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1. Introduction

At RAN1#65 meeting, simulations and discussions were given with regard to downlink PCI feedback channel schemes, named as the F-PCICH (Fractional Pre-coding Control Indication Channel) [1]-[4]. In the last meeting, it comes to the following agreements:

· 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
· Physical layer supports 3-slot update rate
· Codebook size is 4
This document presents some discussions on the F-PCICH timing scheme. At the end of this contribution, a TP for TS25.214 is presented
2. One PCI symbol per slot and timing design
In Figure 1 the schemes, in which one PCI symbol per F-PCICH slot:
· Option 1: the number of slot format type is 10, which same to F-DPCH, such as NOFF1 is {0,2,4,6,8,10,12,14,16,18}.  For example: there is {0, 0} or {1, 1} in one symbol to represent one PCI bit. No need to change current F-DPCH channel modulation and demodulation process.
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Figure 1: Option 1, the number of slot format type is 10, which same to F-DPCH.
2.1 Timing design when the pre-coding weight adjustment of each E-DCH at E-DCH slot border
As shown in Figure 2a, Option 1 can support that the minimum PCI feedback delay is 2 slots when NOFF1 is 0 or 2. As shown in Figure 2b, Option 1 can support that the minimum PCI feedback delay is 3 slots when NOFF1 is larger than 2.
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Figure 2a: PCI timing in which one PCI bit in one symbol per slot, when NOFF1 is 0 or 2 and the PCI information is 2-bit.
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Figure 2b: PCI timing in which one PCI bit in one symbol per slot, when NOFF1 is larger than 2 and the PCI information is 2-bit.

2.2 Timing design when the pre-coding weight adjustment of each E-DCH at the E-DCH subframe border

In this timing scheme, the pre-coding weight adjustment of each E-DCH is done at the E-DCH subframe border. Benefits: it facilitates the introduction of uplink MIMO. The scheme could guarantee that a 2ms TTI E-DCH is weighted by the same pre-coding matrix, since UL MIMO operation needs complete 2ms TTI data to decide the switching between single-stream block and dual-stream block.
Option 1:

As shown in Figure 3a, Option 1 can support that the minimum PCI feedback delay is 2 slots when NOFF1 is 0 or 2. As shown in Figure 3b, Option 1 can support that the minimum PCI feedback delay is 3 slots when NOFF1 is larger than 2.

· Benefits: In the same F-PCICH, the performance of UEs is same and good enough. It does not introduce the additional PCI delay.
· Drawbacks: Option 1 supports up to 10 CLTD users.
Considering the two-bit PCI information is in two consecutive slots and assuming the F-PCICH frame offset is same as the DPCH or F-DPCH frame offset, the scheme is proposed as follow:
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Where i is the F-PCICH slot index varying from 0 to 14, PCI_Update_cycle is 3 indicating that the PCI update rate is 3 slots, and NOFF1is the PCI offset bit in one F-PCICH slot.
when NOFF1 is 0 or 2, this F-PCICH timing process is shown in Figure 3a.If the F-PCICH slot index is to meet formula 2-1, the Node B could start to transmit PCI information from this slot to the next consecutive slot; if the F-PCICH slot index is not to meet formula 2-1, the Node B could not transmit PCI information in this slot.

when NOFF1 is larger than 2, this F-PCICH timing process is shown in Figure 3b.If the F-PCICH slot index is to meet formula 2-2, the Node B could start to transmit PCI information from this slot to the next consecutive slot; if the F-PCICH slot index is not to meet formula 2-2, the Node B could not transmit PCI information in this slot.
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Figure 3a: The PCI timing for F-PCICH with PCI offset NOFF1 of 0 or 2, when the PCI information is 2-bit and the PCI update rate is 3 slots.
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Figure 3b: The PCI timing for F-PCICH with PCI offset NOFF1 larger than 2, when the PCI information is 2-bit and the PCI update rate is 3 slots.
3. Two PCI symbols per slot and timing design
Option 2 or Option 3 is shown in Figure 4. There are two PCI bits in two symbols in one F-PCICH slot. There is {0, 0} or {1, 1} in one symbol to represent one PCI bit.

Option 2 is the F-PCICH symbol per slot is fixed allocation to the same UE.
· Option 2 is the number of slot format type is 5, such as NOFF1 is {0,4,8,12,16}. The number of the UEs that can support as Option 2 is 5.
· Option 3 is the number of slot format type is 15, such as NOFF1 is {0,4,8,12,16,20,24,28,32,36,40,44,48,52,56}.The number of the UEs that can support as Option 3 is 15.
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Figure 4: Option 2 or Option 3, in which two PCI bits in two symbols per slot, when the PCI information is 2-bit.

3.1 Timing design when the pre-coding weight adjustment of each E-DCH at E-DCH slot border

As shown in Figure 5a, Option 2 or Option 3 can support that the minimum PCI feedback delay is 1 slot when NOFF1 is 0 or 2. As shown in Figure 5b, Option 2 or Option 3 can support that the minimum PCI feedback delay is 2 slots when NOFF1 is larger than 2.
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Figure 5a: PCI timing in which two PCI bits in two symbols per slot when NOFF1 is 0 or 2 and the PCI information is 2-bit, and the PCI update rate is 3 slots.
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Figure 5b: PCI timing in which two PCI bits in two symbols per slot, when NOFF1 is larger than 2 and the PCI information is 2-bit, and the PCI update rate is 3 slots.

3.2 Timing design when the pre-coding weight adjustment of each E-DCH at the E-DCH subframe border

As like in Section 2.2, the pre-coding weight adjustment of each E-DCH is done at the E-DCH subframe border. Benefits: it facilitates the introduction of uplink MIMO. The scheme could guarantee that a 2ms TTI E-DCH is weighted by the same pre-coding matrix, since UL MIMO operation needs complete 2ms TTI data to decide the switching between single-stream block and dual-stream block.
Option 2: the number of slot format type is 5, such as NOFF1 is {0, 4, 8, 12, or 16}.
As shown in Figure 6a, Option 2 can support that the minimum PCI feedback delay is 1 slot when NOFF1 is 0. As shown in Figure 6b, Option 2 can support that the minimum PCI feedback delay is 2 slots when NOFF1 is larger than or equal to 4.

Benefits / Drawbacks:

· Benefits: In the same F-PCICH, the performance of UEs is same and good. It does not introduce the additional PCI delay
· Drawbacks: Option 2 supports up to 5 CLTD users. Because F-PCICH frame offset is symbol level, when two symbols is a group for PCI, if the offset is odd symbol, the allocation and use of resources may be more trouble than Option 1.
Considering the two-bit PCI information is in two consecutive symbols, assuming the F-PCICH frame offset is same as the DPCH or F-DPCH frame offset and Node B could only transmit PCI in one in three F-PCICH slots, the scheme is proposed as follow:
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Where i is the F-PCICH slot index varying from 0 to 14, PCI_Update_cycle is 3 indicating that the PCI update rate is 3 slots, and NOFF1is the PCI offset bit in one F-PCICH slot.
when NOFF1 is 0, this F-PCICH timing process is shown in Figure 6a.If the F-PCICH slot index is to meet formula 3-1, the Node B could start to transmit PCI information from this symbol to the next consecutive symbol in the slot; if the F-PCICH slot index is not to meet formula 3-1, the Node B could not transmit PCI information in this slot.

when NOFF1 is larger than or equal to 4, this F-PCICH timing process is shown in Figure 6b.If the F-PCICH slot index is to meet formula 3-2, the Node B could start to transmit PCI information from this symbol to the next consecutive symbol in the slot; if the F-PCICH slot index is not to meet formula 3-2, the Node B could not transmit PCI information in this slot.
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Figure 6a: as Option2, PCI timing when NOFF1 is 0 and the PCI information is 2-bit, and the PCI update rate is 3 slots.
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Figure 6b: as Option2, PCI timing when NOFF1 is larger than or equal to 4 and the PCI information is 2-bit, and the PCI update rate is 3 slots.
Option 3: the number of slot format type is 15, such as NOFF1 is {0,4,8,12,16,20,24,28,32,36,40,44,48,52,or 56}
As shown in Figure 7, Option 3 can support that the minimum PCI feedback delay may be 1 slot to 4 slots. If Option3 wants to support 15 users, UE could not adjust the PCI position to other slot for making the minimum PCI delay, since another slot position may belong to others. So Option3 could not ensure consistent and good performance for all users in the F-PCICH.
For example when NOFF1 is {0,4,8,12,16,20,24,28,32,36,40,44,48,52,or 56}, the PCI delay as follow:

(1) When NOFF1 is {0}, the PCI delay is 1-slot.

(2) When NOFF1 is {4, 8, or 12}, the PCI delay is 4-slot.

(3) When NOFF1 is {16, 20, 24, 28, or 32}, the PCI delay is 3-slot.

(4) When NOFF1 is {36, 40, 44, 48, or 52}, the PCI delay is 2-slot.

(5) When NOFF1 is {56}, the PCI delay is 1-slot.
Benefits / Drawbacks:

· Benefits: Option 3 supports up to 15 CLTD users.
· Drawbacks: In the same F-PCICH, the performance of UEs is obvious difference, due to the PCI feedback delay varies by the PCI symbol position in TTI. Some UE has poor performance by this scheme itself. It introduces the additional PCI delay. Because F-PCICH frame offset is symbol level, when two symbols is a group for PCI, if the offset is odd symbol, the allocation and use of resources may be more trouble than Option 1.
Considering the two-bit PCI information is in two consecutive symbols, assuming the F-PCICH frame offset is same as the DPCH or F-DPCH frame offset and Node B could transmits PCI in three F-PCICH slots, the scheme is proposed as follow:                                              

(1) The slot format of the UE in F-PCICH subframe is controlled by RNC.
(2) According to the slot format, NodeB/UE transmits/receives the PCI in two consecutive symbols.
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Figure 7: as Option3, PCI timing for three UEs, when the PCI information is 2-bit and the PCI update rate is 3 slots.
4. Summary
For Option 1:
· Compared with current F-DPCH process, Option 1 is easy to implement since it could reuse the existing modulation and demodulation process, etc. 

· When the PCI symbol location is not restricted, Option 1 can support that the minimum PCI feedback delay is 3 slots.
· The required power per symbol of Option 1 is same with Option 2. 

· Option 1 supports up to 15 CLTD users
· Option 1 is easier to allocate and use resources than Option 2 and Option 3.

For Option 2:

· Option 2 does not directly reuse current F-DPCH process.

· As Figure 6a and Figure 6b, when the PCI symbol location is not restricted, Option 3 can support that the minimum PCI feedback delay is 2 slots.
· The required power per symbol of Option 2 is same with Option 1. 

· Option 2 supports up to 5 CLTD users
· Option 2 is harder to allocate and use resources than Option 1, and same to Option 3.

For Option 3:

· Option 2 does not directly reuse current F-DPCH process.

· As Figure 7a and Figure 7b, whether the PCI symbol location is restricted or not, Option 3 can support that the minimum PCI feedback delay is 1 slot to 4 slots. The PCI feedback delay is uncertain. 

· The required power per symbol of Option 3 is same with Option 1. 

· Option 3 supports up to 15 CLTD users 

· Option 3 is harder to allocate and use resources than Option 1, and same to Option 2.
Table 1: Tx gain, when the codebook size is 4 and PCI update rate is 3 slots.
	Tx gain
	Feedback Delay is 1 slot  
	Feedback Delay is 2 slots
	Feedback Delay is 3 slots
	Feedback Delay is 4 slots

	PA3
	2.1
	2.13
	2.16
	2.15

	VA30
	1.15
	1.02
	0.8
	0.42


Table 2: Comparisons of three options of the downlink feedback channel format schemes, when the pre-coding weight adjusts at subframe border.
	the pre-coding weight adjusts at subframe border
	Option 1
	Option 2
	Option 3

	The required power for the same accuracy of PCI
	Low
	Low
	Low

	The number of the UEs in one F-DPCH slot resource
	10
	5
	5

	The maximum number of the users that can support
	10
	5
	15

	The minimum feedback delay[slot]
	2 or 3
	1 or 2
	1, 2, 3 or 4 

	The UL performance for all UEs in one F-PCICH resources
	Middle        (certain)
	HIGH (certain)
	Low to High(Uncertain)

	Expansibility for UL MIMO
	Easy
	Easy
	Easy

	the allocation and use of resources
	Easy
	Hard
	Hard

	Directly reuse the process of F-DPCH channel
	Yes
	No
	No


In Table 1 [1], we see that the performance of 4-slot feedback delay is obviously poor for the VA30 channel. Compared with the two options, we summarize some comparisons in Table 2, and according to the analysis above, we prefer Option 1 in which one PCI bit in one symbol per slot and the pre-coding weight adjustment of each E-DCH is done at the E-DCH subframe border.
5. Conclusion
In this document we discussed three possible F-PCICH timing schemes. Option 1 does not introduce the additional PCI delay, and it facilitates the introduction of uplink MIMO as well and has good performance. In summary, we propose: 
Proposal 1: PCI is transmitted in two consecutive F-PCICH slots, the slot format is same to F-DPCH.
Proposal 2:the pre-coding weight adjustment of each E-DCH could be done at the E-DCH subframe border.
Proposal 3: The F-PCICH timing frame offset
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Proposal 4: The F-PCICH slot index, in which the NodeB starts to transmit PCI, should satisfy
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6. Text Proposal
TS25.214
****************************************** TEXT START******************************************
10.X
Downlink PCI transmission
The Node B in the active set shall generate indications to control the pre-coding weights in uplink and send them in the PCI field of the downlink F-PCICH. An example on how to derive the PCI indications is given in Annex C.1.

When CLTD_Active is FALSE (see section 10), the CLTD operation is deactivated..

When CLTD_Active is TRUE (see section 10), the CLTD operation is activated.

When CLTD_Active is TRUE, PCI_Update_cycle=3, the Node B shall perform the following procedures:

· If the NOFF1 is 0 or 2, the first slot index in two consecutive slots for carrying one PCI in the F-PCICH transmission burst pattern shall be such that
· the CFN and F-PCICH slot index i verify                                              (15*CFN + i + 1) MOD PCI_Update_cycle =0
· If the NOFF1 is larger than 2, the first slot index in two consecutive slots for carrying one PCI in the F-PCICH transmission burst pattern shall be such that
· the CFN and F-PCICH slot index i verify                                              (15*CFN + i + 2) MOD PCI_Update_cycle =0
NOTE:
The NOFF1 in F-PCICH may be restricted as described in [1] sub-clause XXX.

Annex D (Informative):
Pre-coding control indicaition

D.1
Downlink pre-coding control indication timing

The pre-coding control indication timing described in this annex should be seen as an example on how the control bits have to be placed in order to permit a short PCI delay.

Application to a downlink PCI indication, the UE shall change its uplink precoding weights at the beginning of each subframe boundary after the PCI indication reception. Note that in soft handover, the PCI indication still is only sent by Node B in the active set. Note also that the delay from the downlink PCI indication reception to the pre-coding weights change timing is not specified for UTRAN. The Node B shall decide and send PCI indications on the downlink based on the uplink channel measurement. The PCI indication update rate is 3 slots. However, the uplink channel measurement periods are not specified for Node B. For the F-PCICH, if the F-PCICH slot index is in the F-PCICH pattern, the PCI indication field on the downlink starts immediately after being measured at the UE antenna. 
Figure C.1 illustrates an example of transmitter pre-coding control indication timings when the F-PCICH is configured on the downlink and the F-PCICH PCI offset NOFF1 is 0 or 2(see Table XXX of [1]). Figure C.2 illustrates an example of transmitter pre-coding control indication timings when the F-PCICH is configured on the downlink and the F-PCICH PCI offset NOFF1 larger than 2
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 FigureC.1: Precoding control indication timing for F-PCICH with the PCI offset NOFF1 of 0 or 2
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Figure C.2: Precoding control indication timing for F-PCICH with the PCI offset NOFF1 larger than 2
*1     If there is not enough time for UTRAN to respond the PCI, the action can be delayed until the next slot.
*2     If there is not enough time for UE to apply the PCI, the action can be delayed until the next slot.*3     The UL channel measurement periods illustrated here are examples. Other ways of measurement are allowed to achieve accurate UL channel estimation.
******************************************* TEXT END*******************************************
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