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1. Introduction 

Several contributions have been presented on DPCCH gating method during 1999 in RAN WG1 and WG2.  These contributions have contained e.g. 

· Simulation results on effect of slower power control cycle  (R1-99-669)

· Interference reduction gain analysis with some assumed packet model (R1-99-869)

· UE battery savings calculation analysis with the same assumed packet model (R1-99-669)

This paper points out that in order to evaluate what kind of benefit can be achieved with DPCCH gating, the essential issue from which we should have some understanding, is that what would be the sensible packet model, i.e.

· What is the percentage of time that packets are sent and what is the percentage of time that only DPCCH is on

· How fast in a real application there is a connection release after last packet is transmitted 

And as a result, what would be the percentage of time during the connection that the DPCCH gating can be used. In the earlier analysis (R1-99-669) it has been claimed that UE battery life can be increased by 32 % by ¼ gating. If we have understood the analysis correctly, the analysis was based on the assumption that DPCCH gating would be used about  70 % of the time during the connection. Naturally, if the percentage of time that the DPCCH gating can be used during the connection is smaller than that, then also the UE battery life increasement is smaller. So we should understand whether this assumption of the possibility of using DPCCH gating 70 % of the time during the connection is realistic.

The other issue is interference reduction gain. If we have understood correctly the papers from last year, it has been assumed earlier that DPCCH gating means that clear interference reduction gain can be achieved both in uplink and downlink. 

2. Calculations from last year

2.1 UE battery lifetime increasements (R1-99-669) 

The following packet model was used in R1-99-669 from Samsung, presented in WG1 #5 in June 1999 for analysing the UE battery life increasement.
-------------------------Copy paste from R1-99-669: Section 4.1 Uplink packet call model -------------------------------------------
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Figure 1. Typical characteristic of a packet service session

Figure 1 depicts a typical WWW  browsing session which consists of a sequence of packet calls [10].   The Web traffic parameters and the values of timer used in this model is based on[7][8]. Only mean values for these parameters are used throughout this analysis to get initial estimates of the energy consumption and the uplink capacity without regards to higher order statistical variations. 

In this model, the following Web session parameters are assumed.

· One session consists of 18 packet calls

· Inter session interval is 30 seconds

· A packet call consists of 1 packet.

· Inter-packet interval is 840 ms

· One packet transports 670 bytes

Air transportation time for a packet is assumed to be 100ms considering 64 kbps frames are used with one frame margin, since 670 bytes are transportable by nine 64 kbps frames. 

.


[image: image2.wmf]PACKET

ACK

STM

STRM

STM

PACKET

Active

COG

DL

UL

Active

Dedicated

Channel

COS gating

. . .

Active

840ms

200ms

100ms


        * COG : Control Only Gated

        * STM : State Transition Message

        * STRM : State Transition Response Message

Figure 6.  Simple model for intra-session call flow
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        * CR : Connection Released

Figure 7.  Simple model for inter-session call flow

Figure 6 and 7 show simple models for intra and inter-session call flow. Depending on the timer values, the following is considered.

The timers for COS is ;

· T_active_to_cog = 200 ms, which is the timer from Active to Control Only Gated(COG). 

                     This represents the maximum staying time in DPCCH non-gating mode after        

                     completion of a packet transmission.

· T_cog_to_cr = 3000 ms, which is the timer from COG to Connection Released(CR). This represents

                  the maximum staying time in DPCCH gating mode after T_active_to_cog expires.

· T_active_to_cr = 3200 ms, which is the timer from active to Connection Released(CR). This        

                    represents the maximum staying time in DPCCH non-gating after completion of 

                   a packet transmission
------------------------------------------copy paste from R1-99-669 ends here---------------------------------------------------------------
Nokia comments to this: In [R1-99-669] UE battery lifetime increasement was analysed to be 32 % with ¼ gating. If we have understood it correctly, using the above packet model in the analysis meant that, that 

· DPDCH was on about 10 % of the time during the connection

· DPCCH gating was assumed to be on about  70 %  of the time during the connection, since it was not turned on immediately after last packet.

· When DPDCH was on, it's power relative to DPCCH was DPDCH/DPCCH=3 dB.

2.2. Interference reduction gain calculations in R1-99-869

The following is a copy paste from R1-99-869, from Samsung, presented in WG1 #6 meeting in July, 1999.

--------------------------Copy paste from  R1-99-869: Section 2.2 Uplink interference reduction gain------------------------------

In this paper, we re-calculate the overall interference reduction gain(table 3 in Tdoc R1(99)669).
Assume,

DPDCH duty cycle = 1%,

Power of DPCCH = P,

Power of DPDCH = 2P
Required total power(DPCCH+DPDCH) when no gating is 

99 * P + 1 * (P + 2P) = 102 P

For the 1/2 gating in 3km/h case, there is a 0.2dB loss in BER when only DPCCH is transmitted (see Fig. 2 in Tdoc 669). Therefore, the required power of DPCCH during DPCCH only transmission is

99 * P * 0.5 * 1.05 = 51.98 P , where 0.5 is due to 1/2 gating

During DPDCH transmission, there is 0.71 dB loss, so the required power is

1 * (P + 2P) * 1.17 = 3.52 P
We can re-caculate the overall gain as followining,

Overall Gain = 10 * log10 ( 102P / (51.98P + 3.52P)) = 2.68 [dB]

Based on the above method, we re-caculate the table 2 in Tdoc R1(99)669
fd
[Hz]
Gating rate


1/2
1/4
1/8


DPDCH

existing
DPDCH not existing
inter.

reductiongain[dB]
DPDCH

existing
DPDCH not existing
inter.

reductiongain[dB]
DPDCH

existing
DPDCH not existing
inter.

reductiongain[dB]

5.6
0.71
0.2
2.68
1.84
0.5
5.00
3.76
1.4
6.23

56
1.07
0.8
2.08
1.96
1.5
4.10
2.65
1.5
6.46

222
0.56
0.5
2.39
1.43
0.5
5.05
1.78
0.5
7.44

· DPDCH existing: Performance loss compared with no gating(gating rate=1/1) when DPDCH is existing
· DPDCH not existing: Performance loss compared with no gating(gating rate=1/1) when DPDCH is not existing(DPCCH only transmition)
· inter. reduction gain : overall interference reduction gain
Table 2.  Uplink interference reduction [dB]
------------------------------------------copy paste from R1-99-869 ends here---------------------------------------------------------------

Nokia comments: If we have understood this correctly, here the interference reduction calculations have been made for uplink, since DPDCH is on only 1 % of time. Thus main direction sending packets would be downlink, as shown in the figure below. 
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Figure 2. Interactive traffic model.

In this kind of case, like figure 2 shows, we do agree that DPDCH in uplink is probably on only some <10 % of the time. However, if this is the scenario that has been assumed, it is not correct to our understanding just to calculate what is the interference reduction gain in uplink if gating is used 99 % of the time. Since if gating is used 99 % of the time, it of course then would mean that downlink packet data traffic is degraded, due to slower power control cycle. According to Samsung's simulation results , see table 2, the downlink traffic would have to be sent by some 1-2 dB higher power. 

If we would use DPCCH gating during this kind of packet session, we think the interference analysis should take into account the method how the packets are sent in downlink. There are clearly two possibilities for downlink packet transmission:

1) use DCH in downlink. 

· We think we should not use DPCCH gating between packets (or packet bursts) within one packet call, since our understanding is that there is not very long breaks between packets within one packet call. The TCP model within one packet call is something like following: 

First one packet is transmitted.  When ack comes 2 packets are transmitted. When ack comes 4 packets are transmitted, and so on.  One burst (containing 1, 2, 4 or so on packets) is transmitted continuously. Between two bursts there will be breaks depending on round trip time of end to end TCP.  The maximum RTT could be something like 500 ms.

· So if we would turn the DPCCH gating on after each burst (containing 1,2, or 4… packets) it would just mean extra delay since RRC signaling is needed to turn the gating on and off .  We don't think that sounds very sensible within 500 ms timeframe.

· We think that if  DPCCH gating is used at all, it should be turned on only after one packet call is ended , i.e. T seconds after the last packet. T could be e.g. 1 second, if we know that that would be >>RTT. T should be designed so that after T it is more probable , that there will be longer time interval before the next packet call starts. 

· However, with DCH , we should do the connection release quite fast after the packet call is ended. This is since in downlink we have to save the code tree, and not to keep the code reserved (e.g. 64 kbit/s packet data rate means SF=32) for one UE for very long time. And it is very probable that the reading time between two packet calls is several seconds, maybe 10-40 s. Thus we think that the sensible time for DCH connection release could be about 3 seconds (not wait the next packet call to start). 

· this would mean that if we want to ensure that downlink packet performance is not degraded, then it is not sensible to do interference calculations for uplink assuming that DPCCH gating can be used 99 % of the time from the connection. 

2)  Use DCH+DSCH

· First bullet point is the same as in case 1)  above: we think DPCCH gating should not be used between packets within one packet call. See the reasoning from case 1).

· If DPCCH gating is now used, it should again be turned on only after the whole packet call is ended , i.e. turn the gating on about T seconds after the last packet is transmitted, where T could be e.g . 1 second. 

· Now there is no such hurry to do the connection release so fast after the packet call is ended. This is since with DCH+DSCH, DCH can be using much higher spreading factor e.g. SF=256, and then it is not so crucial to release the code , in order to save the code tree. Thus the connection release time for DCH with SF=256 can be longer, e.g. in the order of 10 s. Since our understanding is that typical reading times vary between 10 s-40 s.

· this means that if downlink uses DCH+DSCH, now the percentage of time that the gating can be on during the connection is larger, due to the possible longer connection release time. Thus maybe in this case interference reduction calculations in uplink can be something like it has been done in R1-99-669 .  
3. Percentual time the  DPCCH gating might be on 
Here we have made some calculations to show what could be the percentual time that the DPCCH gating is on during the connection. First it is clarified on what kind of assumptions the traffic model is based on.  And then it is calculated with some connection release times, how long the DPCCH gating could be on during the connection. 

3.1 Packet model parameters from UMTS 30.03 and some further comments

We agree with Samsung that the same figure 1, shown in R1-99-669, is a good figure depicting a typical web brousing session [UMTS 30.03].  
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Figure 1. Typical characteristic of a packet service session (same as in R1-99-669 from Samsung).

The following text from UMTS 30.03 clarifies further the figure:

Figure 1 depicts a typical WWW  browsing session, which consists of a sequence of packet calls. The user initiates a packet call when requesting an information entity. During a packet call several packets may be generated, which means that the packet call constitutes of a bursty sequence of packets, see [ref 1] and [ref 2]. It is very important to take this phenomenon into account in the traffic model. The burstyness during the packet call is a characteristic feature of packet transmission in the fixed network.

A packet service session contains one or several packet calls depending on the application. For example in a WWW browsing session a packet call corresponds the downloading of a WWW document. After the document is entirely arrived to the terminal, the user is consuming certain amount of time for studying the information. This time interval is called reading time. It is also  possible that the session contains only one packet call. In fact this is the case for a file transfer (FTP).

According to UMTS 30.03 the average packet size µ is 480 bytes of typical www session. Average requested filesize is µNd x µ = 25 x 480 bytes ( 12 kBytes. 

Further comments from Nokia to this: 

Like it was already explained in section 2, the TCP model which defines the burstyness during the packet call is something like folllowing: 

First one packet is transmitted. When ack comes 2 packets are transmitted. When ack comes 4 packets are transmitted, and so on.  One burst (containing this 1, 2, 4 or so on packets) is transmitted continuously. Between two bursts there will be breaks depending on round trip time of end to end TCP.  The maximum RTT could be estimated to be something like 500 ms. 

Then of course if ack does not come, there is a retransmission timer, which is > RTT, defining when the packet is retransmitted. Also, if ack does not come, then the burst size goes back to the minimum => 1 packet . 

Like it was said above, average reading time is the time the user is consuming for studying the information after the document is entirely arrived to the terminal. We think that average reading time could be on the order of 10-40 seconds, of  course depending on the user.

3.2 Percentual time that the DPCCH gating could be on

Let's assume following parameters for a simple example

· 64 kbit/s packet data

· 480 bytes packet 

=> one 480 byte packet will last 60 ms @ 64 kbit/s

· 25 packets within a call [UMTS 30.03]

· average reading time between packets: about 10 seconds 

Taking TCP model into account, the packet call would look like following:

1 packet + 2 packets + 4 packets + 8 packets + 10 packets  

if there would be 0.5 s (RTT for acks) between each of those bursts the packet call would take  25* 60ms + 4*0.5 s =1.5+2=3.5 seconds. 

Note that this does not take any retransmissions into account. 

Then the packet session would look like following :

3.5 seconds packet call + N seconds connection release time
If DPCCH gating would be turned on e.g. 1 second after last packet is transmitted, DPCCH gating would be on:

DPCCH_gating_%= (N-1)/(3.5 +N)
With N = 3 seconds, DPCCH_gating_% = 30 %

With N = 10 seconds, we have DPCCH_gating_% = 66 %

So if DCH+DSCH case have longer connection release time , it looks more beneficial to use DPCCH gating there, than with DCH only case.

5. Conclusions

We have made some analysis, what might be the sensible scenarios where DPCCH gating can be used. Our opinion is that if packets are sent with DCH in downlink, it is important that the code (e.g. SF=32 @64 kbit/s) is released quite fast, since the codetree should be saved in downlink. This means that the percentual time that DPCCH gating can be used during the connection is quite short , maybe about 30 % of the time. This means that there is maybe not so much benefit from DPCCH gating with DCH transmission. Earlier the UE battery lifetime increasement calculations have assumed that UE battery lifetime can be increased by 32 % if ¼ gating is used 70 % of the time during the connection.  Maybe some further analysis is needed.

However, if DCH+DSCH is used in downlink , then we are not in such a hurry to release the DCH code in downlink, since DCH can be sent with e.g. SF=256. In this case the connection release time after last packet is transmitted can thus be longer, e.g. around 10 seconds. If  the reading times between packet calls are on the order of 10-40 seconds, so then the connection release time could be adjusted to the probable reading times. Now the percentual time that the DPCCH gating can be used during the connection is thus much higher, maybe something like  66 % with connection release time 10 s. Thus some analysis could be done for UE battery lifetime increasements for this case. 

It should be also kept in mind, that if the total amount of data sent during a packet call is very small  , it can be sent by RACH (or CPCH)/ FACH, and not reserve at all any dedicated channels for that.
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