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1 Introduction

In the Uplink Transmit Diversity (UL TxDiv) for HSPA WI [1], one of the topics is the design of the PCI feedback.  Two candidate schemes are the absolute and the recursive feedback [2].  This contribution further investigates the effects of PCI feedback errors on these two schemes.
2 Feedback Schemes
The PCI feedback is likely to be transmitted using a channel based on the F-DPCH (or possibly the E-HICH/E-RGCH) (or known as E-PCICH [3]).  These physical channels are designed to carry 1 information bit per slot.  Although they can be manipulated to carry more than 1 information bit per slot at the expense of using more codes or reduced coding gain, it is preferred that the original design is not altered.  Hence, in this contribution, it is assumed that the PCI feedback sends 1 information bit per slot whether the feedback scheme is absolute or recursive.
In an absolute feedback scheme, the PCI weight can be one of the vectors in a codebook.  The PCI will point to an index in a codebook corresponding to a specific vector.  The number of bits N, required to encode the entire PCI symbol is dependent on the codebook size M, and it can be expressed as:

N = log2M
Since only 1 information bit is sent per slot, in order for the UE to obtain the entire PCI symbol, it has to decode N (consecutive) slots of PCI feedback.  It is found in [4] that a codebook size, M = 8 gives the best Tx Ec/No gain and hence we will use this codebook size for our analysis.  NOTE: A codebook size of 4 offers most of the Tx Ec/No gains albeit smaller slightly smaller than that in a codebook of size 8.  The number of information bits required to encode a codebook size of 8 is N=3 and hence the UE needs to wait 3 consecutive slots to obtain the PCI symbol.  This is illustrated in Figure 1, where the UE gets the PCI symbol at the end of 3 slots and applies the beamforming (BF) weights  in the following slot. 
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Figure 1: PCI feedback and application

In a recursive feedback scheme, the BF weight used makes use of the currently signalled BF weight and the previously applied/signalled BF weight.  In [5], the BF weight applied in the current transmission is an average of the currently and previously signalled BF weights.  An advantage of this scheme is that the number of information bits signalled in each PCI feedback is less than the number of information bits required to encode the codebook index.  For example, for N = 3, in each PCI feedback, only 2 bits are signalled.  

Another recursive feedback scheme is proposed in [2].  In this scheme, the PCI feedback is sent in consecutive slots and instead of waiting for all the PCI bits to arrive, the UE applies the PCI bits as they arrive by making use of previously applied BF weight.  Hence, each successive PCI bit will relay more information of the final PCI symbol and the UE can gradually refine its BF weight as more PCI bits arrive.  This scheme assumes that for a moderately slow propagation channel, the BF weight does not change significantly from one slot to another and hence, the current BF weight vector is likely to be close to the previously applied BF weight.  This scheme is explained in the following example.  The 8 codewords in the codebook are shown in Figure 2, where W = {0, 1, 2, 3, 4, 5, 6, 7} are the indices signalled by the PCI feedback.
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Figure 2: Index to codeword
Assume there is no BF weight signalled in the previous 3 slots and the NB decides to use BF weight, W=3 and for simplicity, the index W is encoded directly to binary, that is, W=3 is enconded as ‘011’ and these bits are sent out 1 bit per slot as shown in Figure 3.  At slot n-3, the UE receives bit ‘0’ and the set of possible BF weights are {0, 1, 2, 3} or weights within the lower semi-circle (as shown shaded in Figure 3).  Without any previous BF weight information, the UE uses the weight that is the mid-point within the lower semi-circle, or W=2.  In slot n-2, the UE receives bit ‘1’ and together with the previous bit info, the set of possible weights are {2, 3} or the lower left quadrant (as shown shaded in Figure 3).  Without any previous BF weight information, the UE uses the weight that is the mid-point of this quadrant or W=3.  Finally, in slot n-1, the UE receives the final bit ‘1’ and this reveals the final position of the weight, which is W=3. 
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Figure 3: Gradual refinement of PCI symbol in a recursive feedback scheme

In Figure 3, the NB decides to signal W=1 (i.e. encoded as ‘001’) at the start of slot n.  The UE receives bit ‘0’ at slot n, which once again suggests that the possible BF weights can be {0, 1, 2, 3}.  This time, the UE has previous BF weight information and the UE will choose the weight closest to the pervious weight, that is, the UE will use W=3.  In slot n+1, the UE receives bit ‘0’ and the possible set of BF weights are {0, 1}.  Since the previous applied and known weight (i.e. in slot n-1) is W=3, the UE chooses a weight closest to W=3 and here weight W=1 is closest in distance to weight W=3.  The UE therefore uses weight W=1 in slot n+1.  The UE receives the final information bit ‘1’ in slot n+2 and this reveals that the final weight is W=1.
At the beginning of slot n+3, the NB decides to signal weight W=7 (i.e. encoded as ‘111’) as shown in Figure 3.  The UE receives bit ‘1’ in slot n+3 and the possible BF weights are {4, 5, 6, 7}.  Since the previous applied (and known) weight is W=1, the UE selects the weights that are closest to W=1, which is weight W=7.  In slot n+4, the UE receives bit ‘1’ and the set of possible weights are {6, 7}.  The weight closest to the previously applied and known weight (W=1) is still W=7 and thus the UE uses weight W=7 in slot n+4.  The UE receives the final bit ‘1’ in slot n+5, revealing the final weight to be W=7 and the UE applies W=7 in slot n+5.
The recursive feedback described in Figure 3 has the following characteristics:
· It is able to estimate the BF weight before all the bits within the PCI symbol is sent.  The UE gradually refines its BF weight as part of PCI symbol is revealed.

· If there is an error in the current PCI symbol, it causes a smaller impact because the UE will select a weight that is as close as the previously known weight (assuming the previous weight has no error).  For a slow channel the current weight will likely be close to the previous weight

· If there is an error in the previous PCI symbol, this will affect the UE in the current PCI symbol but the error will not propagate to the following PCI symbol since the final PCI symbol is always used in the last slot of the current PCI symbol (assuming the current PCI symbol has no error)

3 Link Level Simulation

A link level simulation is performed to investigate the effects of PCI feedback errors on the absolute and recursive feedback schemes.  Since the recursive feedback scheme in [5] requires 2 information bits per slot in the PCI, we will consider the gradual refinement recursive feedback scheme in [2] (that is described in Figure 3).  The simulation assumptions follow the agreed assumptions in [6] and they are summarised in the Appendix.  In addition to the assumptions in [6], the following assumptions in Table 1 are used.  The Secondary DPCCH (S-DPCCH) uses the same slot format as that of the DPCCH but is spread using a different channelization code, namely Cch,256,2.  
Table 1: Additional link level simulation assumptions

	Parameter
	Value

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	0

	S-DPCCH Channelisation Code
	Cch,256,2

	UE Rx Antenna Correlation
	0

	Compensation of phase discontinuity
	Channel synthesis

	Channel estimation filtering
	Linear [0.4, 0.3, 0.2, 0.1]

	CLTD Codebook Size
	8

	CLTD Feedback Bit Error Rate
	0% to 20%

	CLTD Feedback Update Rate
	3 slots

	CLTD Feedback Delay
	3 slots


The phase discontinuity is compensated by performing channel synthesis.  Here channel estimation filtering is performed on the channel estimations with the BF weights removed.  The BF weights are then applies to the filtered channel estimates for demodulation.  Note that the PCI feedback error is per bit EBIT, and for PCI symbol of 3 bits, the symbol error rate ESYMBOL is:
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The DPCCH and Secondary DPCCH (SDPCCH) carrying the pilots are pre-coded and sent via both antennas as shown in Figure 4 [7].  Data demodulation is performed using only the channel estimates from the primary pilot (i.e. DPCCH).  The power ratio between S-DPCCH and DPCCH is 0 dB (i.e. (SDPCCH /(c = 1).  Absolute feedback of the beamforming weights is used where the beamforming weights in the codebook W have equal amplitude.  The relationship among the weights is as follows:
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The phase ( difference between successive codewords in the codebook W is fixed (i.e. uniformly distributed over 2() as shown in Figure 2.  
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Figure 4: Pre-coded pilot structure

The Tx Ec/No gains over the no transmit diversity scenario for the absolute and recursive schemes is plotted against PCI feedback bit error rate in Figure 5.  The results are also tabulated in Table 2.  
Table 2: Tx and Rx Ec/No gains (relative to no TxD) for absolute and recursive feedback schemes

	Item
	PCI Error Rate
	Tx Ec/No Gain (dB)
	Rx Ec/No Gain (dB)

	 
	Bit Error
	Symbol Error
	Absolute
	Recursive
	Absolute
	Recursive

	1
	0.000
	0.000
	2.92
	2.97
	-0.01
	0.14

	2
	0.005
	0.015
	2.65
	2.90
	-0.53
	-0.87

	3
	0.020
	0.059
	1.20
	1.68
	-1.70
	-2.15

	4
	0.050
	0.143
	0.02
	0.15
	-3.23
	-2.64

	5
	0.200
	0.488
	-3.30
	-3.24
	-5.09
	-5.48


It is observed in Figure 5 that without any PCI error, the absolute and recursive schemes have similar performance.  Although the recursive scheme is able to implement the BF weight faster than that in the absolute scheme, in a slow channel like PA3, this advantage is not significant and hence at 0% PCI bit error, the performances are similar.  
However, when PCI errors are introduced, it is observed that the recursive scheme is more robust than the absolute scheme.  At low error rates, it is unlikely that two consecutives PCI symbols are in error.  If there is an error in the current PCI symbol, the recursive scheme that makes use of previously known (and in this case correct) weight will not deflect the BF weight too far away from the intended receiver.
When the PCI bit errors is high (e.g. above 0.05), consecutive PCI symbols are likely and hence the advantage offered by the recursive scheme reduces again.  Hence, for high PCI bit errors the performances of both schemes are similar.  Also at high PCI bit error, above 0.05, a loss in Tx Ec/No (relative to No TxD) is observed.  Error in PCI causes two issues, firstly, the UE beamforms to the wrong NB receiver and secondly, the NB will use the wrong BF weights in its channel synthesis leading to wrong channel estimates.  Since the channel estimates are used in determining the BF weights at the NB, the wrong BF weights will be sent.  This results in significant loss as observed in Figure 5.

[image: image7.emf]-4.000

-3.000

-2.000

-1.000

0.000

1.000

2.000

3.000

4.000

0.000 0.020 0.040 0.060 0.080 0.100 0.120 0.140 0.160 0.180 0.200

PCI Bit Error Rate

Tx Ec/No Gain (dB)

Absolute Recursive


Figure 5: Tx Ec/No gain (relative to no TxD) for absolute and recursive feedback schemes
4 Conclusion
The effect of PCI feedback error is investigated for the absolute and the recursive feedback schemes.  It is found that high PCI bit error rate causes significant loss to the system performance and hence the PCI feedback channel should be designed and operated to have reasonably low bit error rates.  
It is also observed that for likely PCI bit error rates, in the range 2-5%, the recursive feedback scheme is more robust against feedback errors than the absolute scheme. 
 Given these conclusions, it is proposed that a recursive feedback scheme is adopted for CL UL TxD.
Proposal 1: Adopt a recursive feedback scheme for CL UL TxD.
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6 Appendix
The simulation assumptions used are based on those in [6] and are summarised in Table 3.
Table 4: Link level simulation parameters

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	TBS2020: QPSK

	Number of physical data channels and spreading factor
	TBS2020: 2xSF2

	20*log10(βed/βc) [dB]
	TBS2020: 9

	20*log10(βec/βc) [dB]
	TBS2020: 2

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]†
	0

	S-DPCCH Channelisation Code
	Cch,256,2

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	TBS2020: 1 % Residual BLER after 4 H-ARQ attempts

	Number of Rx Antennas
	2

	UE Rx Antenna Correlation†
	0

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Secondary DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Compensation of phase discontinuity†
	Channel synthesis

	Channel estimation filtering†
	Linear [0.4, 0.3, 0.2, 0.1]

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4 %

	Propagation Channel
	PA3

	NodeB Receiver Type
	TBS2020: RAKE 

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	CLTD Codebook Size†
	8

	CLTD Feedback Bit Error Rate†
	Varies from 0% to 20%

	CLTD Feedback Update Rate†
	3 slots

	CLTD Feedback Delay†
	3 slots


NOTE: †Additional simulation assumptions not in [6]
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