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1. Introduction 

During a previous RAN1 meeting it was agreed that, for both CPC and non-CPC case, the update rate of PCI is equal to 3 slots. A number of documents regarding the CPC and Uplink Closed Loop transmit Diversity co-existence have been presented [1,2,3,4,5]. In [1,3] a need of special behaviour of PCI feedback loop under CPC has been proposed or noted. The need was motivated by the benefits that are brought by the application of PCI which is calculated based on the current DPCCH burst. In this contribution it is shown that no changes are required in the existing CPC mode to apply the PCI estimated during current burst. 2 options have been evaluated by link level simulations to prove the gains of CLTD+CPC over the baseline single Tx antenna CPC case:

· Application of PCI estimated in a previous burst, where the channel impulse response has been averaged over 3 slots

· Application of PCI with a reduced delay at a cost of inferior quality caused by reduced or withdrawn averaging of channel impulse response

2. Discussion

2.1. CPC principles

In the Continuous Packet Connectivity mode, when the UL DTX is active (e.g. the uplink transmission is discontinuous), data transmission is periodical, followed by the DTX periods. 2 types of DTX with periodic one-TTI data burst representing uplink voice activity with different HARQ operating points are described here by the value of the ratio of data transmission length to a period length, namely:

· Cycle ¼, where the 3-slot burst of data is transmitted once over a period of 12 slots

· Cycle 1/8, where the 3-slot burst of data is transmitted once over a period of 24 slots

In each of the abovementioned cases, the data burst is following 2 slots of DPCCH transmission (preamble) and is followed by 1 slot of DPCCH (postamble). An example of the 1/4 cycle is depicted in the following figure.
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Figure 1 – CPC cycle 1/4

The uplink voice on E-DCH can be considered to be the most demanding a practical case for the combination of UL DTX and UL CLTD. Other traffic profiles with longer activity and inactivity periods experience less frequent transients and as the transient is practically only impacting the first data packet after the transmission gap, cannot be seen to be impacted with the introduction of UL CLTD.

2.2. Closed Loop Transmit Diversity and CPC co-existence

When the UE is configured in the UL CLTD mode, it will receive precoding feedback in the form of PCI sent via F-PCICH channel every 3 slots. At the Node B, the received power (or SINR or other metric) is estimated for every precoding weight. The index of precoding weight maximizing the metric is nominated as the PCI. For assuring better quality of PCI estimation, channel impulse responses, based on which the PCI is estimated, are averaged through a number of slots (typically 3 slots). 

It was proposed that the UE should apply the transmission weights corresponding to received PCI at the nearest slot boundary, but no sooner than after a period of 512 chips [6]. The feedback is periodical and the sending time is considered to be semi-static parameter (i.e. is not changing frequently). When the CPC mode gets enabled for a given UE, it is not very likely that the F-PCICH channel for the UE in CPC mode will be reconfigured, as it may require reconfiguration of F-PCICHs of other UEs and may be even impossible due to lack of resources. Thus, 3 cases of PCI application timing can be distinguished in CPC mode with the traffic profile described in section 2.1:

i. PCI is applied at the beginning of  E-DCH TTI (slot 15 on Figure 1)

ii. PCI is applied after the first slot of  E-DCH TTI (slot 16 on Figure 1)

iii. PCI is applied after the second slot of E-DCH TTI (slot 17 on Figure 1)

In the first case, PCI should be received in the 14th slot to be applied in the 15th.  Prior to the 14th slot, there is only one DPCCH slot available (13th slot), which is following the DTX period in slots 7-12. The Node B may have two options in this situation:

a. Feed back PCI calculated based on channel impulse response from previous burst

b. Feed back PCI calculated based on channel impulse response from the first slot of DPCCH preamble (13th slot)

The option ‘a’ has got an advantage of better quality of channel estimation (and as a result, better PCI estimation), as it may be done based on slots 4,5,6. The disadvantage is the delay between the PCI estimation and the application at the UE.

Option ‘b’ may assure lower latency of PCI application at the cost of worse quality caused by withdrawing the channel impulse response averaging. 

Option ‘a’ and ‘b’ are depicted in the figure below. Red circles marks the slots, based on which the PCI is being calculated. The gray dashed line points the slot boundaries at which the PCI is applied.
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Figure 2 – PCI feedback options – case ‘i’

For the case ii, similar two options can be distinguished, described on the following figure.
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Figure 3 – PCI feedback options – case ‘ii’

Option ‘c’ is similar to option ‘a’ with a difference of PCI application time now being at the boundary between 15th and 16th slot. In option ‘d’ the node B performs the averaging of channel impulse responses with a filter spanning over 2 slots.

3. Simulation results

To evaluate and compare the above cases, link level simulations have been performed. The aim was to examine presented cases for achievable gains to check if CPC principles or current agreements regarding Closed Loop Transmit Diversity in non-CPC mode have to be changed. The outcome of the simulation was the Tx and Rx Ec/N0 gains over the baseline case of 1x2 transmission in CPC mode. In options ‘b’ and ‘d’ the averaging filter has got flexible size, and that the size was dependent on the number of available slots, e.g. for the 14th slot on the Figure 3 the filter size was equal to 2. The following figure describes the flexible filter size approach.
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Figure 4 – Averaging filter size in options ‘b’ and ‘d’

In the 1st slot, since there is only 1 slot of DPCCH available, preceded by the DTX period, the averaging filter size is equal to 1. In the next slot the filter is growing to 2 slots and in the 3rd slot the averaging filter is achieving its full length of 3 slots. 

In options ‘a’ and ‘c’ the channel impulse response filtering is not performed until 3 slots are available. Until that moment previous averaged channel impulse response is used.

Detailed simulation assumption can be found in the Appendix.
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Figure 5 – Simulation results for case ‘i’
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Figure 6 – Simulation results for case ‘ii’

On the Tx side, for the case ‘i’ it can be seen that the choice of the option has got marginal influence on low-velocity cases, as both cases perform similarly. When the UE velocity is increased, clear advantage of option ‘b’ can be seen. In option ‘a’, the Tx Ec/N0 gains are negative, which means that UL CLTD is performing worse than the SIMO case.  At the receiver the losses are comparable or lower for option ‘b’ and for PA30 channel small gains over baseline case can be seen.

In the case ‘ii’ the Tx Ec/N0 gains are slightly higher for option ‘d’ when the UE is moving with a velocity of 3kmph.  In the higher velocity cases, as in the previous case, the gains are significantly higher for option ‘d’. Also on the receiver side option ‘d’ outperforms option ‘c’.

Concluding, it can be said that the simulations results shows that neither changes in the CPC scheme nor special behavior for CLTD mode under CPC is needed as without them gains of CLTD over baseline case of 1x2 transmission can be seen. Additionally it was noted that it is more beneficial to send PCI with inferior quality than to feed back PCI calculated in the previous burst..

Summary

In this contribution the CPC and CLTD co-existence issues have been described assuming a traffic profile of a single UL TTI of data per burst, which maximises the impact of DTX on/off transients. Simulation results have been presented leading to the conclusion that the changes are not needed to the CLTD procedure when CPC is enabled. In [1] it was noted that when the UE is in the CLTD mode, the DPCCH preamble could be extended. Simulation results are showing, that even without extending the preamble the gains of Closed Loop Transmit Diversity are visible. In [3] the simulations were performed with the recursive feedback scheme while we believe that the commonality in different scenarios (CPC and non-CPC case) should be assured.
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Appendix A. Simulation Assumptions

Table 1 – simulation assumptions

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	BPSK 

	TBS [bits]
	320

	Number of physical data channels and spreading factor
	1xSF4

	Number of H-ARQ Processes
	2ms TTI: 8

	Target Number of H-ARQ Transmissions
	2ms TTI: 1

	Residual BLER
	10% after 1st transmission

	Number of Rx Antennas
	2

	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)

	Channel Estimation
	Realistic

	SIR Estimation
	1 slot

	Inner Loop Power Control
	ON 

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	UL TPC & TxDiversity Feedback Delay (sent on F-DPCH)
	2 slots*

	Tx weights updates
	3 slots

	Number of Tx weights
	4 

	UL TPC & TxDiversity Feedback Error Rate 
	0%

	Propagation Channel
	PA3, VA3,PA30, VA30,

	NodeB Receiver Type
	Rake Receiver

	UE DTX
	ON, cycle ¼ 


* PCI delay may be increased due to discontinuous nature of CPC






