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1 Introduction

This contribution revisits the HO interruption study which was previously made for TR 25.912 ‎[2] and proposes text for a corresponding TR. The analysis is contained in the text proposal.

2 Latency analysis, conclusions and proposal
It is proposed to agree on and capture the latency assessment contained with the following text proposal where changemarks are relative to Section 13.6.2 in TR 25.912:

13.6.2
Assessment on U-plane interruption time during handover
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Figure 13.3: U-Plane interruption involved in the intra-MME/UPE HO procedure in E-UTRAN

The generic handover procedure assumed in E-UTRAN is shown in Figure 13.3, with associated delays encountered in the procedure. In the figure four constituents for the U-plane interruption are identified, i.e., (a) radio layer process, (b) UL RRC signalling, (c) DL RRC signalling, and (d) path switch. Each component is elaborated below.

-
Radio layer process (a)

This is the delay between HO command to UL resource allocation, hence consisting of these elements:

1)
Frequency synchronization: The time taken for frequency synchronisation depends whether the target cell is operating on the same carrier frequency as the currently served frequency or not. However, this should be very small because the UE has already identified and measured the target cell. Thus, the UE should have somewhat recent frequency synchronization, and the delay caused by this element is then negligible.

2)
DL synchronization: It is thought that baseband and RF alignments may take some time. Although concrete evaluation was not performed, it is assumed that 
UE has acquired DL synchronisation to the target cell in conjunction with previous measurement and can relate the target cell DL timing to the source cell DL timing with an offset. Hence, the delay caused by this element should be less than 1 ms.
3)
UL resource request and timing advance acquisition: This delay depends on the procedure applied:
i)
RACH procedure: Should the RACH procedure be applied, the RACH allocation in the cell would dictate how long the UE has to wait before getting the first opportunity to send a RACH message and the possible need for resending. This is a fallback option for cases where non-contention based access (option ii) below) fails or is not possible.

ii)
Dedicated RACH preamble procedure: Should the RACH procedure be applied, the RACH allocation in the cell would dictate how long the UE has to wait before getting the first opportunity to send a RACH message and the possible need for resending due to e.g. power ramping.


Some details as to the timing of the RA response remain to be settled. Reasonably accurate estimates of the delay for UL resource request and timing advance acquisition can however be provided as follow. For method i (worst case), if no retransmission is needed, the delay consists of (1) waiting for an access slot for the preamble, (2) transmission of the RA preamble, and (3) waiting for and decoding the RA response which contains timing advance information and UL resource allocation for the the HO complete message. The mean time of (1) could be 2.5 ms (assuming two access slots in 10 ms). The duration of (2) depends on the deployment scenario (e.g. ISD), but a common value is 1 sub-frame, i.e. 1ms. The delay (3) from the end of the preamble transmission to having decoded the RA response is eNB implementation dependent, but 7.5ms is considered feasible (items 3 + 4 in C-plane latency assessment). These numbers result in a mean delay of 11ms from the moment that the UE has synchronized to the downlink to the moment that an UL grant has been received. A retransmission of the preamble adds to the delay at least one RTT or the access slot separation, whichever is longer. A random back-off system may also be employed, which implies that the mean delay for a retransmission is larger than the access slot separation. Various proposals for how the initial random waiting time can be reduced or avoided have been made, but are not considered in this analysis.


-
RRC signalling (b), (c)


The detailed relation between RRC signalling and pausing/resuming of the U-plane is yet to be concluded. 

For contention based access (method i), this evaluation assumes that resuming of the U-plane is triggered by RRC signalling, i.e., the HO complete triggers resuming of the DL U-plane in the target eNB, whereas the HO complete ack triggers resuming of the UL U-plane. The delay represented in this component includes the time taken to encode the RRC message at the transmitter, the time taken to transmit the message over the radio interface, and the time required to process the message at the receiver. Of the three, the time taken to transmit over the radio interface is thought to be the dominant factor. This delay can be reduced by scheduling the message at a high priority and by using a low error rate transport format. In the optimal case, this delay is expected to be approximately 5 ms, but could end up significantly longer, e.g. 20 ms, due to HARQ/ARQ. Analogous to the C-plane latency assessment, we here assume a 30% HARQ retransmission, which with a HARQ RTT of 5 ms corresponds to an average additional delay of 1.5 ms.
NOTE:
For time critical messages such as RRC signalling at HO, 30% HARQ retransmission is considered a pessimistic assumption.

For non-contention based access (method ii), U-plane transmissions can possibly be resumed before RRC signalling is completed since the UE and its arrival is uniquely identified to the network by the preamble itself and successful access is acknowledged to the UE by the RA response. Hence, for non-contention based access , UP delay due to RRC signalling can be avoided if there is no need for eNB to receive HO COMPLETE before continuing U-plane transmission.
-
Forwarding delay at path switch (d)


Packets sent to the source eNB just before the switching in the GW experience additional transport delay to the target-eNB because they are routed via the source eNB. However this delay does not generally result in an increase of handover interruption time if there is other data available to transmit. Worst case is when there is only 1 packet to transmit to the UE around the handover and this packet is just sent to the source-eNB when the GW decides to switch. Assuming that S1 delays to source eNB and target eNB are similar, this packet will experience an additional delay from source eNB processing and X2 transport delay. I.e., the patch switch 

According to this model, the total interruption time of the U-plane in the UL is (a) + (b) + (c), whereas the interruption in the DL is (a) + (b) or (d), whichever is larger. Note that if forwarded packets are available in the target eNB before path switch, the total interruption time in the DL would be (a) + (b). The forwarding can continue even after the path switch, depending on the amount of data that had to be forwarded and the transmission rate over the inter-eNB interface. However, what is essential is the delay for the first forwarded packet to arrive at the target eNB, as the target eNB can then resume transmission as soon as the radio layer is ready, receiving the HO complete. It is generally assumed that the forwarding delay (of the first packet) is smaller than the radio layer delay (a) + (b).
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


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.

Contention-free access:
-
UL interruption time = 12 ms

-
DL interruption time = 12 ms.

Note that these estimates may vary depending on the detailed procedures that are yet to be decided. Depending on how U-plane data forwarding is done between the source and target eNBs, the U-plane interruption time seen by the application layer may be increased due to possible duplicate transmissions of the forwarded data from the target eNB. However, in a typical case the U-plane interruption time is unlikely to exceed 100 ms. On the optimistic end, interruption times below 12 ms are possible.

The time spent between the instance when the UE decides to transmit the measurement report and the UE receives the HO command does not contribute to the U-plane interruption. However, this delay is also expected to be kept within a bearable limit in order to avoid radio link loss between the UE and eNB, and to avoid impact on capacity.
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