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1. Introduction 

During the RAN1#65 meeting it was agreed that F-PCICH, the PCI feedback channel, inherits the structure from the F‑DPCH [1] with some differences affecting the specific design. Several additional agreements and working assumptions were made, affecting the structure of the PCI feedback channel, including:

· PCI update rate – 3 slots

· Codebook size – 4 entries

· F-PCICH spreading factor – 256

In this contribution, we are proposing the specific design for the F-PCICH, and a corresponding draft CR to 25.211 is submitted in [3].

2. F-PCICH Design Principles

The F-DPCH format cannot be directly reused for PCI signalling because of several differences, such as the signalling period (1 vs. 3 slots) and the number of bits per codeword (1 vs. 2). Nevertheless, certain aspects of the F-DPCH design [2] can be reused, namely:

1. PCI bits should be repetition encoded. The repetition encoding of TPC bits, prior to QPSK constellation mapping, results in using only 2 out of 4 possible QPSK constellation points ({1,1} and {-1,-1}), which increases the decision distance and enables a reuse of F-DPCH processing.
2. PCI should be sent as 2 consecutive symbols. Generally speaking, the symbols can either be sent jointly, i.e. as 2 consecutive symbols, or separately, distributed among the 3-slot period. The distributed case has the disadvantage of an increased delay between calculating the optimal PCI at the Node B and applying the corresponding phase adjustment at the UE. The estimation of the preferred weight has to be completed before sending the PCI bits, so the separation of PCI bits may increase the delay.
The figures below illustrate the delays in both cases.

[image: image1.png]e |
1)

greey [ Irrcllrrcl T |vm|m| I i i |m|m| Pior[wea[wee| mier T[]
(] ] CEIECI) e T [Ty





Figure 1 – PCI delay in the case of sending the PCI using 2 consecutive symbols.
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Figure 2 – PCI delay in the case of sending the PCI using 2 separated symbols.

In Figure 1, the delay between the last slot, based on which the PCI is being calculated, and the application of corresponding phase adjustment at the UE is equal to 3 slots, while the delay in Figure 2 is equal to 4 slots. The difference is caused by the need of earlier calculation of the PCI when the PCI symbols are separated.  

Taking the above principles into account, the design of F-PCICH is proposed in the following section.

3. F-PCICH Subframe Format

Since the PCI update rate is equal to 3 slots, it is proposed to introduce a 3-slot data structure –  the “F-PCICH subframe” – for specifying F-PCICH details.

The proposed F-PCICH subframe formats are depicted in Figure 3 and the transmitted bit pattern is shown in Table 1. Taking into account the design principles described in the previous section, there are 15 formats, corresponding to 15 exclusive locations for two consecutive SF256 symbols, as shown in Table 2.
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Figure 3 – Frame structure of F-PCICH

Table 1 – PCI bit pattern

	PCI Bit Pattern
	PCI codeword index

	0000

0011

1100

1111
	0

1

2

3


Table 2 – F-PCICH subframe format

	Subframe Format
#i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/
Subframe
	NOFF1
Bits/Subframe
	NPCI
Bits/Subframe
	NOFF2
Bits/Subframe 


	0
	2
	1
	256
	60
	4
	4
	52

	1
	2
	1
	256
	60
	8
	4
	48

	2
	2
	1
	256
	60
	12
	4
	44

	3
	2
	1
	256
	60
	16
	4
	40

	4
	2
	1
	256
	60
	20
	4
	36

	5
	2
	1
	256
	60
	24
	4
	32

	6
	2
	1
	256
	60
	28
	4
	28

	7
	2
	1
	256
	60
	32
	4
	24

	8
	2
	1
	256
	60
	36
	4
	20

	9
	2
	1
	256
	60
	40
	4
	16

	10
	2
	1
	256
	60
	44
	4
	12

	11
	2
	1
	256
	60
	48
	4
	8

	12
	2
	1
	256
	60
	52
	4
	4

	13
	2
	1
	256
	60
	56
	4
	0

	14
	2
	1
	256
	60
	0
	4
	56


The subframe format should be signalled by higher layers, similarly to F-DPCH.

4. F-PCICH Frame Offset

The 10 ms F-PCICH frame includes five 2 ms subframes. Different timing may be applied to different F-PCICHs. It is proposed that the timing offset, relative to the P-CCPCH frame timing should be a multiple of 256 chips, i.e. τF-PCICH,m = Tm*256, Tm({0,1,…149}; this is motivated by the ability to match the 256 chip UL channel timing resolution. A further discussion of the timing options can be found in the following section.
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Figure 4 – F-PCICH timing.

5. F-PCICH Frame Timing Discussion

The proposed 256 chip timing resolution, together with the 512 chip F-PCICH activity might lead to code resource management problems, especially if a single restrictive timing  rule (between PCI reception and application in the UE) would be defined in the UE. This potential problem could be resolved in a number of ways, such as:

1. Allocating two OVSF codes to F-PCICH (in general, an even of number of OVSF codes), Cch,256,k , Cch,256,n , with the code k reserved for offsets Tm({0,2,4,…148} and code n reserved for offsets Tm({1,3,5,…149}.

2. Using the F-PCICH spreading factor of 128 instead of 256 (this would require changing the RAN1 decision).

3. Not repetition coding the PCI bit pattern, i.e. using all four QPSK constellation points; this would also enable some code resource savings but may involve a minor receiver impact.

4. Defining the UE behaviour flexibly (albeit uniquely) so that the radio link can be operated with different values of τF-PCICH,m , irrespective of the DPCH or F-DPCH timing offsets DPCH,n or F-DPCH,p.

5. Restricting the allowed F-PCICH timing offset range to multiples of 512 chips, i.e. τF-PCICH,m = Tm*256, Tm({0,2,4,…148}. 

It is proposed that either the approach 4. or 5. above is adopted.

6. Summary

In this contribution, we have proposed a specific F-PCICH design. A set of design principles have been presented and the subframe formats have been proposed. According to the agreements made on RAN1#65, the proposed design is based on existing F-DPCH with the relevant adjustments. We are proposing to agree on the presented F-PCICH design.
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