
page 7

3GPP TSG RAN2#48
    R2-051843
London, UK, 29 August - 2 September 2005
Agenda Item:
12.2
Source: 
Samsung, NTT DoCoMo
Title: 
Evaluation of the E-RGCH handling
Document for:
Discussion and decision

1. Introduction

During RAN2#47, concerns were expressed w.r.t. the current procedures for the serving RLS E-RGCH and the non-serving cell E-RGCH signalling. 
In this contribution we revisit the handling of the E-RGCH signalling and investigate whether any changes to the E-RGCH handling (and if so which) are necessary. Relevant evaluations based on system level simulation are enclosed in order to get a better view on the E-RGCH operation.
2. Current E-RGCH handling

The currently specified handling of the E-RGCH is relatively simple:

Serving RLS E-RGCH (see section 9.2.1 in [1]):

-
When the UE receives an “UP” from Serving E-DCH RLS:

-
New SG = Last used power ratio + Delta;

-
When the UE receives a “DOWN” from Serving E-DCH RLS:

-
New SG = Last used power ratio – Delta;


Non Serving cell E-RGCH (see section 9.2.2. in [1]):

· New SG = Last used power ratio – Delta;

In these formulas, the last used power ratio (LUPR) is referring to the LUPR in the concerning HARQ process.
3. Serving RLS E-RGCH
3.1. Last Used Power Ratio or Scheduling Grant (LUPR or SG) ?

One alternative to using the LUPR that was mentioned during RAN2#47 was to have the E-RGCH signalling impact the Scheduling Grant (SG) maintained by the UE. We think that using the LUPR has 2 significant advantages:

1) Tighter control
Using LUPR should save E-AGCH signalling when the UE has started to use a lower rate than granted, and thus allow immediate tight E-RGCH control on the amount of interference which is actually used by the UE. 
2) SG drifting
When in RAN1 a solution based on SG was discussed, the problem of error propagation (the UE increasing its SG without the Node-B knowing) was considered severe and proposals to address this resulted in considerable complexity (e.g. see R1-030709, R1-040606).

As a result, we think it is important to keep the LUPR as the reference for the serving cell E-RGCH handling.

3.2. Potential Issues from RAN2#47
During RAN2#47, two issues were identified with using the using the LUPR as a reference for serving RLS E-RGCH signalling:

1) High error percentage on serving cell E-RGCH (see ref [2]) could lead to frequent "E-AGCH loss".

2) High error percentage on the serving cell E-RGCH/ frequent usage of serving cell grant signalling could lead to frequent "non-serving cell E-RGCH loss"
Both issues were investigated with simulations.
4. Simulation results

4.1. Serving RLS E-RGCH error rate <-> Cell Throughput (Full buffer occupancy situation)
Figure 1 shows the cell throughput achieved at different measured RoT levels, for different E-RGCH error levels. Only E-DCH traffic is assumed to be present in the cells.
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Figure 1: Cell throughput performance with various E-RGCH error rates (full buffer)
In the simulation resulting in figure 1, full buffer occupancy of all involved UE’s was assumed. In case of continuous full buffer occupancy, the E-AGCH is rarely used since the buffer occupancy never really changes. As a result, figure 1 says very little about about throughput reduction due to “E-AGCH loss”. 
Figure 1 shows that serving RLS E-RGCH errors in case of full buffer occupancy, do not really impact the cell throughput: it does not really matter which UE gets a little bit higher or lower grant, the cell throughput will anyway remain roughly the same.

4.2. Serving RLS E-RGCH error rate <-> Loading error (Full buffer occupancy situation)
Frequent E-RGCH errors will impact the possibility to accurately keep the total load at the target load level.
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Figure 2: Load usage efficiency with various E-RGCH error rates (full buffer)
Figure 2 shows for different Target Load levels (different target levels of received energy over all interference including inter-cell, intra-cell interference and background noise) and different E-RGCH error levels, how much the average actual load is lower than the target load. Note that average deviation is always downward since UE’s at maximum power might not be able to execute an UP command. The “load error” is defined as (target load-measured load)/target load x 100. 

As can be seen in figure 2, when the E-RGCH error rate increases, the average actual load will start to deviate more from the target load.
4.3. Average packet delay <-> Serving RLS E-RGCH error rate (bursty data transmission)

Figure 3 shows the average delay experienced by bursty data traffic with different E-RGCH error rates. 
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Figure 3: Packet delay of NRTV traffic with various E-RGCH error rates
The actual delay improvement achieved with lower E-RGCH error rates is not that large (some 2%) in absolute terms. However if we want to obtain the same average packet delay reduction by increasing the available RoT resources, in some cases a 20% RoT target increase is required (e.g. compare the packet delay achieved with a zero E-RGCH error rate and 0.4 target load, with the packet delay achieved with a 5% E-RGCH error rate and 0.5 target load.
Ref[3] proposed to introduce the restriction that during the HARQ RTT after the E-AGCH has updated the SG, all the serving cell E-RGCH commands are ignored and can thus not update the SG. Figure 4 shows the resulting average packet delay for different E-RGCH error rates.
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Figure 4: Packet delay of NRTV traffic using the ref[3] restriction with various E-RGCH error rates
The difference in average packet delay between the error free case and the 5% error case is reduced significantly. Therefore we would like to support the proposal from ref.[3] and propose:
Proposal 1: 
After having received an E-AGCH grant with the primary E-RNTI, the UE shall ignore the serving RLS E-RGCH signalling during one HARQ RTT.
4.4 Impact of serving RLS E-RGCH errors on non-serving cell E-RGCH signalling
So far, 3 proposals have been made on how to handle the interaction between non-serving cell E-RGCH signalling and errors on the serving RLS E-RGCH signalling:

1) Basic
Take no specific action (erronuous serving RLS E-RGCH reception might result in loss of non-serving cell E-RGCH signalling) (see ref [5]).
2) 1 HARQ RTT W/O Multiple Down handling
When having received a non-serving cell E-RGCH command, restrict the SG during 1 HARQ RTT not to be increased above the SG value resulting from this non-serving cell signalling (see ref. [4]).
3) 1 HARQ RTT With Multiple Down handling
In addition to 2), also keep track of the highest number of down’s received from any non-serving cell during the latest HARQ RTT, and only execute a DOWN command when the maximum number of down’s received from any cell in the latest HARQ RTT is increased (see ref. [4]).

Figure 5 compares the cell throughput for the 3 alternatives
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Figure 5: Cell throughput with non-serving E-RGCH application
Again due to the assumed full buffer occupancy, no significant differences in total throughput can be identified.

Figure 6 compares these 3 cases with respect to RoT overshoot, i.e. at a certain target RoT (indicated at the horizontal axes), what is the probability that the measured RoT is larger than 8dB value which is assumed to totally block reception.
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Figure 6: RoT Overshoot with non-serving E-RGCH application
As can be seen from figure 6, especially if the target RoT is quite close to the “blocking RoT level”, the probability that this RoT level is crossed is significantly decreased by behaviour 2 compared to behaviour 1:
Proposal 2:
After having received a DOWN command from a non-serving RL, the UE shall limit the maximum SG during the next HARQ RTT to the SG set as a result of this DOWN command.

Figure 6 also shows that behaviour 3 results in an additional overshoot reduction compared to behaviour 2. It is left to RAN2 to decide whether requiring the implementation of “Multiple Down behaviour”.
5. Non-Serving cell E-RGCH
Also for the non-serving cell E-RGCH handling, it was suggested during RAN2#47 that maybe it would be better to use the SG instead of the LUPR as reference. Again we think there is no real reason to change the current working assumption:

· Working on either the LUPR or the SG will probably give a similar decrease in interference, although working on the LUPR will generate more effect if many UE’s are working under their SG. However this last situation should not be that frequent.

· Both approaches are to some extend unfair:

1) When working on the LUPR, the effect will be based on the actual rate the UE was using when the DOWN is received. Thus a UE temporarily not using its SG will be more restricted then a UE working at its SG. 

2) When working on the SG, a UE not using its SG can continue to use the same rate and will thus be less impacted than a UE working at its SG.

For both cases, if we can assume that normally UEs are working at their SG, no large unfairness will be created.

As a result, we see no reason to change the usage of the LUPR as the reference for the non-serving RL E-RGCH handling.
6. Conclusion
It is proposed that RAN2 continues to use the LUPR as the reference for both the serving cell and non-serving cell E-RGCH signalling. 

It is also proposed that RAN2 sees whether the following improvement proposals can be agreed:

Proposal 1: 
After having received an E-AGCH grant with the primary E-RNTI, the UE shall ignore the serving RLS E-RGCH signalling during one HARQ RTT.
Proposal 2:
After having received a DOWN command from a non-serving RL, the UE shall limit the maximum SG during the next HARQ RTT to the SG set as a result of this DOWN command.

In addition, RAN2 is requested to discuss whether the gains of the “multiple-down handling” as described in section 4.4. are considered sufficiently valuable. 
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Annex. Simulation assumption

A. Simulation parameters
	Parameter
	Configuration

	Layout
	19 Node-B, 3-cell wrap-around layout

Site to site distance = 2800 m

	Channel model
	Mixed (PA3 30%, PB3 30%, VA30 20% and VA120 20%) 

	Traffic model
	Full buffer, traffic model (NRTV)

	Node-B Receiver
	Rake (2 antennas per cell)

8 fingers per UE (finger assignment as in Table A-6 in [1])

	#UE per cell
	10 (# of UE dropping =3)

	UE timing
	Time aligned (no offset between users)

	Duration
	20s + 2 s warm-up 

	HARQ
	Max # of transmissions = 4

# of HARQ processes = 8

	Scheduling Type
	Decentralized Node-B scheduler with 

1 serving cell per UE = best DL (same as HSDPA serving cell). All cells in UE’s active set send ACK/NAK.

	Power control
	Outer loop driven by 1% residual BLER on E-DCH
Inner loop error rate = 4%

	E-DCH
	E-TFC selection:

Similar to R99 TFC selection. UE MAC decides upon the E-DCH TFC in SUPPORTED_STATE and EXCESS_POWER_STATE every radio frame. The parameters {x, y, z} are set to {15, 30, 30} as in Rel‑99.

	E-DPCCH
	Included

	SHO restriction
	When in SHO E-TFS is restricted up to effective data rate of 512kbps.


B. MCS tables
	Transport Block Size
	Number of Code Blocks
	Modulation
	OVSF Code
	Code Rate
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	Rate after 4 Tx  (kbps)

	128
	1
	QPSK
	C(4,1)
	0.33
	15
	12
	16

	256
	1
	QPSK
	C(4,1)
	0.33
	15
	17
	32

	512
	1
	QPSK
	C(4,1)
	0.33
	15
	21
	64

	768
	1
	QPSK
	C(4,1)
	0.33
	15
	27
	96

	1024
	1
	QPSK
	C(4,1)
	0.33
	15
	38
	128

	2048
	1
	QPSK
	C(4,1)
	0.53
	15
	47
	256

	3072
	1
	QPSK
	C(2,1)
	0.40
	15
	53
	384

	4096
	1
	QPSK
	C(2,1)
	0.53
	15
	67
	512

	5120
	2
	QPSK
	C(2,1) , C(4,1)
	0.44
	15
	61 , 43
	640

	6144
	2
	QPSK
	C(2,1) , C(4,1)
	0.53
	15
	69 , 49
	768

	7168
	2
	QPSK
	C(2,1) , C(4,1)
	0.62
	15
	77 , 54
	896

	8192
	2
	QPSK
	C(2,1) , C(4,1)
	0.71
	15
	86 , 61
	1024

	 It is assumed that E-RGCH step size is equal to the step size of each TFC.
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