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1 Introduction

In the previous RAN1#65 meeting, the following was agreed for UL CLTD:

· Feedback update rate

· Physical layer supports 3-slot update rate

· Consider further whether any special behaviour (e.g. faster update rate) is needed for CPC

· FFS between recursive / absolute feedback. 

· FFS whether RRC-based reduction of the update rate is supported

· Codebook contains only phase components

· Antenna selection is supported, but not within the codebook

· Codebook size 4

On the feedback update rate, it was agreed that the PCI is updated every 3 slots (i.e. per TTI), in which, this was understood that there is no change to the UE pre-coding during a TTI.  However, a faster feedback update rate may be needed for CPC.  This contribution investigates this aspect further, particularly on the CLTD operation under CPC.
2 Discussions
In CPC operation, the UE is allowed to perform DTX after a period of inactivity (no traffic).  The DTX operation consists of a DTX cycle length and a DPCCH burst as shown in Figure 1, where the DPCCH burst includes an uplink DPCCH preamble and postamble.  E-DCH (E-DPDCH & E-DPCCH) transmissions occur within a DPCCH burst, in which it is preceded by the DPCCH preamble and followed by a DPCCH postamble.  The DPCCH preamble length is usually 2 slots and the DPCCH postamble is 1 slot [1].
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Figure 1: DTX pattern: DTX cycle length & DPCCH burst
In the previous meeting, for non-CPC operations, it was agreed that an absolute feedback scheme with a codebook size of 4 is used and that there is no PCI update within a TTI.  The timing of the feedback process is shown in Figure 2.  Assuming a 3 slots feedback delay as that described in [2] is used, the NB estimates the beamforming weight based on UL DPCCH at slot k-2 to be PCI a, which consists of bits {a1, a2}.  The bits a1 and a2 corresponding to PCI a, are sent in slots k and k+1 respectively.  The UE receives the complete PCI in slot k+1 and theoretically it can apply this beamforming weight in slot k+2.  However, the UE is not allowed to change beamforming weights during non-CPC operation and hence the beamforming weight indicated by PCI a, is applied in the following TTI in slots k+3, k+4 and k+5 as shown in Figure 2.


[image: image2.emf] 

a 1  a 2   x 1  x 2   y 1  y 2  

NB  

2 ms TTI  

NB decides to send  PCI  a  = { a 1 ,  a 2 }  

PCI  bits  transmitted  

a 1  a 2   x 1  x 2   y 1  y 2  

UE   PCI  bits  received  

Propagation  delay  

a  a  a  y  y  y   x  x  x  

PCI applied  

k - 3  k - 2  k - 1  k  k +1  k +2  k +3  k +4  k +5  

k - 3  k - 2  k - 1  k  k +1  k +2  k +3  k +4  k +5  k +6  k +7  k +8  

UE receives a complete  PCI ,   a  = { a 1 ,  a 2 }  

UE  applies   weight   a  


Figure 2: PCI feedback process for absolute feedback
When the UE is in DTX, in determining the PCI, the NB can only make use of slots that contains uplink DPCCH.  Assuming the absolute feedback process described in Figure 2 is used for the DTX pattern shown in Figure 1, the PCI feedback process is shown in Figure 3.  Here, the NB receives the first uplink DPCCH from the UE after DTX at slot k-2, the NB then decides to use PCI a, which contains bits {a1, a2}.  The bits a1 and a2 are sent in slots k and k+1 respectively similar to the case in Figure 2.  The UE completely receives the bits {a1, a2} required to determine the PCI a, at slot k+1, where the beamforming weight corresponding to PCI a, can be applied in slot k+2.  Since the UE is not allowed to change its beamforming weight during a TTI, the beamforming weight corresponding to PCI a, is applied in slot k+3.  However, there is no E-DCH transmission in slot k+3 and the UE moves into DTX after slot k+3.  The earliest this weight can be applied on an E-DCH transmission is in the following DPCCH burst after the DTX in slots m-2, m-1, m, m+1 and m+2, as shown in Figure 3.  If the DTX cycle length is long, or the UE is not stationary, then the beamforming weights determined in one DPCCH burst may not be suitable for the following DPCCH burst. This may have a negative impact in particular on VoIP services, which depend on this kind of single-TTI transmission burst for efficient operation. 
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Figure 3: Absolute PCI feedback process under DTX operation
It may be beneficial that the beamforming weights determined in one DPCCH burst can be applied in the same DPCCH burst.  In order to examine the effect of updating the precoding weights sooner than waiting for the TTI boundary, we consider the recursive feedback scheme in [3] under CPC operation.  This is shown in Figure 4.  The NB receives the first UL DPCCH after a DTX period in slot k-2 and decides on PCI a={a1, a2}, where the bits a1 and a2 are transmitted in slot k and k+1 respectively as in the absolute PCI feedback scenario in Figure 3.  The UE receives the bit a1 in slot k and using the recursive method in [3], it determines the beamforming weight to be a’ and applies it in slot k+1.  The UE then receives the bit a2 in slot k+1 which gives it the complete PCI a, and this is applied in slot k+2.  The NB continues to estimate beamforming weights which are indicated by PCI b={b1, b2} and these PCI bits are sent in slots k+2 and k+3 respectively.  The UE receives b1 in slot k+2 and using the method in [3] it determines the beamforming weight to be b’ and applies it in slot k+3.  The UE receives the complete PCI b, in slot k+3 but is unable to apply it in the slot after k+3 since it moves into DTX (after slot k+3).  The UE applies the beamforming weight indicated by PCI b, in the following DPCCH burst in slot m-2, m-1 and m as shown in Figure 4.  It can be observed that the UE only applies beamforming weights based on the previous DPCCH burst in the first slot of the E-DCH transmission of a given DPCCH burst (e.g. slot m in Figure 4).  Unlike the situation in Figure 3, in the following 2 slots, the UE is able to use beamforming weights based on the current DPCCH burst (e.g. slot m+1 and m+2 in Figure 4).
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Figure 4: Recursive PCI feedback process under DTX operation

3 Simulations

The performance of the schemes described in the previous section under DTX operation are evaluated via a link level simulation. The simulation assumptions follow those in [2] and they are listed in Table 2 in the Appendix.  Some of the key simulation assumptions are highlighted in Table 1.  The transport block size used is 318 bits assuming a VoIP service.  The DTX parameters are selected to follow the DTX pattern in Figure 1.  The propagation channel is Ped-A where the speed varies from 3 kmph to 15 kmph.  DTX cycle lengths of 8 TTI and 16 TTI are investigated.  
Table 1: Link level simulation parameters of interest

	Parameter
	Value

	TBS [bits] 
	318

	Propagation Channel
	PA3, PA6, PA9, PA15

	UE DTX
	ON (8 TTI and 16 TTI cycle length)

	Number of DPCCH preamble slots
	2

	Number of DPCCH postamble slots
	1

	Number of E-DCH TTI in a DPCCH burst
	1

	CLTD Feedback Update Rate
	3 slots for absolute, 2 slots for recursive


The following scenarios are simulated:
1. No UL CLTD (“NoTxDiv”)

2. UL CLTD with full beamforming weights applied only at TTI boundary (“Absolute”)

3. UL CLTD with beamforming weights applied progressively slot-by-slot as soon as they are available (“Recursive”)

The Tx Ec/No gains of these schemes over the scenario without UL CLTD (NoTxDiv) are summarised in Table 2.  These results are also plotted in Figure 5.
Table 2: Tx Ec/No gain relative to NoTxDiv scenario

	Speed (kmph)
	Tx Ec/No Gain (dB)

	 
	DTX Cycle Length = 8 TTI
	DTX Cycle Length = 16 TTI

	 
	Absolute
	Recursive
	Absolute
	Recursive

	3
	1.57
	2.04
	1.52
	4.34

	6
	2.65
	3.56
	0.25
	4.52

	9
	0.40
	1.64
	0.17
	2.08

	15
	0.29
	1.64
	0.12
	1.90


[image: image5.emf]0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

0 2 4 6 8 10 12 14 16

Speed (kmph)

Tx Ec/No Gain (dB)

Absolute - 8 TTI Recursive - 8 TTI

Absolute - 16 TTI Recursive - 16 TTI


Figure 5: Tx Ec/No gains

For the 8 TTI DTX cycle length, the gains peaked at around 6 kmph.  This is due to a faster rise in required Tx Ec/No for the NoTxDiv scenario compared to those scenarios with UL CLTD.  For the TTI-boundary-based updates, the beamforming weights used in a DPCCH burst period are based on those determined from the previous DPCCH burst period.  From Figure 5, it is observed that the beamforming weights determined from previous DPCCH burst period has little relevance after 6 kmph and the Tx Ec/No gains using TTI-boundary-based updates reduces to almost nothing after 9 kmph.  A similar trend is observed for the slot-by-slot updates.  However, in the slot-by-slot updates only the initial part of the DPCCH burst period relies on beamforming weights determined from the previous DPCCH burst period and this dependence diminishes in later parts of the DPCCH burst.  Although there is a sharp drop in Tx Ec/No gain in the slot-by-slot updates when the relevance of the previous DPCCH burst period ceases, there is still significant Tx Ec/No gains (of 1.6 dB) after 9 kmph since later parts of the DPCCH burst benefit from beamforming weights determined in the current DPCCH burst period.
For the 16 TTI DTX cycle length, a similar trend where there is a peak in Tx Ec/No gain is observed in the slot-by-slot updates.  This trend may also be present in the TTI-boundary-based updates where the peak may occur at a lower speed.  The Tx Ec/No gains for the TTI-boundary-based updates becomes insignificant after 6 kmph or when the beamforming weights determined in the previous DPCCH burst period becomes irrelevant.  Similarly to the 8 TTI DTX cycle length scenarios, the Tx Ec/No gains in the slot-by-slot updates under 16 TTI DTX cycle length benefit from beamforming weights estimated in the current DPCCH burst period and thereby giving a gain at higher speed (about 2 dB).  
It can be observed that gains can be obtained by using UL CLTD especially at lower speed under DTX.  The slot-by-slot updates is more robust compared to that in the TTI-boundary-based updates and can adapt to changes in the channel due to CPC.  In fact, it is observed that the slot-by-slot updates offers higher gains when the DTX cycle length is longer.  However, we expect this gain to diminish when the speed further increases.
4 Conclusion
In this contribution, we investigated UL CLTD operation under CPC, and we make the following observations:

Observation 1: According to the current assumptions and agreements, only the postamble slot of a single-TTI VoIP transmission can use a beamforming weight derived from the same burst. 

Observation 2: At UE speeds above 6kmph, the beamforming weights derived from the previous burst are typically not appropriate. 

Observation 3: Application of the most significant bit of the beamforming weight as soon as it is available offers significant gains in CPC compared to waiting for the whole precoding indicator to be received.  
We therefore make the following proposal:
Proposal 1: When CPC is configured:
· at the start of a preamble, the UE uses the most recently signalled precoding vector; 

· the UE applies the MSB of the first precoding indicator received during a burst in the first slot after it is available, and the LSB in the next slot;

· subsequently-received precoding vectors are applied in full at the TTI boundary in the usual way.   
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6 Appendix
The simulation assumptions used are based on those in [2] and are summarised in Table 2.

Table 3: Link level simulation parameters

	Parameter
	Value

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

	E-DCH TTI [ms]
	2

	TBS [bits] †
	318

	Modulation†
	QPSK

	Number of physical data channels and spreading factor†
	1xSF4

	20*log10(βed/βc) [dB] †
	8

	20*log10(βec/βc) [dB]
	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
	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, PA6, PA9, PA15

	NodeB Receiver Type
	RAKE 

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX†
	ON (8 TTI and 16 TTI cycle length)

	Number of DPCCH preamble slots†
	2

	Number of DPCCH postamble slots†
	1

	Number of E-DCH TTI in a DPCCH burst†
	1

	CLTD Codebook Size†
	4

	CLTD Feedback Bit Error Rate†
	1%

	CLTD Feedback Update Rate†
	3 slots for absolute, 2 slots for recursive

	CLTD Feedback Delay†
	3 slots


NOTE: †Additional simulation assumptions not in [2]
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