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1. Introduction

In RAN1#73 meeting, some conclusions on FEUL rate adaptation have been made as follows [1]:
· Both 2-loop and 3-loop schemes to be evaluated further with common simulation assumptions.

· Investigation of DPCCH SNR problem or lack thereof of the 2-loop scheme should be studied

· SHO operation with RNC control may be considered further

In this contribution, we provide a simplified 2-loop scheme and evaluate all the schemes based on the agreed link simulation assumptions as in [4].
2. Scheme description
As discussed in [2][3][4], two schemes (called 2-loop and 3-loop schemes) are proposed, which can be summarized as follows:

· 2-loop scheme [2]
There are 2 loops to control constant total received power and data BLER. In the scheme, one loop tracks the required the DPCCH (or the total) received power level and the other loop using SD controls the margin applied for E-TFC selection in order to guarantee the required BLER.
· 3-loop scheme [3]
There are 3 loops to control constant total received power, data BLER and DPCCH SINR. In this scheme, in addition to the 2-loop mentioned above, one additional loop is the legacy ILPC to track DPCCH SINR.
The enhanced rate adaptation mechanism targets at stable RoT by means of controlling the total received power instead of DPCCH SINR via ILPC loop, and stable data BLER by means of sending SD at TTI level to adjust the margin applied for E-TFC selection. In the 3-loop scheme, DPCCH SINR loop is still kept to ensure DPCCH decoding quality. 
In fact, there may be some other simplified schemes to meet the targets of stable RoT and data BLER. One solution is that we change the legacy uplink scheduling procedures slightly by controlling DPCCH SNR instead of DPCCH SINR via ILPC to ensure RoT, while keep the legacy E-AGCH and OLPC to ensure BLER. The usage of DPCCH SNR is aimed at solving non-linear proportionality of SINR and Tx power, which is the key motivation for the rate adaptation [6]. As result, the total received power (RoT) is kept to a constant value by controlling DPCCH. The legacy E-TFC selection procedure is not touched, where E-AGCH can be sent to change E-TFC used by the UE in case OLPC concludes BLER target is not met.
The proposed simplified solution is a small modification of the legacy implementation and can be seen in the scope of 2-loop scheme. 
We describe the proposed the modified 2-loop scheme as follows:
· Modified 2-loop scheme (Figure 1)
There are 2 loops similar as the legacy ILPC and OLPC. The difference is that the DPCCH SNR is the target for the ILPC. In the scheme, the required received power level is controlled by the DPCCH received power (ILPC), and OLPC instructs NodeB to adjust E-TFC selection by signaling T2P dynamically to meet the instantaneous channel conditions to reach the required BLER.
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Figure 1 the modified 2-loop scheme
3. Simulation assumptions
The link simulation assumptions for uplink rate adaptation are shown in Table 1 and Table 2[4]. We add the modified 2-loop scheme into Table 2, highlighted by red color.
Table 1: Link level simulation assumptions
	Parameter
	Value

	Transmission modes
	SIMO

	Physical channels
	DPCCH, E-DPCCH, E-DPDCH 

	ΔT2TP [dB]
	10

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16-QAM

	TBS [bits]
	Variable: 120 – 22995 bits

	H-ARQ operating point
	10% BLER after the 1st transmission attempt

	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)

	Power control measurements
	Ideal

	Searcher (finger placement)
	Ideal

	Channel estimation
	realistic

	E-DPCCH decoding
	Ideal

	Target RoT [dB]
	5, 7.5, 10, 12.5, 15, 17.5, 20

	Propagation channel
	PA3, VA3, VA30

	Correlation of channel realizations between different RX antennas
	0

	Number of H-ARQ Processes
	8

	Maximum number of H-ARQ Transmissions
	4

	ILPC and OLPC
	see Table 2

	ILPC 1 Update Rate [slots]
	1*

	ILPC 1 Step Size [dB]
	±1*

	ILPC 1 delay [slots]
	2*

	ILPC 2 Update Rate [slots]
	1*

	ILPC 2 Step Size [dB]
	±1*

	ILPC 2 delay [slots]
	2*

	SD Update Rate [TTI]
	1*

	SD delay [TTI]
	5*

	SD update based on
	SINR difference or BLER

	Feedback error rate on control loops
	optional


Table 2: Overview of power control and scheduling schemes
	Power control and scheduling (E-TFCI selection)  scheme
	DPCCH SIR control loop
(ILPC 1)
	Total RX power control loop
(ILPC 2)
	Rate adaptation (SD) control loop
	OLPC for BLER control
	Scheduling grant calculation

	Baseline
	Yes
	No
	No
	Yes
	Every 2ms

	2-loop scheme [2]
	No
	Yes
	Yes
	N/A
	Only initially (in link simulations)

	3-loop scheme [3]
	Yes
	Yes
	Yes
	N/A
	Only initially (in link simulations)

	Modified 2-loop scheme
	No
	Yes
	No
	Yes
	As legacy


4. Simulation results
The results are shown in Figure 2 and Figure 3, in which all the schemes for rate adaptation have very similar performance, except for a little bit difference in the PA3. We analyze the three schemes as follows in details.
· 3-loop scheme [3]
The performance is between the other two schemes, but the modification of specifications seems complicated due to a large number of loops. In this scheme, E-AGCH is assumed to be sent just initially, while the SD will take the place of AGs. Since SD is assumed to be sent every TTI while E-AGCH is assumed to be sent in a few TTIs in legacy, SD signalling consumption would be higher than legacy E-AGCH. 
· 2-loop scheme [2]
The performance is the best among all the schemes and the main modification is the introduction of SD, but the throughput gain over other schemes is marginal. Similarly, the issue of AG mentioned in the 3-loop scheme may also exist in this scheme. It is worthy noting that if received DPCCH SIR becomes too poor for detection due to change of interference, we may need to adjust the ratio of E-DPDCH and DPCCH by sending additional E-AGCH.
· Modified 2-loop scheme
The proposed scheme still gets good performance similar to the 2-loop scheme in [2]. The advantage of this scheme are that it reuses the legacy implementation as much as possible and the issue of AG mentioned in the 3-loop and 2-loop schemes would be avoided because of signaling AG and OLPC in the proposed scheme.
A summary of the evaluation of rate adaptation schemes can be found in Table 2.
Table 3: Evaluation of rate adaptation schemes
	Power control and scheduling (E-TFCI selection)  scheme
	Throughput Performance
	RoT Performance
	Signalling Overhead
	Implementation Change

	2-loop scheme [2]
	Good
	Good
	Medium
	Medium

	3-loop scheme [3]
	Good
	Good
	High
	High

	Modified 2-loop scheme
	Good
	Good
	Low
	Low (No UE change, Only network implementation change is needed)


Based on the results and analysis above, we propose:
Proposal 1: The description of the 2 loop scheme in the TR should be generalized to support other 2-loop implementations.
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Figure 2 the throughputs of three schemes compared with baseline 
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Figure 3 RoT of rate adaptation schemes compared with baseline
5. Conclusion
In this contribution, we propose a modified 2-loop scheme and evaluate all the schemes based on the agreed link simulation assumptions. From the simulation results and analysis, all the schemes for rate adaptation have very similar performance in terms of throughput and RoT, while the modified 2-loop scheme has the advantages of low signaling overhead and low implementation/specification change.
It is proposed:
Proposal 1: The description of the 2 loop scheme in the TR should be generalized to support other 2-loop implementations.
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