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1 Introduction

This contribution addresses action item 2 to RAN1, as requested by RAN2 in [1]:
“RAN2 would kindly ask RAN1 to provide RAN2 with an estimate of the camping times in CELL_FACH that would benefit from a measurement reporting update mechanism.”
In this contribution, we reexamine results obtained in the previous meeting to arrive at a more meaningful answer regarding the nature of the measurement and its reporting rate.  
2 Background
The use of HSDPA in Enhanced Cell-FACH was recently approved as a way forward, in order to address the user/control plane latency problems and to increase the available peak rate for UEs in Cell_FACH. Previous contributions have shown the merit of channel quality feedback. As discussed in [5], it is proposed that this channel quality feedback be provided using the existing “Measured Results on RACH” mechanism. 

The “Measured Results on RACH” procedure is designed to provide limited feedback information to the UTRAN regarding the current state of the downlink. The procedure can be configured by the network to provide CPICH RSCP, CPICH Ec/No (which includes RSCP and RSSI) or Pathloss (defined as the difference between Primary CPICH Tx power and the CPICH RSCP). 
It is also worthwhile to note that the reporting of the channel quality information is not triggered by changes in the UE channel conditions. Rather, these measurements are piggybacked on the transmission of a select number of RRC messages that are unpredictably or infrequently sent (e.g. CELL UPDATE). In the case of long stay in cell-FACH, the lack of feedback may lead to a decrease in downlink efficiency, as the scheduler will have to be conservative. 

Additional information on the Measured Results on RACH is provided in Appendix 1. 

3 Simulations
The analyses presented in [3] and [4] provide pen-and-paper techniques to gauge the reporting rate necessary to support HSDPA in Enhanced Cell_FACH by addressing the rate at which a UEs CPICH RSCP changes by (3dB. The analysis in [3] only considered pathloss while that in [4] extended those results to include different micro environments and shadowing. These analyses however have arbitrarily assumed a (3dB reporting threshold.  In the simulation below we examine the validity of that assumption alongside the exact nature of the metric. In order to address these 2 issues, we have considered a macro-cell environment with inter-site distance of 1000m and pedestrian and vehicular (30km/h) speeds. Detailed simulation parameters are presented Appendix 2.
3.1 Metric Correlation

We evaluate the correlation between the RSCP and a more CQI-like measure which takes into account the receiver capability. Thus for a type 2 or 3 receiver it would include the effect of the inter-cell interference and thermal noise only. Figure 1 shows the correlation between these two metrics across multiple cells. As expected, a strong correlation between these 2 metrics exists near the base station but not at cell edge where the measurements are practically uncorrelated. 
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a) Vehicle Speed: 30 km/hr







b) Vehicle Speed: 3 km/hr

Figure 1: Correlation between RSCP Measure and CQI-like Measure (Across cells)

3.2 Reporting Rate vs Threshold

Given both measures, an attempt was made to study the reporting rate required to support different reporting threshold values. 
For both measures, we have plotted the average and the 99% quantile reporting rate for various values of threshold. The results are plotted in Figure 2 and Figure 3 for pedestrian as well as vehicular cases. We can make the following conclusions:

1. For a given threshold, the reporting rate for the CQI-like measure is only slightly higher than the RSCP measure.
2. The reporting rate for the 99th percentile is 2-3 times higher than the average. For a 3 dB threshold, the average reporting rate for a RSCP measure is about 1 report/sec for both vehicular-30km/h and pedestrian 3km/h.

a. Results for the vehicular case match well the computed result in [4] (repeated in Table 1).

b. The simulation shows thaty the reporting rate for the pedestrian case is much higher than [4]. This is due to the fact that the simulation includes fast fading with 200-ms averaging, while [4] ignored fading. For slow moving mobiles fast fading is not completely averaged.
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Figure 2: Reporting Rate CQI-like Measure
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Figure 3: Reporting RSCP Measure

Table 1: Reporting Rates for different UE speeds and macro/micro Environments

	UE Speed [km/h]
	Macro Environment
	Micro Environment

	
	 (small)

[reports/sec]
	 (Med.) 

[reports/sec]
	 (large) 

[reports/sec]
	indoor

[reports/sec]
	 outdoor

[reports/sec]
	Outdoor (near base)
[reports/sec]
	 Outdoor average

[reports/sec]

	3
	0.11
	0.11
	0.10
	0.85
	0.40
	0.36
	0.38

	30
	1.15
	1.08
	1.05
	0
	4.04
	3.63
	3.83

	60
	2.31
	2.16
	2.10
	0
	0
	0
	0

	120
	4.63
	4.31
	4.21
	0
	0
	0
	0


3.3 Downlink Throughput
An effort was also made to study the effect of the reporting metric (RSCP or CQI-like) on the downlink throughput. The channel quality information is provided to the UTRAN initially at the start of a call, and subsequently updated every time that the averaged (using a 200-ms averaging time) metric changes by (3dB. The call time is a fixed 3-sec interval and a full buffer has been assumed. Repeat ARQ was simulated, (with chase combining) with each transport block repeated 3 times and target BLER of 10%. See simulation parameters in the appendix.
Figure 4 shows the cumulative density function (CDF) of the downlink throughput for both channel quality metrics. Average throughput using RSCP measure is ~275 kbps, as compared to 425 kbps for the CQI-like measure. We also see that there is very little difference caused by updating the CQI measurement over the length of the call.
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Figure 4: Downlink Throughput

4 Discussion

We have seen that 3km/h and 30km/h reporting rate as a function of the threshold is very similar. We have also shown that updates do not significantly change the throughput. Combining these results, we get: 
1) A low threshold as has been assumed in [3, 4] is not necessary for mobile speeds of 3 or 30km/h. As a result, a measurement should stay valid for up to a few seconds.

We have also shown that CQI and RSCP measurements are uncorrelated and that CQI results in much better performance. While we have not simulated Ec/No, it is reasonable that for UE's with CLE receivers Ec/No performance will be degraded relative to that with CQI but still better than RSCP alone.  Therefore: 

2) The reported measurement should include signal strength and interference and should take into account UE capabilities.
It should also be noted that usage of Ec/No requires adding RSSI measurement in Cell_FACH.
5 Proposal
We propose to include the following in an answer to the RAN-2 LS in [1]:
1) RAN-1 assumes that an appropriate initial measurement is reported to the network upon entering Cell_FACH state. 
2) RAN-1 has concluded that for slow and medium speed UE's the initial measurement is sufficient if time in Cell_FACH state is limited to a few seconds or less. RAN-1 has not evaluated fast moving UE's.
3) RAN-1 has also concluded that a significant increase in average downlink throughput gain can be achieved if a CQI-like measurement, which takes into account UE capabilities, is used instead of RSCP. Reporting rate is not affected by the choice of measurement. 
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7 Appendix 1: Measured Results on RACH
The Measured Results on RACH mechanism is controlled by the network, which broadcasts, as part of its system information in SIB11 and SIB12, the IE "Intra-frequency reporting quantity for RACH Reporting". This IE tells all UEs in the cell the quantity to measure. The choices are highlighted in Table 1, along with the granularity of the reported quantity and the length of the coded information sent to the UTRAN [6]

 REF _Ref162079632 \n \h 
 \* MERGEFORMAT [8].
Table 1: Measured Results on RACH Reported Quantities

	Quantity
	Definition

Determined by/from
	Granularity
	Size of Coded Information

	CPICH RSCP
	Received signal code power measured on the Primary CPICH 

Measured by PHY layer
	-120 to -25 dBm (in steps 1 dBm)
	7

	CPICH Ec/No
	Received energy per chip divided by the power density in the band. It is calculated as:

CPICH Ec/No = CPICH RSCP/UTRA Carrier RSSI

Where UTRA Carrier RSSI is “the received wide band power, including thermal noise and noise generated in the receiver, within the bandwidth defined by the receiver pulse shaping filter.” [6]
Measured by PHY layer 
	-24 dB to 0 dB (in steps of 0.5 dB)
	6

	Pathloss 


	Pathloss in dB = Primary CPICH Tx power - CPICH RSCP.

Where Primary CPICH Tx power is found in the IE "Primary CPICH Tx power", and CPICH RSCP is as measured in PHY layer
	46 to 158 dB 

(in steps of 1 dB)
	7

	No report


	
	
	0


If so configured, a UE takes the appropriate measurements and reports these to the higher layers (RRC). In Cell_FACH state, the base measurement period is defined as 200 msec, but this can be higher if a FACH Measurement Occasion is configured for monitoring Inter-frequency and Inter-RAT cells. The absolute accuracy of the measurement is defined to be +/- 6 dB for the current cell.  

The information is sent to higher layers to be included in the IE "Measured results on RACH", in a number of RRC messages – namely, 

CELL UPDATE, 







RRC CONNECTION REQUEST

INITIAL DIRECT TRANSFER,  



UPLINK DIRECT TRANSFER

MEASUREMENT REPORT

Unlike the majority of other measurements and quantities available at the RRC, those carried in the IE "Measured results on RACH" can not be filtered by the RRC prior to transmission. 

8 Appendix 2: Simulation Parameters

The simulation parameters are detailed in the following table:
	Parameter
	Value

	Cellular layout
	Hexagonal cell grid (wrap around) 

· 12 Cells

· 1 km inter-site distance

	Channel Model (for dynamic simulations)
	VA3

	Std. deviation of slow fading
	8 dB 

	Correlation distance of slow fading
	50 m 

	Total Node B Power
	20 W

	Maximum HS-DSCH Power
	12 W 

	UE Speed
	3 km/hr and 30 km/hr

	UE Category
	Category 6

	UL Feedback Channel
	Error Free

	UE HS-SCCH Receiver
	Error Free

	UE HS-DSCH Receiver
	Type 2 

	Number of HS-PDSCHs
	5

	Number of HS-SCCHs
	1

	UL RACH delay
	Includes PRACH preamble acquisition and RACH message transmission

	RNC to Node B delay
	13 msec

	Traffic profile
	Full Buffer Model

	HARQ Mode
	Chase Combining

Repeat ARQ

· Number of fixed retransmissions = 3

	MAC-HS PDU Size
	Selected to target a 10% Hybrid-ARQ BLER

	HSDPA Scheduler
	TDM, Proportional Fair

· Fairness Exponent  = 0.75
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