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1. Introduction
Currently U-plane interruption time during handover is being assessed since PDCP is decided to be moved from CN to eNB. This document intend to show our view on the interruption time especially on the extra delay due to path switch.
2. Interruption time of contention-based handover
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Figure 1 interruption time of contention-based HO
Figure 1 depicts the component of the interruption time for contention based handover procedure. The value refer to [1]
t0: time to get frequency synchronization and downlink synchronization, 1ms

t1: time to wait for the access slot, 0~ 5ms, 2.5ms (5ms RACH slot interval is assumed)
t2: time to transmit random access preamble, 1ms

t3: time to wait for RA Response, 7.5ms

t4: time to send Handover Complete, (5+0.3*5) ms

t5: time to receive Handover Complete ACK, (5+0.3*5) ms
t11: time of transport delay over X2 interface, 5ms

t12: time of path switch, including transport of Path switch command, SAE GW processing and transport delay over S1 interface, 5~31 ms [2]
in the uplink delay in C-plane and U-plane is aligned, i.e. uplink interruption time is:

25ms = t0+t1+t2+t3+t4+t5
for downlink interruption time, the start of interruption is the same i.e. when UE tune to the target eNB downlink transmission is stopped. but the end of the interruption maybe not aligned. If there are PDCP SDUs exists in the buffer when downlink transmission is stopped then these SDUs can be forwarded immediately. And these packet could be arrive at target eNB before Handover Complete is received. This is the best case (brown arrow). The worst case (pink arrows) is there is one packet which is sent to the source eNB when SAE GW decide to switch the path. then it will be forwarded to the target eNB through source eNB. assuming the transport delay on S1 delay is the same for this packet and those directly from GW on the new path, more delay due to source eNB processing and transport delay on X2 interface i.e. t11 is introduced. So for the worst case SDUs will arrive at target eNB t12 later than Handover Complete message. The downlink interruption time is: 
18.5ms = maximum( t0+t1+t2+t3+t4, t11), the best case ,or

(18.5+t12) ms = t0+t1+t2+t3+t4+t12, the worst case

if forwarded PDCP SDU arrive at target eNB later than Handover Complete message but before the PDCP SDUs from GW on the new path, then the downlink interruption time is in between the best case and worst case i.e. within the scope (18.5~18.5+t12)
3. Interruption time of contention-free handover
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figure 2 interruption time of contention-free HO

The main difference from contention-based case is the start time of uplink transmission and downlink transmission. Since the dedicated signature is used the contention is resolved once the random preamble is received by mapping the sequence of the preamble back to the C_RNTI assigned by the target eNB. the RA Response message will be received by the intended UE without ambiguity either address by C_RNTI or RA_RNTI+ preamble id (FFS). Since UE can also get timing alignment and UL allocation, the uplink transmission can be resumed when UE receive RA Response i.e. the uplink interruption time is:

12ms = t0+t1+t2+t3
the uplink allocation can be optimized based on scheduling information e.g. buffer status reported by UE and forwarded by the source eNB.
Based on discussion in section 2 it is possible that downlink interruption time maybe prolonged due to path switch. In the contention-free handover procedure the path switch procedure can be moved forwarded up to the time when RA message is received because of earlier UE identification. The forwarded UE context can be easily addressed by the C_RNTI which contain transport address of SAE GW. Since the start time of the path switch is moved from receiving Handover Complete message to receiving RA message, t3+t4 (14ms) is saved for the worst case in terms of downlink interruption time.
Similar to the contention-based handover the start time of the interruption for C-plane and U-plane is the same but the end of the interruption is different. from C-plane point of view downlink transmission could be resumed one TTI after RA Response message is transmitted i.e. t0+t1+t2+t3 . But from U-plane point of view it is different because of forwarded delay. Similarly in terms of forwarded delay the best case is t11 while the worst case is ( t0+t1+t2+t12 ). So the downlink interruption time is:
12 ms = maximum( t0+t1+t2+t3, t11), the best case ,or

12+t12-t3 ms = maximum( t0+t1+t2+t3, t0+t1+t2+t12), the worst case assuming t12>t3
4. Conclusion 
Since interruption in C-plane and U-plane is aligned the uplink interruption time can be valued either in C-plane or U-plane. And the main affecting factor is the RACH slot interval. The longer the interval is the bigger the uplink interruption time become. In downlink because forwarded PDCP SDU could arrive at the target eNB either before or later than when C-plane get ready so the downlink interruption time is sort of scope rather than only one value.
For contention-free handover the path switch procedure can be moved forward so it can run in parallel with RA Response message (t3=7.5ms) and Handover Complete (t4=6.5ms). compared to the path switch scheme used in the contention-based handover about 14ms is saved for the worst case.
5. reference
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6. Annex

Table 13.5: U-Plane interruption components and estimates

	
	Component
	Cause
	Estimate [ms] (contention based)
	Estimate [ms] (contention-free)

	(a)
	Radio layer process
	- DL synchronization time, including e.g., baseband and RF switching time
- UL resource request and timing advance acquisition

- UL resource granting
	12 ± 2.5*
	12 ± 2.5*

	(b)
	UL RRC signalling
	- RRC message encoding at the transmitter

- RRC transmission over the radio

- RRC processing time at the receiver
	6.5
	0

	(c)
	DL RRC signalling
	- RRC message encoding at the transmitter
- RRC transmission over the radio

- RRC processing time at the receiver
	6.5
	0

	(d)
	Forwarding delay
	- Source eNB processing
- Packet transmission over the X2 interface
	5
	5

	(d’)
	Path switch delay
	- Message transmission over the S1 interface
- Path switch processing time
- Packet transmission over the S1 interface
	11**
	11**


*assuming RACH slot interval is 5ms

**assuming transport delay over the S1 is 5ms

Table 13.5 shows the estimated mean value for each delay component. Therefore, the total average interruption times are estimated as below:
Contention-based access:
-
UL interruption time = 25 ms

-
DL interruption time = 18.5 ms ~29.5 ms
Contention-free access:
-
UL interruption time = 12 ms

-
DL interruption time = 12 ms ~15.5 ms
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