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1
Introduction
In RAN2#104 meeting RAN2 made some agreements to consider conditional handover (CHO) as follows [1]. 

Agreements

1
RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 

2
Usage of conditional handover is decided by network. UE evaluates when the condition is valid.

=>
FFS on the exact details of the procedures

In [2], a two-step handover was also proposed to both improve handover robustness and reduce interruption time. In this paper, we compare these two solutions and try to show a more flexible combination solution.

2
Discussion
2.1
Comparison of CHO and two-step handover
In CHO, basically there are three steps:
1. UE is connected to the source cell

2. The network configures “low threshold” for measurement control and after the UE sends measurement reports, the network may send “candidate target cell list” and handover execution condition to the UE.

3. The UE could be able to immediately accesses the target cell when the handover condition is met

Similarly, for two-step handover procedure as illustrated in [2], there are also three steps:
1. UE is connected to the source cell

2. The network sends measurement configuration to UE and after the UE sends measurement reports, the network may send first handover command to the UE. Then the UE can perform RACH access.

3. After receiving second handover command, the UE could send handover complete message to the target cell.

Based on the execution procedures above, we can see that the common part of these two solutions is to split the handover configuration and the execution. After an early measurement report, the source eNB can provide configuration of target cell to UE, but UE doesn’t perform handover execution immediately. Then UE will execute handover as soon as the pre-configured handover condition is met or the second handover command is received. 
Observation 1: The common part of these two solutions is to split the handover configuration and the execution.

The differences between these two solutions are listed as below:

1. Triggering of handover execution. In CHO it is trigged when pre-configured condition is met, and in two-step handover it is triggered by source eNB, i.e. a second handover command.

2. Candidate cell number. In CHO more than one candidate target cells can be configured, and in two-step handover only one target cell is informed to UE as in [2].

3. Timing of RACH. In CHO RACH is performed after pre-configured condition is met, and in two-step handover it is performed when UE receives first handover command, and UE sends Msg3 to target eNB after it receives second handover command. And we also notice that the early RACH execution depends on UE capability of 2TRX.
Observation 2: The differences between these two solutions are how to trigger handover execution, candidate cell number and timing of RACH.
2.2
Combination of CHO and two-step handover
Based on the comparison above, we think these two solutions are quite similar if we don’t take 2TRX UE capability into account. So actually we can combine them to make the handover procedure more flexible. The whole procedure is as below:

1. Source eNB can configure one or more candidate target cells to UE, possibly with handover execution conditions.
2. If UE has 2TRX or there is a dedicated gap for UE, UE can perform RACH early.

3. UE can decide when to execute handover based on pre-configured condition if available, or the handover can also be triggered by a second handover command for source eNB.

4. If UE doesn’t perform RACH early, it should perform the whole RACH procedure, or it just need to send Msg3 to target eNB.

The combination solution is illustrated in fig.1.


[image: image1.wmf]U

E

S

o

u

r

c

e

 

e

N

B

T

a

r

g

e

t

 

e

N

B

M

M

E

S

e

r

v

i

n

g

 

G

a

t

e

w

a

y

1

.

 

M

e

a

s

u

r

e

m

e

n

t

 

C

o

n

t

r

o

l

p

a

c

k

e

t

 

d

a

t

a

p

a

c

k

e

t

 

d

a

t

a

2

.

 

M

e

a

s

u

r

e

m

e

n

t

 

R

e

p

o

r

t

s

3

.

 

H

a

n

d

o

v

e

r

 

d

e

c

i

s

i

o

n

4

.

 

H

a

n

d

o

v

e

r

 

R

e

q

u

e

s

t

5

.

 

A

d

m

i

s

s

i

o

n

 

c

o

n

t

r

o

l

6

.

 

H

a

n

d

o

v

e

r

 

R

e

q

u

e

s

t

 

A

c

k

7

.

 

R

R

C

 

C

o

n

n

e

c

t

i

o

n

 

R

e

c

o

n

f

i

g

u

r

a

t

i

o

n

(

i

n

c

l

u

d

i

n

g

 

o

n

e

 

o

r

 

m

o

r

e

 

c

a

n

d

i

d

a

t

e

 

c

e

l

l

s

)

p

a

c

k

e

t

 

d

a

t

a

p

a

c

k

e

t

 

d

a

t

a

8

.

 

R

A

C

H

 

A

c

c

e

s

s

 

P

r

o

c

e

d

u

r

e

(

p

e

r

f

o

r

m

 

R

A

C

H

 

a

c

c

e

s

s

 

i

f

 

2

T

R

X

 

o

r

 

g

a

p

 

i

s

 

a

v

a

i

l

a

b

l

e

)

9

.

 

A

l

t

 

1

:

 

R

A

C

H

 

A

c

c

e

s

s

 

C

o

m

p

l

e

t

e

9

.

 

A

l

t

 

2

:

 

R

A

C

H

 

A

c

c

e

s

s

 

C

o

m

p

l

e

t

e

1

0

.

 

A

l

t

 

1

:

R

R

C

 

C

o

n

n

e

c

t

i

o

n

 

R

e

c

o

n

f

i

g

u

r

a

t

i

o

n

(

H

a

n

d

o

v

e

r

 

R

e

s

u

m

e

)

S

t

o

p

 

T

X

/

R

X

 

t

o

/

f

r

o

m

 

U

E

1

0

.

 

A

l

t

 

2

:

p

r

e

-

c

o

n

f

i

g

u

r

e

d

 

c

o

n

d

i

t

i

o

n

 

i

s

 

m

e

t

1

1

.

 

S

N

 

S

t

a

t

u

s

 

T

r

a

n

s

f

e

r

D

a

t

a

 

F

o

r

w

a

r

d

i

n

g

1

2

.

 

R

R

C

 

C

o

n

n

e

c

t

i

o

n

 

R

e

c

o

n

f

i

g

u

r

a

t

i

o

n

 

C

o

m

p

l

e

t

e

(

i

f

 

2

T

R

X

 

o

r

 

g

a

p

 

i

s

 

a

v

a

i

l

a

b

l

e

)

p

a

c

k

e

t

 

d

a

t

a

p

a

c

k

e

t

 

d

a

t

a

1

3

.

 

P

a

t

h

 

S

w

i

t

c

h

E

n

d

 

M

a

r

k

e

r

p

a

c

k

e

t

 

d

a

t

a

E

n

d

 

M

a

r

k

e

r

1

4

.

 

U

E

 

C

o

n

t

e

x

t

 

R

e

l

e

a

s

e


Figure 1 Combination solution of CHO and two-step handover
We think it is beneficial to combine these two solutions to make a more flexible handover.
Observation 3: It is beneficial to combine these two solutions to make a more flexible handover.

Proposal 1: RAN2 to consider the combination solution of CHO and two-step handover.
3
Conclusions
In this paper, we compare CHO and two-step handover, and we have the following observations and proposal:

Observation 1: The common part of these two solutions is to split the handover configuration and the execution.

Observation 2: The differences between these two solutions are how to trigger handover execution, candidate cell number and timing of RACH.
Observation 3: It is beneficial to combine these two solutions to make a more flexible handover.

Proposal 1: RAN2 to consider the combination solution of CHO and two-step handover.
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_1609693196.txt
!@@@Chart-generator later than 5.0����як�hscale="auto";
defstyle hgapa [text.gap.left=16, text.gap.right=16];
defstyle hgapb [text.gap.left=6, text.gap.right=6];
defstyle entity [text.font.face="Arial", text.size.normal=14, text.wrap=no, text.bold=yes];

defstyle bs [text.font.face="Arial", text.size.normal=13, vspacing=7, text.wrap=no, hgapb];
defstyle br [bs, line.corner=round];
defstyle ac [text.font.face="Times", text.size.normal=15, text.italic=yes, vspacing=5, arrow.type=sharp, hgapa];
defstyle au [text.font.face="Arial", text.size.normal=13, vspacing=5,  hgapa];
defstyle n1 [text.font.face="Arial", text.size.normal=13, vspacing=5, weak, text.italic=no, hgapa];
defstyle mbb [text.font.face="Arial", text.size.normal=13, fill.color =lgray];
defstyle rless [text.font.face="Arial",text.size.normal=13, fill.color =aqua];

u:UE;
s:Source eNB;
t:Target eNB;
a:MME;
p:Serving Gateway;

|||;
# Examples:
#mark HPstart;
#s--a:0.Mobility control information provided by AMF [br];
#s--s:2. Handover Decision [bs];
#s->t:3. HANDOVER REQUEST [ac];
#t--t:4. Admission Control [bs];
#mark HPend;
#vertical brace HPstart->HPend:Handover Preparation [n1];

u<-s: 1. Measurement Control [ac];
    {s<<>>p: packet data [au];}
    {u<<>>s : packet data [au];}
    ;
u->s: 2. Measurement Reports [ac];
s--s: 3. Handover decision [br];
s->t: 4. Handover Request [ac];
t--t: 5. Admission control [br];
s<-t: 6. Handover Request Ack [ac];
u<-s: 7. RRC Connection Reconfiguration \n (including one or more candidate cells)[ac];
{s<<>>p: packet data [au];}
{u<<>>s : packet data [au];};
u<->t: 8. RACH Access Procedure \n (perform RACH access if 2TRX or gap is available) [ac];
s<-t: 9. Alt 1: RACH Access Complete [ac];
u->s: 9. Alt 2: RACH Access Complete [ac];
u<-s: 10. Alt 1:RRC Connection Reconfiguration \n (Handover Resume)[ac];
{s--s: Stop TX/RX to/from UE [br];}  
{u--u: 10. Alt 2:pre-configured condition is met [br];};
{s->t: 11. SN Status Transfer [ac];}
{s>>t: Data Forwarding [au, color = fuchsia, text.color = fuchsia];}
{u->t: 12. RRC Connection Reconfiguration Complete \n (if 2TRX or gap is available)[ac];};
{u<<>>t : packet data [au];}
{t>>p: packet data [au];};
t--p: 13. Path Switch [br];
{s<<p: End Marker [au];}
{t<<p: packet data [au];}
{s>>t: End Marker [au];};
s<-t: 14. UE Context Release [ac];
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