TSG-RAN Working Group 2 #48bis                                                 R2-052485
10th – 14th October 2005

Cannes, France
Agenda item:
12
Source: 
NEC
Title: 
Relative grant control at small payload size 

Document for:
Discussion and Approval
1. Introduction
During previous RAN2 meetings, a problem of relative grant control at small payload size was identified and a solution was provided [1] [2]. During the London meeting, our preference is to use AGCH in order to solve the problem of RG control at small payload sizes. The rational behind was that the problem occurs when the node B scheduler wants to increase of UE’s data rate from small payload sizes. Hence our view was to use the already existing mechanism to solve such a problem. However there are still views to solve the lately found problem of RG control. In this contribution, we re-examine the problem and then propose a simple solution. Then we compare the system-wise complexity between two solutions.
2. Fall-back problem of RG control at small payload size

Firstly we re-investigated the reason for RG control problem at small payload size. As illustrated in the following Figure 1, when UE receives UP command and increases SG, the E-TFC corresponding to increased SG still cannot accommodate 2 RLC PDU. Therefore E-TFC selection chooses the smallest E-TFC same as the original value of E-TFC which can contain only 1 RLC PDU. When 2nd UP command is received, UE will increase SG based on E-TFC (carried 1 PDU) and the increased SG still cannot accommodate 2 RLC PDU, we refer this behaviour as fall-back. For any of next incoming UP commands, UE will repeat this up and fall-back procedure.


[image: image1]
Figure 1: Illustration of Fall-back Problem at Small Payload Sizes
Then if we look at the change of the serving grant at reception of each UP command (see following table 1), we can see that the 1st UP command increased the SG while 2nd and 3rd UP commands failed due to so. In fact, the SG before and after 2nd and 3rd UP commands are equal to each other hence this can be considered as condition when the UP is blocked by the fall-back problem.

	
	1st UP command
	2nd UP command
	3rd UP command

	SG before update
	n
	n+1
	n+1

	SG after update
= SGLUPR + 1
	n+1
	n+1
	n+1

	SG identical before and after update
	NO
	YES
	YES


Table 1: Detection of Fall-back condition
3. Proposed solution: Fall-back counting
In this section, we explain our preferred solution for fall-back problem of RG control at small payload size. 

The figure below illustrates the concept of our preferred solution using the same scenario as previous section. Here, it is proposed to modify current SG update procedure such that 

· UE detects the fall back when it receives UP command and
· UE sets SG as sum of SGLUPR + 1 and the number of previously detected fall back (FBC).

The condition for detecting a fall-back is 

· SG without the fall back adjustment is equal to SGLUPR + 1 (i.e. fall-back point)
Note that the above condition is derived from the table 1 of previous section. 
Having the proposed fall-back counting SG update, it is now possible to increase the SG at the 2nd and 3rd UP commands as shown in the following table 2.
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Figure 2: Illustration of Modified SG update procedure 
	Step
	Description
	1st UP command
	2nd UP command
	3rd UP command

	1
	SG before update
	n
	n+1
	n+1

	2
	Fall-back counter (FBC)
	0
	0
	1

	3
	SG after update

= SGLUPR + 1 + FBC
	n+1
	n+1
	n+1

	4
	SG before and after equal?

Increase FBC
	NO

0
	YES

1
	YES

2

	5
	Updated SG = SGLUPR + 1 + FBC

	n+1
	n+2
	n+3


Table 2: Example of Fall-back counting SG update
4. Discussion of Variable Step Size proposal
The following figure illustrates the proposed solution in [1] and [2]. From the link level performance of E-DPDCH, we obtained several sets of BLER curves with variable transport block size. From this set of BLER curves, the contribution [1] calculated the required increase of transmission power from TBS equal to one RLC block to TBS equal to two RLC blocks. Then it is shown that more than 1 dB step size is required for several cases as illustrated in the figure, hence the variable step size as dependent to the serving grant power offset has been proposed as a solution. 
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Figure 3: Illustration of Variable Step Sizes and Multiple Thresholds
In the following, we discuss the complexity introduced by the solution proposed in [1] and [2]. 
HARQ Profile and setting of thresholds

When a logical channel is transmitted, currently a specific HARQ profile is applied, i.e. a higher or lower transmission power can be set in order to control the QoS of the corresponding logical channel. When the thresholds of variable step size are defined in SG domain, then it is not clear how the HARQ profile impact can be considered for the setting thresholds of variable step sizes. The Figure 4 illustrates a scenario when a threshold of variable step size is set for the normal HARQ profile (e.g. 0 dB HARQ power offset). Then when a high powered logical channel is served, it can be seen that the fall-back problem occurs due to incorrect setting of thresholds. Therefore we see the impact on SRNC, node B and UE such that

· SRNC should consider the HARQ profile of logical channel when it decides the threshold of variable step size. Failure to set suitable thresholds results in RG control scheduling failure. SRNC has to calculate the suitable thresholds for every UE depending on its HARQ profile. 
· Node B should consider the thresholds and variable step sizes in order to calculate how much additional interference will be caused by the UE. Node B has to deal with the user-specific threshold when determining the total RoT portion.
· UE has to consider the configurable threshold when it updates the SG.

Meanwhile, the proposed fall-back counting solution does not require a handling for distinctive HARQ profile since its operation is independent from HARQ profile. 
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Figure 4: Illustration of setting threshold for distinctive HARQ profile
RLC PDU size and setting of thresholds
Likewise HARQ profile, the optimum threshold depends on the size of RLC PDU. This point was also mentioned in [2] and hence the configurable threshold has been proposed as a consequence.
Therefore, likewise HARQ profile, we see the impact on SRNC, node B and UE such that

· SRNC should consider the RLC size of logical channel when it decides the threshold of variable step size. Failure to set suitable thresholds results in RG control scheduling failure.

· Node B should consider the thresholds and variable step sizes in order to calculate how much additional interference will be caused by the UE. Node B has to deal with the user-specific threshold when determining the total RoT portion. 
· UE has to consider the configurable threshold when it updates the SG.
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Figure 5 Dependency of threshold on RLC PDU sizes. Sourced from [1]
Meanwhile, the proposed fall-back counting solution does not require special handling for distinctive RLC PDU sizes since its operation is independent from RLC PDU sizes.

QoS control, channel environment and setting of thresholds
During data transmission, the SRNC receives the number of retransmission per MAC-es PDU from node B. Based on these measurements; SRNC could reconfigure the HARQ power offset in order to meet the QoS of each logical channel. 

Therefore we see the impact on SRNC, node B and UE such that

· When SRNC adjusts QoS of logical channel, it has to re-calculate the suitable thresholds for variable step size. Failure to set suitable thresholds results in RG control scheduling failure.

· Node B should be informed of the change of thresholds when SRNC adjust QoS of logical channel. Then it has to update the change of threshold in order to calculate how much additional interference will be caused by the UE.

· UE has to be updated the new configurable threshold when HARQ profile of logical channel is reconfigured.

Meanwhile, the proposed fall-back counting solution does not require special handling for distinctive HARQ profile since its operation is independent from HARQ profile.
Setting of thresholds for multiple logical channels with distinctive RLC PDU size and HARQ profile 
For HSUPA, variety of services can be served by support of multiple logical channels. Each logical channel could have an arbitrary HARQ profile and RLC PDU size depending on the requirement of service. Then it is not so simple for SRNC to find out appropriate thresholds which are suitable for all configured logical channels. In order to avoid fall-back problem, SRNC may have to 

· find out suitable thresholds for each logical channels and

· select the highest threshold 

which then results in excessive step size for the rest of logical channels.  
Therefore we see the impact on SRNC, node B and UE such that

· SRNC has to find somehow suitable thresholds for all the logical channels configured for the given UE based on HARQ profile and RLC size of all the logical channels.
· Node B would have an excessive RG step size if selected threshold is chosen high to support all logical channels.
Meanwhile, the fall-back counting solution is independent from RLC size and HARQ profile, hence 1 dB step size can be maintained for controlling UE with multiple logical channels. 
Impact on large step size in false UP case
In general, an increased step size for E-DPDCH power offset causes the higher instability of uplink interference. During previous RAN2 meeting, several error protection schemes has been adopted in order to deal with the false alarm ratio of E-RGCH. Since the current target alarm ratio of false UP is 5e-2, this implies UE will autonomously increases SG every 40ms (2 ms TTI) or 200ms (10ms TTI). 
· For cell edge UE transmitting 1 or 2 RLC PDU per 10 ms TTI due to large path-loss, this implies that the 3 dB step size will double the interference of cell edge UE at every 40 or 200 ms. 
· For cell centre UE whose 3 dB threshold is set sufficiently high, the RoT overshooting is expected due to false UP.

Meanwhile, in the same situation of false UP case, UE implementing the proposed fall-back counting solution will increase its interference if 

· 3 consecutive false UP case occurs and
· no false DOWN case occurs in-between the 3 consecutive false UP case.

5. Conclusion

In this contribution, we re-examined the problem of RG control at small payload size. Then we proposed a simple fall-back counting solution. The comparison of variable step size method is also given which is summarized in the following table. We propose the fall back counting method as way-forward due to the merits of its system wise simplicity and robustness to RoT overshoot.

	
	Variable step size method
	Fall-back detection method

	Special SRNC handling needed for each HARQ profile
	○
	×

	Special SRNC handling needed for each RLC PDU size
	○
	×

	Special SRNC handling needed when QoS profile is reconfigured
	○
	×

	Special Node B handling when it sends RG command
	○
	×

	Excessive RG control step size when multiple logical channels are configured.
	○
	×

	Impact on RoT overshoot due to false UP 
	○
	×

	change current SG update 
	○
	○


6. Reference
[1] R2-051444 RGCH Step Sizes, Qualcomm, May 2005

[2] R2-051921 E-DCH E-RGCH UP/DOWN step sizes, Samsung, August 2005
…





1 dB region





2 dB region





3 dB region





1 PDU   2 PDU    3 PDU 4 PDU　　 …





1.24





1.74





2.95





BLER





PO = SG





T1





T2





1 dB region





2 dB region





3 dB region





Increased HARQ profile





Normal HARQ profile





…





1 PDU       2 PDU    3 PDU    4 PDU





1.24





1.74





2.95





PO = SG





…





1 PDU       2 PDU    3 PDU    4 PDU





1.24





1.74





2.95





1 dB region





2 dB region





3 dB region





BLER





PO = SG











SG Index Table





Fall back detected?


FBC++








SG = n+3 (2 PDU)








SG = n+2 (1 PDU)








SG = n-1 (0 PDU)








SG = n (1 PDU)








SG = n+1 (1 PDU)





SG = 


1+SGLUPR


+ FBC








Fall-Back











Fall back not detected?


Reset FBC





SG Index Table





E-TFC Selection finds


Smallest E-TFC can carry 


an integer number of 


RLC PDU hence


SGLUPR = E-TFC(1PDU) 








SG = n+3 (2 PDU)








SG = n+2 (1 PDU)








SG = n-1 (0 PDU)








SG = n (1 PDU)








SG = n+1 (1 PDU)








UP command


SG= 1+SGLUPR











