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1. Introduction

This document is a RAN1 submission for information on Nokia RAN4 contribution and it is submitted to RAN1 in order to provide additional information to the UPH measurement definition discussion.

In this contribution we present simulation results for different filter schemes of the remaining power estimation used in E-TFC selection, UE delays and UE power headroom reporting used in E-DCH scheduling. We also discuss impacts of different practical imperfections in the UE power headroom reporting and E-TFC selection measurements that should be considered when setting UE performance requirements.

2. Simulation results

In this section we investigate the impact of different remaining power and power headroom filtering lengths and UE delays on the E-DCH system performance. 

Proportional Fair Scheduler with scheduling delay of 17 slots has been simulated as it is expected to be more sensitive to different filtering schemes and delays than Round Robin scheduler, which does not utilise fast channel dependent scheduling between the users. For the same reason 2 ms TTI was selected for the simulations. Additionally, the number of transmissions is limited to two (i.e. only 1 retransmission is allowed). In case of fast channel sensitive scheduling the remaining power estimation and power headroom measurement is expected to provide a rather good estimate for the first transmission but due to additional delays in the retransmissions the applicability of the measurements is getting worse. By limiting the number of transmissions to two we should be able to concentrate the studies on filtering and delays impacts.

In the simulations we have used the following remaining power estimation method. The remaining power estimate of each E-TFC is then compared to the corresponding target power margin to find out whether a E-TFC can be supported and thereby used in the next transmission. 

Remaining power estimate of a given TFC =( PMax E-DCH - PDPCCH - PDPDCH- PHS-DPCCH- PE-DPCCH )/ PDPCCH , 

where

PMax E-DCH = = MIN(Maximum allowed UE transmit power based on the latest absolute and relative grants, PMAX - E-TFC MPR needed for the given E-TFC) 

PMAX is the maximum UE Tx power based on UE class 
Maximum allowed UE transmit power based on the latest absolute and relative grants - E-TFC MPR needed for the given E-TFC

PDPCCH = estimated DPCCH transmit power

PDPDCH  =  DPDCH transmit power, but in the simulations DPDCH was not active 

PHS-DPCCH = HS-DPCCH transmit power (continuous transmission with the same beta factor)

PE-DPCCH = E-DPCCH transmit power (the same beta factor in the simulations)

In the simulations the filtering for the remaining power estimation was performed by averaging DPCCH power as it is less sensitive to bit rate changes on E-DPDCH (and DPDCH). The filtering scheme was selected based on some initial simulations, which provided better performance with DPCCH filter than a filter where remaining power estimates were directly averaged. The same filtering scheme is used for the remaining power estimation and power headroom reporting to the network including UE Tx power reduction. This means rather ideal situation for the network scheduling. 
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Figure 2 Cell Throughput as function of delay in E-TFC selection for different filtering lengths in remaining power estimation and power headroom measurements.

Figure 2 shows that the Pedestrian A 3km/h channel condition, which has nearly no diversity, is more sensitive to different UE delays in E-TFC selection than Vehicular A 30 km/h or Vehicular A 120 km/h. The clearest effect can be seen when no additional filtering is included to the remaining power and power headroom measurements. We can also see from the results that even in the Pedestrian A 3km/h conditions delay has less impact on the cell throughput longer the E-TFC selection and power headroom filtering lengths are. In the Vehicular A 30 km/h and Vehicular A 120 km/h the cell throughput does not vary much as function of UE processing delays in E-TFC selection. These cell throughput results also indicate that the best system performance could be achieved if it was possible to utilise the fast fading characteristics of the radio conditions in the scheduling (i.e. to schedule the user when radio conditions are good for that particular UE). Unfortunately the results also indicate that in order to benefit from rapidly changing radio conditions UE should not use nearly any filtering in remaining power and power headroom measurements. Additionally radio conditions should vary rather slowly as significant gains can only be seen in the Pedestrian A 3km/h channel conditions. 

Figure 3 presents the same cell throughput results as in Figure 2 but this time as function of the filter length of the remaining power estimation and power headroom measurements. Again we can see a similar trend as in Figure 2 that the filtering length and UE delay have clearly more effect on the cell throughput in Pedestrian A 3 km/h than in Vehicular A 30 km/h and Vehicular A 120 km/h. Pedestrian A 3km/h does not provide the same level of diversity in terms of multipaths. Additionally time diversity is rather low with short TTI length (2ms) and slow UE speed. Similarly as longer delay also longer filtering length reduces cell throughput in the Pedestrian A 3 km/h channel conditions where the scheduler could potentially benefit from fast channel sensitive scheduling. The results also show that even in case of 2 ms TTI the cell throughput does not vary much between 2 ms and 10 ms filtering lengths as the cell throughput is expected be limited by scheduling delay (11.3 ms).
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Figure 3 Cell Throughput as function of filtering length in remaining power estimation and power headroom measurement for different delays.

3. Discussion

The simulation results shown in the previous section indicate that fast channel dependent scheduling provides gains to the E-DCH system only with very slow UE speeds (and particularly when channel does no provide much diversity itself). Furthermore, these gains are only visible if very short or basically no filtering is applied both to the remaining power estimation and power headroom reporting. Since in the simulations HS-DPCCH transmission is continuous and there is no DPDCH transmission, the results are rather idealistic for channel dependent scheduling. However, in reality HS-DPCCH is not continuous and therefore it is likely to cause additional uncertainty to the remaining power estimation and power headroom reporting. The performance of the channel dependent scheduling is limited by scheduling delay, which was rather optimistic in these simulations as these simulations investigated the impact of UE measurements and delays. 

In the simulations UE Tx power reduction was considered both in the remaining power estimation and power headroom reporting. Although no simulations were performed without the UE Tx power reduction in these two measurements, the results and our investigations also suggest that the inclusion of the UE Tx power reduction to the measurements only has some impact on the system performance when the filtering lengths in the remaining power estimation and power headroom reporting are short and the scheduler is able to provide channel dependent scheduling. Furthermore, even then it seems that it is more important to consider some level UE Tx power reduction in the E-TFC selection than in the power headroom reporting. If the network limits its scheduling grants too much e.g. due to expected UE TX power reduction, the system is not likely to fully benefit from the channel dependent scheduling as the UE may not be able to transmit as large packets as it could although it is in good radio conditions. If the filtering length of the remaining power estimation and power headroom reporting is a bit longer (longer than ~10 ms for 2 ms TTI), the inclusion of the UE Tx power reduction to the measurements is not expected to have much effect on the results as in most cases the UE is expected to need its maximum UE Tx power when transmitting in bad channel conditions and longer filters only represent average channel conditions, which vary from slot to slot based on power control commands. Otherwise the UE would not really be able to follow slot-wise power control commands. 

4. Conclusions

Based on the simulation results shown in this document the length of remaining power and power headroom measurements seems to matter only in rather limited radio conditions, where the scheduler is really able to take fast changing radio conditions into account in its scheduling grants. For the same reason the length of UE processing delay does not seem to have much impact on the E-DCH system performance. These finding should be considered when setting performance requirements on the UE power headroom reporting and E-TFC selection. It could  also be discussed whether it is necessary to define a new measurement quantity for reporting as in most radio environments a long-term path loss estimate is expected to provide the most valuable information for the scheduler due to practical scheduling delays. Additionally, long-term path loss type of estimation could be achieved by other means in Node B. The only thing that would not be available in the network without a new power headroom measurement is potential UE Tx power reduction. However, the knowledge of UE Tx power reduction would only be meaningful for the scheduling decisions if the network were able to follow fast fading conditions and maximum power reduction was indicated separately for each E-TFC. Otherwise, the estimate for UE Tx power reduction would not represent the actual condition when the next scheduled E-DCH transmission takes place. Furthermore due to the fact that it would anyway be possible to consider only one UE Tx power reduction value in the power headroom reporting, the network would only have rather rough idea of the situation.

5. Annex: Simulation assumptions

	Parameter
	Values
	Comments

	Layout
	19 Node-Bs with 3 sectors each, wrap-around layout
	

	Traffic Model
	Full Buffer Model
	

	Scheduler
	Proportional Fair
	

	Inter site Distance
	2 km
	

	Pathloss model
	128.1+137.6log10(R)
	

	Slow Fading std
	8 dB


	

	Fast fading mode
	Pedestrian A 3km/h 

Vehicular A 30 km/h

Vehicular A 120 km/h
	

	Simulation duration
	200 s + 100 s warm-up
	

	TTI
	2ms
	

	Noise Rise target
	6 dB
	

	HARQ
	Max # of transmissions = 2

# of HARQ processes = 8
Ack/Nack errors = 0%
	

	Scheduling Delay
	17 slots
	2x3 slots for transmitting 2 ms TTI

2 slots for UL and DL UE processing delays

9 slots for UL and DL Node B processing delays 

	Maximum UE Tx power
	21 dBm
	

	Number of BS Rx antennas
	2
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E-DCH MCS for 2ms TTI:

	Transport Block Size
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	MPR [dB]

	128
	1
	12/15
	0.4722

	256
	1
	17/15
	0.6158

	512
	1
	21/15
	0.6642

	768
	1
	27/15
	0.6637

	1024
	1
	38/15
	0.4734

	2048
	1
	47/15
	0.2866
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