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In the WG1 20th meeting in Korea we introduced that there is a severe problem at the inter-frequency hard handover procedure in current 3GPP’s Rel’99 specification and proposed to make a new work item for Rel’5 or to include this issue in the existing inter-frequency measurement work item [1, 2]. In that meeting, discussion could not be performed in detail due to the lack of time and unfamiliarity of WG1 colleagues about this problem. So we introduced the situations in current CDMA cellular system in Korea for the sake of better understanding in the last Rel’5 adhoc meeting in Finland [3]. In that meeting, it was suggested to provide the revision of the work item sheet of existing work item. And it was also suggested to provide a bit more elaborated description of WCDMA inter-frequency hard handover procedure to see whether problem really occurs.

In this contribution, in order to continue the discussion for the inter-frequency hard handover, we describe the potential problem of inter-frequency hard handover procedure in WCDMA.

I. Inter-frequency hard handover procedure in WCDMA

Figure 1 illustrates an inter-frequency hard handover situation. In the figure, the UE is communicating with home BS with current frequency f1. But the target BS does not support f1. 

[image: image1.wmf]UE

Home 

BS

Target 

BS

SRNC

(stage 1)

Measurement Report

(CPICH EC/Io, CPICH RSCP

)

Physical Channel Reconfiguration (Handover direction)

(DPCCH_Power_offset, with action time "now" or any value

)

(stage 2)

DL DPCCH with specified TPC pattern

(stage 3)

(stage 4)

UL DPCCH or power control preamble

Downlink frame

& chip sync.

Uplink frame

& chip sync.

(stage 5)

(stage 6)

DL DPCCH with normal TPC command

(stage 7)

old freq.

new freq.

t

0

t

1

t

2

t

3

t

1

-t

0

 : RRC dealy (Max. 80 msec according to TS25.331)

t

2

-t

1

 

: T

interrupt

      (Max 70 or 100 msec according to TS25.133)

t

3

-t

1

 

: total handover interruption time including uplink synchronization time

Radio Link Addition Request

Radio Link Addition Response

 Figure 1. General inter-frequency hard handover situation

Figure 2 shows general inter-frequency hard handover procedure when the number of handover target cell is one. As shown in figure 2, there are 7 stages for the procedure. In the following, we describe each step briefly.

Stage 1)  The UE periodically measures CPICH Ec/Io or CPICH RSCP of the new frequency 

                and reports to the SRNC periodically or by event triggering manner, as defined in TS25.133 

[4].

Stage 2)  Based on the reporting value from the UE, the SRNC directs the UE and the target BS to 

execute inter-frequency hard handover. (We assume there is only one known target cell in 

the RRC message)

-  When the UE receives a RRC message implying hard handover with the activation time 
"now" or earlier than Dhandover seconds from the end of the last TTI containing the RRC command, the UE shall be ready to start the transmission of the new uplink DPCCH within Dhandover seconds from the end of the last TTI containing the RRC command.
Dhandover = RRC delay + Tinterrupt
Tinterrupt = less than 10+40+20*(1) msec (if the UE does not need compressed mode to perform inter frequency measurement)
Tinterrupt = less than 10+40+50*(1) msec (if the UE needs compressed mode to perform inter-frequency measurement)
Stage 3)  Target BS starts transmission the DPCCH with specified TPC pattern described in TS25.214 [6] and it also starts uplink synchronization procedure
Stage 4)  The UE establishes downlink chip and frame synchronization on the new frequency 
Stage 5)  UE transmits uplink DPCCH (or power control preamble).
Stage 6) The target BS establishes uplink chip and frame synchronization
Stage 7) The target BS transmits the DL DPCCH with normal TPC command based on the uplink SIR
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Figure 2. Inter-frequency hard handover procedure of current 3GPP specifications
                        (where, dotted line is radio link)

II. Potential problem of inter-frequency hard handover procedure in WCDMA

1) Influences of inaccurate initial received power at the target BS

After changing the frequency, the UE establishes downlink chip and frame synchronization on the new frequency and then transmits UL DPCCH (or power control preamble). But the initial transmit power should only rely on the open loop power estimation. According to the RRC specification (TS25.331) 
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where the CPICH_RSCP is measured by the UE. DPCCH_power_offset is designated by higher layer.

According to TS25.133, CPICH_RSCP intra frequency absolute accuracy requirement is ±6 ~ ±8 dB in normal condition and ±9 ~ ±11 dB in extreme condition.
We guess, in inter frequency hard handover situation, the CPICH_RSCP absolute accuracy becomes worse than the above requirement because the observation time is restricted in inter-frequency handover situation (especially for the single receiver UE).
In addition to the CPICH_RSCP measurement error in UE side, we should consider the power unbalancing between uplink and downlink due to independent fading. 
When the vehicle speed is relatively low, up/down link power unbalancing may cause great deviation of initial received power at the target BS
.

Considering the CPICH_RSCP measurement error and the up/downlink power unbalancing mentioned above, we guess that the deviation of initial received power from the required one at the target BS may be over 20 dB in worst-case situation.
On the other hand, according to the TS25.214, there are 2 downlink TPC patterns before uplink synchronization

Method 1)  Fast power up : “all “1” is sent as DL TPC pattern”
There will most likely be a delay of several frames between the start of the UL transmission of the UE and obtaining UL sync completion in the target BS especially for the large search window. If we assume 2 frames, it could cause an increase of UE UL power by e.g. 30dB assuming a step 
size of 1dB. Such behavior would seriously impact system performance
 [7].

Method 2) Slow power up : “n instances of the pair of TPC commands (“0”, “1”),  followed by 
one instance of TPC command “1”.
When the initial receiver power at the target BS is larger than required one  (e.g. +20 dB : Case 
A in figure 3) the uplink performance of target BS would be worse but w
hen the initial receiver 
power at the target BS is smaller than required one  (e.g.    -20 dB : Case B in figure 3) uplink synchronization time is greater
As stated above, fast power up (that is, all “1” TPC pattern) before the uplink synchronization is very dangerous in inter-frequency hard handover situation. So we assume slow power up procedure as working assumption of this contribution, that is, n instances of the pair of TPC commands (“0”, “1”),  followed by one instance of TPC command “1”.
As stated in the earlier, considering the CPICH_RSCP measurement error and the up/downlink power unbalancing, the deviation of initial received power from the required one at the target BS may be larger than 20 dB (case A) or smaller than – 20 dB (case B) in the worst case situation.
 Figure 3 

illustrates possible initial received power at the target BS and slow power up procedure before uplink synchronization. From the figure, we can notice that when the initial power is small (case B),  the uplink synchronization time could be longer and this cause additional handover interruption time in addition to the Tinterrupt which is noted in the previous chapter I.
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Figure 3. Possible initial received power at the target BS and slow power up 

procedure before uplink synchronization (where n is the number of  “10” patterns)

On the other hand in the case A, the initial synchronization time may be smaller than case B, but even though it does, it takes at least several msec. And if the search window is large compared to the number of correlator, then the basic acquisition time increases. Besides the acquisition time, if we consider the time for finger assignment of target BS and for TPC mode change in the downlink, the total time from the UE’s initial transmission starting time to the steady state (steady state means the time when the uplink signal is normally power controlled so that the received uplink DPCH SNR at the target BS becomes the required target SNR) could be several frames even though the initial received uplink DPCCH SNR/chip is very high. 

And during this time the interference to other UEs in the target BS may be great. So the target BS commands all the UE in its cell to increase their powers as shown in the figure 4. And once the power of each UE in the target cell has become high level, it may take longer time to return to normal state (where normal state means that the state in which all the UEs in the cell transmit their minimum required power level). As a result, overall capacity is reduced and call dropping rate of target BS becomes high. Figure 5 explains this situation. 

And sometimes, during this time some UE (ex, UE C in the figure 4) cannot increase the power due to its power limitation. If several UEs are in hard handover situation to the target BS, we could not guarantee the uplink performance of the target BS. We guess that this is the main reason for the high call dropping rate of the inter-frequency hard handover target BS in the existing CDMA cellular in Korea.
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Figure 4. Behavior of the target BS when an inter-frequency handover UE comes in.

(case A scenario)


[image: image5.wmf]Once the power of each UE in the target cell has become high level, it may take longer time 

to returen to normal state (normal state means that the state in which all the UEs in the cell 

transmit thir minimum required power level)

2n+1 slot

+ 20 dB

1 dB

Required power at target BS

time

Case A  scenario

Received power

at target BS

1 slot

t

3

Ideal

Real

At t

3

, the received powers from all the UE

in the target BS become very high


Figure 5. Received power from the handover UE at the target BS before and after uplink synchronization (case A scenario)

2) Influences of wide handover search window to the uplink of target BS

The main problem of inter-frequency hard handover is due to the fact that

· After the frequency change, the initial transmit power of UE should only rely on the open loop power estimate. So, the received power at the target BS may be excessively large in some cases but may be very small in other cases.
· The target BS should find the uplink signal after the UE changed its uplink frequency. So uplink inner loop power control could not operate before the uplink synchronization is completed.

Above two factors are common to all the DS-CDMA cellular systems in which the inter-frequency hard handover take places. This is due to the fact that the capacity of DS-CDMA system is interference limited. 

Another important thing is that the amount of impact on the system capacity of above factors could heavily depend on the uplink handover search window of target BS. 

WCDMA system is inter-BTS asynchronous system. As described in the Tdoc 532 [1], the round trip delay between the handover UE and the target BS could not be measured before the handover is executed. So the uplink handover search window heavily depends on the cell coverage of the target BS. For example, the cell coverage is 40 Km, then the search window must be lager than about 1000 chips. This wide search window would make the situation worse.

III. Conclusions

In this contribution, the potential problem of inter-frequency hard handover procedure was described. We believe that WCDMA operators would be faced with this problem at their commercialization stage. In this contribution, even though we only focused on the FDD to FDD hard handover, GSM to FDD or TDD to FDD hard handover procedure may have the same problem.

We think that the current specification did not fully consider above problems, so in order to improve the performance of inter-frequency hard handover, we propose to modify existing 

work item (RP-00-180) as recommended in the last Rel’5 adhoc meeting.

The title of existing work item is

  “Improvement of inter-frequency and inter-system measurement”
New title of modified work item is

“Improvement of inter-frequency and system hard handover”
Tdoc R1-01-861 is the modified work item sheet.
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