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1. Introduction

Gating has been proposed as a technique for terminal power saving (TPC) and interference reduction. Comments have been raised regarding the benefits of the gated DPCCH transmission associated with DSCH (hereinafter gating or gated transmission is used interchangeably) over using CELL_FACH process. Further, we present a discussion on the comparison of Gating with reference to using CELL_FACH state with signalling analysis and simulation results for downlink interference.

2. Discussion 

Lets assume that a UE is in CELL_DCH State and the UE has sent one packet call through the DSCH. Two options for Terminal Power Saving arise: 
· Mode 1 (DSCH with Gating in Figure 1 (a)): Remain in CELL_DCH State. In this case after the expiry of a timer Tpre_gating we apply Gating in order to limit the amount of interference, as already has been proposed (Tpre_gating assumes 1sec temporarily). Moreover, if a packet does not arrive within another predefined time threshold (T1), we switch to CELL_FACH State and release the resources.

· Mode 2 (Using CELL_FACH in Figure 1 (b)): In this case after the expiry of a timer T2, which should be equal or less than Tpre_gating, switch to CELL_FACH and upon arrival of a new packet, switch to CELL_DCH, set up the DSCH again and send the new packet through the Shared channel. Repeat the same procedure for each new packet arrival at higher layers.
The fact that we do not send even part of the DPCCH in Mode 2 means that Mode 2 has an advantage compared to applying gating (Mode 1). However, we will present benefits of Mode 1 compared to Mode2.
In order to save terminal power, i.e. up-link interference power, compared with the original DSCH without Gating both Modes 1 and 2 require some additional costs such as signalling overhead, delay, and down-link interference. Thus, we should consider these costs as well as terminal power saving feature.
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Figure 1: Two TPC options during inter-arrival time between packet calls

The fact that DSCH was initially set to transmit packets means that a number of criteria were fulfilled in the process of choosing the best method for packet transmission. I.e. higher layers chose to use DSCH after evaluating resources and system costs e.g. available resources, traffic volume/characteristics, system overhead etc. Thus, moving to CELL_FACH state when there is a gap in the packet flow means that we are basically cancelling out the initial reason for setting up DSCH in the first place. The decision to move to CELL_FACH state is therefore, not based on any evaluation process (e.g. total amount of traffic to be transmitted, expected periodicity of packets), but only on the fact that at one instance a gap has appeared in the flow of packets.

Mode 2 assumes that frequent transitions occur between CELL_FACH and CELL_DCH states in the case that the length of timer T2 is short. This means that a lot of unwanted signalling has to take place when we switch from CELL_DCH to CELL_FACH and from CELL_FACH to CELL_DCH and also to set up DSCH at the UE and UTRAN side.
Frequent switching between CELL_DCH to CELL_FACH introduces the following overheads:
· Increase of interference by using Common Channels (RACH, FACH)
( Higher spreading factor (SF) is required than DCH in an idle condition.

( Common Channel is not closed power controlled.

( Common Channel is not soft handovered.

· Channel allocation scheduling delay for Dedicated channel (DCH, DSCH)

( Whenever we move to CELL_DCH, new channel allocation is needed.
· Dedicated channel set up delay(DCH)
( Whenever dedicated channel is set up, synchronisation and power ramping is needed.

· Channel set-up signalling overhead

 ( To set-up a DCH, signalling requirements (the RRC message-sent through the RACH and FACH) are higher that in the case of signalling for gating.
In order to express these overheads in quantitative measures, we have made the performance comparison between Modes 1 and 2 in terms of signalling overhead, delay, and down link interference. 

► Signalling overhead: Signalling overhead can be measured by message load in number of bits. Using CELL_FACH (Mode 2) requires sending message to release/set up a DCH, for example RB RECONFIG. Message. DSCH with Gating (Mode 1) also requires sending message to initiate/terminate Gating, i.e. PHY CH RECONFIG message. However, RB RECONFIG message of Mode 2 requires much more information than PHY CH RECONFIG message. Length of message of Mode 1,  is almost 12 times larger than the message of Mode 2, as shown in Table 1, and this inevitably means higher delay in transferring the whole message between two ends. Apart from that, other issues should be also taken into account such as system-processing loads (for radio resource scheduling, resetting up of radio bearers between RNC and node B, physical channel synchronisation, etc).

Table 1: Number of bits information for Modes 1 and 2 


RB RECONFIG. (Mode 2)
PHY. CH. RECONFIG. (Mode 1)

Total bits
486 bits
43 bits

Required IEs [1]
- CELL_DCH ( CELL_FACH

  -RRC transaction identifier

  -Message type field
  -RRC state indicator
-Radio Bearer information to

  reconfigure
-UL Transport channel information 
 common for all transport channels
-Deleted UL TrCH information
 (UL DCH is deleted)
-Deleted DL TrCH information
 (DL DSCH and DCH are deleted)

- CELL_FACH ( CELL_DCH

  -RRC transaction Identifier

  -Message type field
  -RRC state indicator
-Radio Bearer information to

 reconfigure
-UL Transport channel information
 common for all transport channels
-Added or Reconfigured UL TrCH
 information
-DL Transport channel information
 common for all transport channels
-Added or Reconfigured DL TrCH
 information
  -Uplink DPCH info
  -Downlink PDSCH information

-Start of Gating

  -RRC state indicator

  -RRC transaction identifier

-Message type field

-Activation time

-Gated DPCCH Transmission Control info
 (gating rate, gating direction)

-End of Gating

  -RRC state indicator

  -RRC transaction identifier

  -Message type field

  -Activation time


► Delay: When DSCH is inactive and a new packet call arrives it takes a reasonable amount of time to transmit that new packet through the DSCH. This delay time differentiates the delay performance of Gating and CELL_FACH because it delays the transmission of following packets of that whole packet session. Let Delay_gating and Delay_cell_fach denote the differences from a time that a new packet call arrives to a time that the received packet call is transmitted for Mode 1 and Mode 2, respectively. Delay_cell_fach is 4 time or so longer than Delay_gating. Although these delay values are not the exact ones and they depend on the implementation our estimation is taken to be near to minimum value. The delay time required by Mode 2 (Using CELL_FACH) is not something that we afford to ignore and might affect seriously the total delay performance.

Table 2: The delay required to transmit a new packet call in Modes 1 and 2


Delay_cell_fach (Mode 2)
Delay_gating (Mode 1)

Total bits
602.8 ms
167 ms

Required IEs
- Branch delay [2]

- RNC ( Node B: 14.2 ms

- Node B ( RNC: 27.2 ms

    - RNC ( UE: 49.2 ms

    - UE ( Node B: 62.2 ms

- DSCH resource scheduling (50 ms)

- Processing delay (50 ms)

- FACH scheduling (100 ms)

- RACH preamble +
Channel Synch. (250 ms)

- Branch delay [2]

- RNC ( Node B: 14.2 ms

- Node B ( RNC: 27.2 ms

    - RNC ( UE: 49.2 ms

    - UE ( Node B: 62.2 ms



► Downlink Interference: Although DL Interference depends on factors such as HYSTERESIS required for avoiding ping-pong effect of cell updating and the inter-arrival time of packet calls, Gating produces less DL interference than Using CELL_FACH if the HYSTERESIS is more than 5 dB and if the mean of inter-arrival time of packet calls is less than 20 seconds.
(Please see the detailed assumptions and results in the Appendix). 
In general the main comment on the Mode 2 is that we make unwanted and in some case not appropriate use of the resources. By trying not to introduce some more overhead for gating (e.g. for signaling) we introduce more complicated processes, delays and unnecessary downlink interference. Our viewpoint on performance comparison between DSCH without Gating, DSCH with Gating, and Using CELL_FACH is as follows (UL interference without concrete performance evaluation)
► Signaling Load:

DSCH without Gating  <  DSCH with Gating   < Using CELL_FACH

► Delay:



DSCH without Gating  <  DSCH with Gating   < Using CELL_FACH

► DL interference:

DSCH with Gating       <=
 Using CELL_FACH < DSCH without Gating

► UL interference (Power Consumption):

Using CELL_FACH      < DSCH with Gating    < DSCH without Gating

3. Conclusion
Due to the aforementioned reasons and the performance investigation switching to CELL_FACH state is not desirable if once DSCH channel is selected according to the process of choosing the best method for packet transmission. DSCH with Gating (Mode 1) gives a more subtle and wise use of resources, and does not produce large overhead to the system even though it might introduce some signalling requirements (initiation/ termination of gating). The trigger to switch to CELL_FACH would be NOT the end of one packet transmission, but the expiry of a timer on the max allowed arrival time of a packet. If that is the case, Gating can be applied and has performed with very good results.
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Appendix. Simulation Results on Down-link Interference

This appendix provides down-link interference comparison between Modes 1 and 2 although it is out of scope of 3GPP RAN WG2. An amount of interference is caused by PHY channels due to the requirement to maintain RAB connection during inter-arrival time of packet calls. Mode 1 (DSCH with Gating) uses continuous DCH with small interference power while Mode 2 (Using CELL_FACH) uses FACH channel, which requires full interference power to the cell border. In order to obtain quantitative comparison between Modes 1 and 2 simulation is done with the following assumptions. 
Assumptions

1. Procedures Using RACH/FACH

-  Cell Update Procedure

RACH : Cell Update Message

FACH : Cell Update Confirm

-  DPCH Setup Procedure

FACH : RB Channel Reconfiguration

(DCH: Transport Channel Reconfiguration Complete)
2. Propagation constant

· 4.0

· No fading applied

3. 100 number of packet users with 0.0001 of packet session arrival rate

4. 1% packet error occurrence with retransmission

5. Cell radius: 1000 meters

6. Mobile Speed: 3 km/hour

7. FACH transmission power: geometrical cell border + Hysteresis (A Hysteresis is required to avoid `ping-pong’ effect of cell updating)

8.   Cell Update Model [3]

N = (VL/(
Where, 

N = The mean number of region crossing per unit time

( = Population density (Uniform density)

V = Mean speed of UE

L = Region boundary Length

9.   Channel Configuration

SF of DSCH = 32 (Actual data rate on DSCH is assumed as 64[Kbps])

SF of DCH = 256

Maximum number of DCH = 4

SF of FACH = 64

10. Traffic Model [4]

ETSI model (WWW surfing UDD 64 kbit/sec) with that inter-arrival time between packet call set `T_inter’ [sec] instead of 412[sec].

11. Closed Loop TX diversity Gain: 1 dB

12. Soft Handover Gain: 3 dB

13. Timers

· Tpre_gating: gating start timer (= 1 sec)

· T1(T2 when less than or equal to Tpre_gating): an inactivation timer for state transition to CELL_FACH 

· T3: RAB Connection release timer (= 50 sec)

14. Down-link DPCH fields structure, Slot Format #7 (SF=256) [5]

Slot Format #I
Channel Bit Rate (kbps)
Channel Symbol Rate (ksps)
SF
Bits/ Slot
DPDCH Bits/Slot
DPCCH
Bits/Slot
Transmitted slots per radio frame

NTr






NData1
NData2
NTPC
NTFCI
NPilot


7
30
15
256
20
2
6
2
2
8
15

 NTPC= 2, NTFCI= 2, Npilot= 8

· 1/3 Gating: (10*5+2*15)/(12*15)= 0.444

· 1/5 Gating: (10*3+2*15)/(12*15)= 0.333

· No additional power of slower power control rate is considered.
Simulation Results and Discussion

1. Definition of DL Interference

Normalized downlink interference: the mean normalised interference power from inter-arrival times between packet calls to maintain RAB connection. The normalisation is made to the interference power of DPCCH channel when all control information bits are transmitted, i.e. no Gating is applied. 

2. Comparison Point

► DL Interference Variation according to Inter-arrival time of packet calls (T_inter)

: Please, see Figure 1.  As the mean of inter-arrival time between packet calls varies the DL Interference values are shown. In case of T_inter is less than 20 sec Mode 1 has the less total DL interference, i.e. Mode 1 (DSCH with Gating) is more advantageous. As T_inter increases the DL interference becomes smaller when Mode 2 is applied.

Figure 1: The normalized downlink interference to maintain packet session connections for Modes 1 and 2 as the inter-arrival times between packet calls varies (Hysteresis= 10 dB).
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► DL Interference Variation according to Hysteresis Value (FACH transmission power)

: Please, see Figure 2. When Hysteresis is 5 dB the downlink interference values of Modes 1 and 2 are much the same and the downlink interference of Mode 1 is less than for Mode 2 as Hysteresis increases. Therefore Mode 1, i.e. when Gating is applied, is advantageous in respect of downlink interference over Mode 2, i.e. when using CELL_FACH unless Hysteresis is less than about 5 dB. 

Figure 2: The normalized downlink interference to maintain packet session connections for Modes 1 and 2 as the Hysteresis for FACH transmission power varies (T_inter = 10 sec).
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� Valid if the HYSTERESIS is more than 5 dB and if the mean of inter-arrival time of packet calls is less than 20 seconds
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