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1. Introduction
At RAN meeting #29 in Tallinn in September 2005, the new work item (WI) on “Continuous connectivity for packet data users” was approved ([1]).

During the study item (SI) phase at RAN1 meeting #42 in August/September 2005 in London, 3 different concepts were proposed for the topic of ‘Continuous connectivity for packet data users’:

· UL DPCCH slot format change from Philips [2]
· UL DPCCH gating from Nokia [3]
· SIR target lowering and CQI off from Siemens [4]
RAN1 concluded that these concepts are addressing the objectives of “Continuous connectivity for packet data users”. 
This document presents a text proposal for TR 25.903  “Continuous connectivity for packet data users” for the analysis section of the concept "SIR_target lowering/reduction".
2. Proposal

For decision: Introduction of the text proposal as described below into TR 25.903.
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4. Text proposal for 25.903

-----------------------------------------Start of text proposal for TR 25.903, section 4.3.2----------------------------------------
4.3.2 Analysis of the concept
4.3.2.1
Noise rise caused by UL DPCCH

The goal of this section is to assess the portion of the UL noise rise due to the UL DPCCH in typical E-DCH configurations.

The analysis is based on the recent E-DPDCH demodulation performance tests, introduced in RAN4 (see e.g. R4-050547). The results include the total receiver Ec/N0 (including DPCCH, E-DPDCH and E-DPCCH), required to achieve 70% of the maximum bit rate for a number of fixed reference channels (FRCs). This corresponds to BLER of 30%. 

Table z shows SIR target for UL DPCCH for each FRC and the value p which is the percentage of own cell noise rise which is caused by one user’s UL DPCCH. p is calculated for two usually considered RoT budgets: 3dB and 6dB, what corresponds to the 50% and 75% of the pole capacity.
The following can be observed:

· The tendency is for p to increase as throughput increases.

· The DPCCH uses between about 0.8% and 4.6% of the UL resources, depending on FRC and RoT budget.

	FRC#
	1
	2
	3
	4
	5
	6
	7

	max. bit rate [kbps]
	1353.0
	2706.0
	4059.0
	507.6
	979.8
	1959.6
	69.0

	results for 70% of max. bit rate (30% BLER)

	total Ec/N0 [dB]
	-4.7
	-1.5
	-0.2
	-9.7
	-7.3
	-4.4
	-18.1

	SIR_DPCCH [dB]
	9.7
	11.9
	12.8
	7.6
	7.4
	9.4
	1.2

	p [%] for 3dB noise rise
	3.72
	4.44
	4.62
	2.97
	2.56
	3.38
	0.78

	p [%] for 6dB noise rise
	2.48
	2.96
	3.08
	1.98
	1.70
	2.26
	0.52


Table z Numerical results for p (=UL noise rise percentage per UL DPCCH) and SIR target for different fixed reference channels (FRC), which are to be defined in TS 25.104.

4.3.2.2
Potential gain in terms of number of additional users & UL noise rise

The potential gain that can be achieved by a power reduction of the uplink control channels for inactive users can best be measured by the number of inactive user connections that can be maintained within a fixed fraction of the allowed noise rise. This fraction must be small, as it limits the resources available for user data transmission, but it also must be large enough to accommodate a sufficient number of temporarily inactive users that can be quickly scheduled when resources become free.
Example scenario: 5 active users and a control channel configuration with 1% of the max. allowed noise rise per UL DPCCH, plus 0.67% per HS-DPCCH at full CQI rate. These 5 active users will occupy 8.35% (= 5 x 1.67%) of the noise rise budget with their uplink control channels and thus, would have a maximum of 91.65% available for data traffic – if no inactive users were allowed.
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Figure x UL noise situation with the current standard (now) and with the proposed scheme assuming a limited UL noise for control (Ctrl) channels
In the reference scenario (see Figure x) it is assumed, that 20% of these traffic resources (i.e. 20% x 91,65% = 18.33% of the max. allowed noise rise) are reserved for uplink control channels of additional inactive users. This would allow for a maximum of 11 (18.33% / 1.67%) inactive users with CQI reporting per 2ms TTI.

By reducing the control channel power for these inactive users, a substantially larger number of inactive users can be supported with the same amount of resources, i.e. without degrading the maximum total throughput of the 5 active users. 
In case of an SIR target reduction by 6dB, the number of inactive users that can be supported within the given noise rise budget increases from 11 to 44, i.e. by a factor of 4. In a more conservative scenario – SIR target reduction by 4.5dB and a CQI reporting cycle of 4 TTIs – the number of inactive users can still be increased from 16 to 44, i.e. a gain factor of 2.75.

4.3.2.3
Reactivation Delay

Although the first transmission after reactivation is much faster with this concept than it would be considering an RRC state change, it includes a small reactivation delay compared to an always active user (note: Due to the UL noise rise limitation the number of the active users is limited.)

A simple analysis shows that this additional delay (before normal scheduling and transmission behavior of E-DCH or HS-DSCH applies) is well below 50 ms even in the worst case, when the extra retransmission is needed.

For downlink reactivation, the trigger message must be transmitted to the UE via HS-SCCH and the first CQI report must be received by the serving Node B. Assuming that the HS-SCCH is not operated at its load limit, the trigger message to the UE should be transmitted to the UE within a few TTI cycles (2ms HSDPA TTI). CQI reporting can then be restarted immediately, taking no longer than 10ms in total before the first downlink transmission can be scheduled.

The time for uplink reactivation comprises the transmission of the initial MAC-e PDU or E-DPCCH trigger signal, the transmission of the reactivation message on HS-SCCH, the power ramping to the original target SIR at the Node B, and the time for the first transmission (or retransmission) at the full power level.

In the worst case (10 ms EDCH TTI), the total delay is dominated by the HARQ cycle, which allows a retransmission only after 40 ms. The HS-SCCH signaling message and the subsequent power ramping takes only a few power control slots and will therefore be finished well before the retransmission time.

With the 2 ms EDCH TTI, the HARQ retransmission cycle is only 16 ms, thus the reactivation can be achieved much faster.

4.3.2.4
Signalling Load

Considering the L1 signalling approach:

· the HS-SCCH capacity of 500 messages per sec (1 every 2ms),

· the fact that a UE has to be able to read 4 HS-SCCHs in parallel,

· the case that one HS-SCCH message would be used for deactivation and a second HS-SCCH message would used for reactivation,

· an average inactivity period of 5sec (which is rather short),

even a high number of inactive users (e.g. 80) would have only a smaller impact on the HS-SCCH signalling load (80 x (2 msg/5sec)/(2000msg/sec) = 1,6%).

-----------------------------------------End of text proposal for TR 25.903, section 4.3.2-----------------------------------------
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