields for different UEs. Clearly the resources are not utilized in an efficient manner. If the node B is allowed to allocate PCI symbols for a given UE on different OVSF codes, then the resource utilization is much smarter, which can be seen on the following figure.
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Figure 4 – example of resource utilization with additional ULTD UEs, when the PCI is sent on two OVSF codes
In this example node B utilized the remaining resources on 2 code channels. The timing differs for different F-PCICHs, e.g. the yellow PCI symbols are present in the 1st, 3rd and 4th slot but the full PCI consists of symbols present in slots 3 and 4. The PCI symbol in first slot is a second part of previous PCI (not fully present in this example). The blue PCI symbols from slots 1 and 2 forms full PCI codeword. In this particular case all the PCIs have been sent on 2 OVSF codes but the node B shouldn’t be mandated to always use two different codes.
This approach may be perceived as more complicated for the receiver as it needs to switch form one code to another on a slot basis, but it can be the case even when the single-OVSF code approach is chosen. Simply, the F-DPCH can be sent on a different OVSF code than F-PCICH. In this respect there is no difference in complexity of both schemes.

Based on the above, we are proposing:

Proposal 1: PCI bits can be sent on 2 different code channels

3. F-PCICH Slot Format
In this section the slot format of F-PCICH is being described. In previous meetings following agreements has been made: 
RAN1#65 [2]:

· Confirm working assumption that PCI feedback is carried on F-DPCH-like channel, the F-PCICH

· SF256 channelisation code and slot format configured per UE in the same way as for F-DPCH

· The channelisation codes of F-PCICH and F-DPCH (if configured) are not constrained to be the same

· Applicable also for DCH-only case

RAN1#66 [3]:

· The working assumption from RAN1#65 that the update rate of the UE’e precoder is once per 2ms is confirmed. 

· Same update rate of UE’s precoder for CPC and non-CPC.

· F-PCICH frame timing offset: τF-PCICH,m = Tm*256, Tm({0,1,…149}.

RAN1#66bis [1]:

· Application of precoder change: 

· Slot boundary:

· Slots used for PCI:

· Configure 2 BPSK symbols by higher layers:

· the 2 symbols are in adjacent slots with the same position in the 2 slots 

· reserve the corresponding symbol in the 3rd slot

· Mapping of PCI to F-PCICH symbols:

· Maximise phase distance such that 180deg phase error only occurs if all bits are received in error. 

Taking the above into account the following frame structure, similar to F-DPCH [4] is presented.
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Figure 5 – Frame structure for F-PCICH
Regarding the F-PCICH slot format, it should be chosen from the Table 1 and used in every slot except every third slot form the 3rd slot onwards, where the slot format 10 from the Table 1 should be used. The following figure depicts the above rule.
[image: image6.emf]1st slot – slot format [0…9] 2nd slot – slot format [0…9] 3rd slot – slot format 10 4th slot – slot format [0…9]


Figure 6 – slot format usage
Table 1 – F-PCICH slot format
	Slot Format
#i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/
Slot
	NOFF1
Bits/Slot
	NPCI
Bits/Slot
	NOFF2
Bits/Slot 


	0
	2
	1
	256
	20
	2
	2
	16

	1
	2
	1
	256
	20
	4
	2
	14

	2
	2
	1
	256
	20
	6
	2
	12

	3
	2
	1
	256
	20
	8
	2
	10

	4
	2
	1
	256
	20
	10
	2
	8

	5
	2
	1
	256
	20
	12
	2
	6

	6
	2
	1
	256
	20
	14
	2
	4

	7
	2
	1
	256
	20
	16
	2
	2

	8
	2
	1
	256
	20
	18
	2
	0

	9
	2
	1
	256
	20
	0
	2
	18

	10
	0
	0
	256
	20
	0
	0
	20


The slot formats from 0 to 9 should be signalled by higher layers, similarly to F-DPCH. Slot format 10 is arbitrary in the proper slots.

This structure in conjunction with the possibility of PCI allocation on 2 separate OVSF codes doesn’t demand the reservation of one symbol in the third slot as it was agreed [1]. 

Summarizing, the following is proposed:

Proposal 2: RAN1 agree on the proposed F-PCICH design

4. Summary
In this contribution a problem of efficient resource utilization of F-PCICH channel has been described and the solution has been presented. Specific design of F-PCICH has been introduced and 2 proposals have been made:

Proposal 1: PCI bits can be sent on 2 different code channels
Proposal 2: RAN1 agree on the proposed F-PCICH design
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