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1 Introduction

A new Rel-12 study item “Study on Further EUL Enhancements” [1] was approved during RAN#58 plenary meeting. The study item includes investigation and evaluation of various improvements which can further enhance the uplink HSPA performance.

Some initial simulation results comparing the link performance between the Lean carrier proposal and the corresponding baseline CPC scenarios were presented in RAN1#73 [2]. In RAN1#74 power control aspects of clean carriers were discussed [3] and link simulation assumptions for Lean carrier evaluation were agreed [4].
In this contribution we provide further results and analyses encompassing the use of the TU 3km/h and VA 30km/h channel models as an extension to the results provided in [5].

2 Analytical Evaluation on the interference impact of DPCCH bursts
This section aims at describing in a simple manner and from an analytical point of view one of the gains that Lean Carrier can potentially provide as a further EUL enhancement over CPC by suppressing the overhead given by the DPCCH bursts of inactive UEs. In order to be able to evaluate in an isolated manner the impact of inactive UEs on the Noise Rise, let us consider an equation describing only the DPCCH transmissions of N inactive users operating in CPC mode.
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Where NRdB refers to the Noise Rise, EcNoc stands for the energy per chip divided by the noise power spectral density on the DPCCH, and ac(i) represents the activity factor which is directly related to the CPC gating. Aiming at keeping the things simple and without loss of generality, the figure shown below considers the case of having 30 inactive UEs, different activity factors, and four different EcNoc requirements for the inactive users.
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Figure 1.  Impact of inactive UEs on the Noise Rise

In principle, from the figure shown above it is possible to observe where UEs in Release 6 (i.e., before introducing CPC mode), CPC UEs, and the Lean Carrier proposal are situated in this analysis. In this regard, it is possible to see how in the case of having 30 inactive UEs, a continuous DPCCH transmission can consume up to 2.8dB even when the EcNoc is -18dB, highlighting that if for example a more dispersive channel is taken into consideration, then the EcNoc requirements will become higher and because of that the NR consumption will dramatically increase as can be seen from the plot located at the right bottom (An EcNoc equal to -16dB leads to a 6dB NR consumption). As a way of alleviating the above described situation, the CPC mode can be used by the inactive UEs, which for example with an activity factor of 0.4 would be able to reduce the uplink interference from 2.8dB to 0.9dB and from 6dB to1.55dB respectively for the above mentioned EcNocs. Although CPC can use several activity factors (i.e., Y-axis in the above figures), in practice there are limitations in length of the DPCCH gating period mainly due to synchronization issues (e.g., a very long inactivity period can be confused with loss of synchronization). So, even when CPC can significantly reduce the uplink interference, the DPCCH transmission by inactive UEs can still be quite substantial, and because of that a dedicated secondary carrier intended to provide high data rate services will require a fully gating (Lean Carrier) in order to prevent the problems that were addressed in [5], and that are further studied and analysed in this paper for the case of more dispersive channel models.
3 Link Level Simulations

3.1 Simulation assumptions

Table 1. Link level simulation assumptions

	Parameter
	Value

	Transmission modes
	SIMO

	Physical channels
	DPCCH, E-DPCCH and E-DPDCH 

	ΔT2TP [dB]
	10

	E-DCH TTI [ms]
	2

	Modulation
	QPSK/16-QAM

	TBS [bits]
	4422, 10134 or 20268 (simulations are not limited to these TBSs) 

	Fixed SIR Targets [dB]
	range depending on TBS, with 1 dB step-size

	H-ARQ approach
	Incremental redundancy

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max log MAP

	Number of iterations for turbo decoder
	8

	NodeB Receiver Type
	LMMSE (2 RX antennas)

	DPCCH slot format
	1 (8 Pilot + 2 TPC)

	Path Searcher
	Ideal

	Channel estimation
	Realistic

	TPC feedback error rate
	No errors (ideal feedback)

	TPC feedback delay [slots]
	2

	TPC period [slots]
	1

	OLPC
	OFF

	ILPC
	ON

	Propagation channel
	PA3, TU3, VA30

	Correlation of channel realizations between different RX antennas
	0


3.2 Transmission patterns

The comparisons between the Lean carrier proposal and the baseline CPC solution make use of the following definitions.

· Lean carrier transmissions are scheduled periodically with a predefined transmission length and a predefined transmission periodicity. In Lean Carrier, the DPCCH is transmitted only during data transmission (with no DPCCH bursts transmitted), and with preambles/postambles considered as optional.

· Baseline CPC transmissions are scheduled according to the same pattern as the Lean carrier users. DPCCH gating is used to reduce the control channel overhead. This means DPCCH preambles, postambles and periodic DPCCH bursts are transmitted, creating extra interference on the dedicated secondary carrier. Baseline CPC users configured on the dedicated secondary carrier can, therefore, interfere with each other even when they are not transmitting data.
4 Simulation results for the TU3 and VA30 channel models
This section presents the results and observation from simulations based on scenarios described in [5], but involving the use of the TU 3km/h and VA 30km/h channel models.
4.1 Impact of DPCCH bursts on data transmission
In order to be consistent with what was presented in [5], the transmission patterns for the Lean and the CPC cases continue being described according to Figure 2.
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Figure 2.  Transmission patterns for the results shown in Figure 3 below. All cases have a 10ms data burst and a 40ms repetition cycle. For the CPC case, the data transmissions are interfered by a number of DPCCH bursts. For the Lean cases, there is no interferer.

Aiming at further investigating the impact of the DPCCH burst on the Data transmissions it was agreed to perform simulations by using other ITU channel models. The performance evaluation for Lean Carrier, and CPC in the case of be exposed to the channel conditions given by the TU3 is shown in Figure 3.
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Figure 3.  Impact of DPCCH bursts on data transmission at 5 Mbps by using the TU3 channel model. Results of BLER vs Ec/N0 for 1, 2 and 4 interfering DPCCH bursts.

Compared to the PA channel, the TU channel model is more dispersive (it is composed by 20 taps, while its maximum delay spread is 2.140µs) and because of that it is more challenging to achieve high date rates. As a consequence of the fact mentioned before, and aiming at reaching a 10% BLER it was decided to perform the analysis at 5Mbps. In general from Figure 3 it can be observed that the trend that was observed before in [5] for case of 10Mbps also prevails here. It can be noticed that even when the DPCCH bursts are tiny in terms of power, they lead to performance degradation for CPC.
Aiming at continuing with the analysis of some other channel models, the VA30 channel was taken into consideration, which is slightly more dispersive (maximum delay spread = 2.510µs) than the TU channel, and in addition to that, its higher speed will add more complexity to the scenario since in this case the channel is changing much more rapidly (shorter coherence time) compared to the speed of the previously studied channels. The results obtained after evaluating the same scenarios under the environmental conditions imposed by the VA30 channel model are shown in Figure 4.
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Figure 4.  Impact of DPCCH bursts on data transmission at 2 Mbps by using the VA30 channel model. Results of BLER vs Ec/N0 for 1, 2 and 4 interfering DPCCH bursts.

From the above figure it can be noticed that the trend among Lean Carrier and CPC is also consistent for the VA30 channel even when the data rate was deliberately decreased up to 2Mbps aiming at managing in a better way the dispersivity and fading rapidity given by the nature of this channel. 
Observation: 
When the more dispersive channel models, TU and VA are used for evaluating the impact of the DPCCH burst on data transmission, it can be observed that the CPC performance is deteriorated compared to lean carrier even when the data rate is reduced aiming at overcoming the adverse effects of this type of channels.

4.2 Impact of interference on DPCCH bursts

This section involves the use of TU3 and VA30 channel models for addressing the problem stated in [3], where the interference coming from the data of other UEs may hit the DPCCH bursts of CPC UEs, which leads to an artificial power boosting every time a data transmission is restarted after a gap. Highlighting that in [5] it was also found that the above situation has a cumulative effect as long as more than one DPCCH burst gets hit by data.
So, by following the same idea of the scenario depicted in Figure 5, the TU3 channel was firstly evaluated, which results are shown in Figure 6.


[image: image9]
Figure 5. Transmission pattern B for studying the impact of interference on DPCCH bursts. For each CPC user, a DPCCH burst of 6ms is transmitted every 86 ms and a 6ms data burst is transmitted every 4 DPCCH burst (344 ms). One, two, or all three of the standalone DPCCH bursts may be interfered by data transmissions. The simulated CPC scenarios are: 0+1, 0+1+2, and 0+1+2+3. Users 1, 2, and 3 for the Lean case are included for illustrative purpose only. They do not interfere with user 0 or with each other.
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Figure 6.  Impact of interference on DPCCH bursts case 2 for the TU3 channel model: Alternating 1 data and 3 DPCCH bursts for 5Mbps data transmissions.

By performing an inspection of the curve shown above, it can be noticed that the performance of a CPC user is degraded by the interference undergone by the DPCCH bursts. Moreover, cumulative effect takes place as more DPCCH bursts get hit by data of other users.
Continuing with the analysis, the same scenario was evaluated for the VA30 channel, with its results shown in Figure 7.
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Figure 7.  Impact of interference on DPCCH bursts case 2 for the VA30 channel model: Alternating 1 data and 3 DPCCH bursts for 2Mbps data transmissions.

When the same scenario is evaluated under the VA30 channel conditions, in general the performance for Lean Carrier and CPC with 1/3 of the DPCCH bursts hit by data at the10% BLER operating point is quite similar (To remember that VA30 was evaluated at 2Mbps aiming at being consistent with what was described at the end of the subsection 4.1; where it was stated that the data rate was decreased aiming at overcoming the adverse effects of this channel), however a bias in the performance starts to become distinguishable when 2/3 and 3/3 of the DPCCH bursts are hit by data.  

Observation:
The cumulative effect shown in [5] for the PA3 channel also prevails for the TU3 and VA30 channels. The performance of CPC gradually gets biased as more DPCCH bursts are hit by data, highlighting that although it was less evident for VA30 since it was evaluated at 2Mbps, the cumulative effect also occurred.
4.3 Extreme CPC settings
One proposal to reduce the impact from the DPCCH bursts lays in decreasing the average DPCCH load due to unscheduled users by using extreme CPC settings. That is, making use of the longest DTX cycle (320 ms) and the smallest DPCCH burst (1 subframe + preambles and postambles) currently allowed by 3GPP.  

4.3.1 Alternating data and DPCCH bursts with 20ms data bursts (5Mbps)

The transmission pattern for the above described extreme CPC setting is shown in Figure 8, which was evaluated for the TU3 and VA30 channel models as it is shown in Figure 9 and Figure 10 respectively. 
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Figure 8. Transmission pattern for extreme CPC setting with alternating 20ms data and 2ms DPCCH bursts.
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Figure 9. Impact of interference on DPCCH bursts for extreme CPC setting under the TU3 channel model: Alternating data and DPCCH bursts at 5Mbps transmissions. 
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Figure 10. Impact of interference on DPCCH bursts for extreme CPC setting under the VA30 channel model: Alternating data and DPCCH bursts at 5Mbps transmissions. 
Observation:
When there is a multipath diversity gain given by more dispersive channels than the PA3 channel model, it is observable that the specific scenario of considering an extreme CPC setting gets degraded for a CPC user around 0.5dB compared to lean carrier when the TU3 channel is in use, and that when the VA30 channel model enters into consideration then the lean carrier case and CPC perform quite similar. However, as it was highlighted in [5], the fact of having a 10-TTI data burst doesn't fit the behaviour of a smart phone traffic which is characterized by having only a couple of data bursts every time a user transmits, and which according to [5] deteriorates the performance of the so called extreme CPC setting.
5 Conclusion

Link simulations results involving the TU3 and VA30 channel models were performed for various scenarios aiming at comparing the performance of the baseline CPC and the Lean carrier proposal.  In this regard, from what was captured from the simulations the following aspects can be highlighted:

· When more dispersive channel models were taken into consideration, the trends observed before for the case of the PA3 channel model remained present. Although in some cases the gains were slightly less significant due that lower data rates were used for this set of simulations, the impact of DPCCH burst on data, the degradation when data interfere a single burst, and the cumulative loss of performance when more than one burst gets hit by data, they were all observable for both the TU3 and VA30 channel models.
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