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1 Introduction
Variable Rate Packet Transmission has been proposed and accepted at WG1 and WG2 meeting (Tdoc R1-99153, R2-99298, R2-99426, R2-99630, R2-99752). In this scheme each high rate user is allocated a power threshold (called “Allowable Transmission Power”). When either shadow fading or inter-cell interference increases a user’s power requirements above the set limit, the data rate is reduced. The lower data rate has lower power requirements and the user’s power can remain under the set threshold. When channel conditions improve, the user’s data rate is increased allowing transmission of any data that may have been buffered.

At WG3#9 meeting in December, we proposed in-band signalling from L1 to MAC for Variable Rate Packet Transmission (Tdoc R3-99j18), and the proposal was treated as a candidate of additional features for RAN#7. This contribution requests a liaison to WG3 on in-band signalling which is indispensable for down-link Variable Rate Packet Transmission. Some simulation results showing that out-band signalling has unacceptable delay and cannot achieve efficient radio resource management are also attached.


2 Control procedure of Down-link Variable Rate Packet Transmission

Figure 1 shows the control procedure of Down-link Variable Rate Packet Transmission between layers.
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Figure 1.  Control procedure of Variable Rate Packet Transmission between layers

When the connection for packet services is established, the RRC considers the down-link traffic conditions, then assigns the allowable transmission power to L1 (Node-B) by the primitive CPHY-Measurement-REQ and TFS to MAC. The allowable transmission power is determined according to the service requirements and the traffic conditions. The value is sent to L1 as a threshold using RADIO LINK SETUP REQUEST message, and may be updated for each user when the traffic conditions change.

During a call, the L1 averages the transmission power for that UE over one or several frames. If the averaged transmission power for the UE becomes higher than the allowable transmission power, that is, the channel conditions are bad, L1 indicates with the primitive PHY-Status-IND to the MAC that  the “Allowable transmission power has been reached”. The MAC in response reduces the data rate within TFS, and then L1 can reduce the total transmission power by DTX for that UE to avoid excess interference with other UEs. (Instantaneous transmission power is not contolled by Variable Rate Packet Transmission scheme.)

When channel conditions improve and the averaged transmission power falls [x] dB below than the allowable transmission power, the L1 indicates with the primitive PHY-Status-IND to the MAC that the “Average transmission power is below allowable transmission power” (the values for [x] are chosen to match the power requirements of different increments for the transport channels within the TFS). The MAC in response increases the data rate by increasing the number of transport blocks delivered to L1. (Again, Instantaneous transmission power is not contolled by Variable Rate Packet Transmission scheme.) This allows data that was buffered during bad channel conditions to be delivered to the UE.

This procedure is described in TR25.922 “RRM Strategies” (10.1 Variable Rate Packet Transmission).

The primitves above are described in TS25.302 “Services provided by the Physical Layer” (10. Primitives of the physical layer).

The simulated results are described in TR25.922 “RRM Strategies” (17 Appendix E).

3 Proposal for sending in-band signalling from L1 to MAC

In Variable Rate Packet Transmission control, the control message for changing the data rate (PHY-Status-IND) is generated when the UEs are suffering from excessive intra-cell interference caused by an UE with excessive power.

On the down-link, the transmission power is controlled by each user so that each UE is satisfied with required SIR. This causes much transmission power difference between UEs at Node-B. For example, if an UE is located at the fringe of the cell and suffering from bad channel conditions due to shadowing or fading, the UE will require much power from Node-B. On the other hand, if an UE is located near the Node-B, the UE will not require much power. In such a case, the UE with much power generates much interference with other UEs. Although the down-link can expect the advantage of channel orthogonality, interference occurs due to multipath radio channel conditions.

When the averaged transmission power exceeds the allowable transmission power which is determined to avoid excess interference, UEs will have already suffer from much interference.

Therefore fast, in-band, signalling is indispensable for this control. In-band signalling allows a reactivity in the order of a few ms, whereas out-band signalling has unacceptable delay because out-band signalling will require a few hundred ms or more to go through MAC layers via RRC layers. 

Table 1 shows the comparison results between in-band (very fast response) and out-band signalling, where allowable transmission power is 27 dBm. 62 SPEECH (8kbps) users and 5 packet (144kbps) users are existing in each sector. The signalling delay due to out-band signalling is assumed to be 500 ms. Other assumptions and simulation parameters are described in APPENDIX below.

The results show that, in the case of out-band signalling, only 16.6 % of packet users can achieve the required transmission quality, which is worse than the fixed rate transmission. On the other hand, 100 % of packet users can achieve the required transmission quality in the case of in-band signalling. These features are shown when different parameters are used in the simulation. This is because the channel conditions, such as shadow fading, change considerably within a few hundred ms.

Table 1: Simulation results

(a) Variable rate packet transmission (allowable transmission power of 27 dBm)

SPEECH (62 users/sector)
UDD144k (5 users/sector)


satisfied user
average TXPOW [dBm]
satisfied user
average TXPOW [dBm]
average data rate [times]

out-band signalling
100 %
22.7
16.6 %
26.3
1.10

in-band signalling
100 %
25.6
100 %
25.6
1.19

(b) Fixed rate packet transmission

SPEECH (62 users/sector)
UDD144k (5 users/sector)


satisfied user
average TXPOW [dBm]
satisfied user
average TXPOW [dBm]
average data rate [times]

fixed

rate
100 %
22.8
41.6 %
26.6
-

4 Proposed liaison to WG3

We propose that the following liaison should be sent to WG3:

WG2 suggests that Variable Rate Packet Transmission should be introduced using in-band signalling which indicates that “Allowable transmission power has been reached” or “Average transmission power is below allowable transmission power” from L1 to MAC for effective data rate control.  Out-band signalling has unacceptable delay because out-band signalling will require a few hundred ms or more to go through MAC layers via RRC layers. Data rate control using out-band signalling does not work well because the channel conditions such as shadow fading change considerably within a few hundred ms.

5 Coclusion

This contribution proposed an in-band signalling which is needed for down-link Variable Rate Packet Transmission, and showed that out-band signalling cannot achieve the expected benefit by simulated results. We also provided the draft liaison to WG3. Very fast data rate control like HDR by QUALCOMM might be required in the future. I hope that the proposed in-band signalling is approved in WG2.

APPENDIX (TR25.922  17 Appendix E)

17  Appendix E (Simulation results on DL Variable Rate Packet Transmission)

17.1    Simulation assumption

The simulation model is based on the ARIB’s model used for RTT proposal.  Following are detailed assumptions. 
· down-lilnk, vehicular environment system-level simulation (ITU model)

· perfect SIR estimation (no delay on SIR estimation)

· UDD144k users and SPEECH users are considered

· voice activation of 50 % for SPEECH service

· traffic call model is not introduced for UDD service (continuous transmission)

Other simulation parameters are shown in Tables 17.1 and 17.2.


Cell radius
1000 m

Site to site separation
3000 m

Cell layout
wrap around

Data sample cell
all cells

# of sectors
3

UE speed
120 km/h

Table 17‑1: Environment models

SPEECH 8kbps
UDD 144kbps

Diversity
No
No

Processing gain
512 (27.1dB)
67.4 (18.3dB)

TCH max. Tx power
30 dBm
30 dBm

TCH min. Tx power
10 dBm
10 dBm

BCH Tx power
30 dBm
30 dBm

HO algorithm settings



DHO windows
3 dB
N/A

Active set update rate
0.5 second
0.5 second

Active set max. size
2
1

Required Eb/No
8.8 dB
2.9 dB

TCH allowable Tx power (TXPOW_ALLOWABLE)
-
30, 27, 24 dBm

Number of users
60, 62, 64, 68, 70
5

Table 17‑2: Power setting and other parameters
17.2     Simulation results

Tables 17.3, 17.4 and 17.5 are simulation results for TXPOW_ALLOWABLE of 30, 27 and 24 dBm, respectively. In these tables, ‘satisfied user’ means the user having sufficiently good quality, i.e., the required Eb/No is satisfied, more than 95% of the session time.  The results shows that:


· Compared with “Fixed Rate”, “Variable Rate” can achieve the same or higher data rate as well as better quality for both services.


· “Variable Rate” can accommodate more users by allocating a lower power threshold for high-rate packet users.


· “Variable Rate” can control the average transmission power not only for UDD144k users but also for SPEECH users. This means that “Variable Rate” can keep the system stable by allocating an appropriate power threshold (TXPOW_ALLOWABLE).


Because of these advantages, the system may tolerate hith-power emergent users.


Number of users (SPEECH + UDD144k)
Fixed Rate
Variable Rate


SPEECH
UDD144k
SPEECH
UDD144k


satisfied user
Average TXPOW [dBm]
Satisfied user
Average TXPOW [dBm]
satisfied user
average TXPOW [dBm]
satisfied user
average TXPOW [dBm]
average data rate [times]

60 + 5
100 %
21.9
93.6 %
25.8
97.58 %
23.8
90.82 %
28.6
1.59

62 + 5
100 %
22.8
41.6 %
26.6
99.59 %
28.6
97.26 %
28.6
1.44

64 + 5
-
-
-
-
99.97 %
28.6
99.54 %
28.6
1.31

66 + 5
-
-
-
-
100 %
28.6
100 %
28.6
1.18

68 + 5
-
-
-
-
100 %
28.6
99.98 %
28.6
1.04

70 + 5
-
-
-
-
99.94 %
28.6
100 %
28.6
0.91

Table 17‑1: Simulation results for TXPOW_ALLOWABLE = 30 dBm
Number of users (SPEECH + UDD144k)
Fixed Rate
Variable Rate


SPEECH
UDD144k
SPEECH
UDD144k


satisfied user
Average TXPOW [dBm]
satisfied user
average TXPOW [dBm]
satisfied user
average TXPOW [dBm]
satisfied user
average TXPOW [dBm]
average data rate [times]

60 + 5
100 %
21.9
93.6 %
25.8
99.98 %
25.6
99.92 %
25.6
1.29

62 + 5
100 %
22.8
41.6 %
26.6
100 %
25.6
100 %
25.6
1.19

64 + 5
-
-
-
-
100 %
25.6
100 %
25.6
1.08

66 + 5
-
-
-
-
100 %
25.6
100 %
25.6
0.97

68 + 5
-
-
-
-
100 %
25.6
100 %
25.6
0.85

Table 17‑2: Simulation results for TXPOW_ALLOWABLE = 27 dBm
Number of users (SPEECH + UDD144k)
Fixed Rate
Variable Rate


SPEECH
UDD144k
SPEECH
UDD144k


satisfied user
average TXPOW [dBm]
satisfied user
average TXPOW [dBm]
satisfied user
average TXPOW [dBm]
satisfied user
average TXPOW [dBm]
average data rate [times]

60 + 5
100 %
21.9
93.6 %
25.8
100 %
22.6
100 %
22.6
0.97

62 + 5
100 %
22.8
41.6 %
26.6
100 %
22.6
100 %
22.6
0.88

64 + 5
-
-
-
-
100 %
22.6
100 %
22.6
0.79

Table 17‑3: Simulation results for TXPOW_ALLOWABLE = 24 dBm
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