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Introduction

The values of the interruption times of intra-system and inter-RAT handover have been discussed at length during the feasibility study of LTE and they have been captured in the requirements TR [1].  The purpose of this document is to show that the current inter-RAT handover requirements for LTE are less demanding than for UMTS.  This may result in the user perception that LTE does not interwork with legacy systems as well as UMTS does.
Discussion
According to the Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN) [1] the interruption time during a handover of real-time services between E-UTRAN and GERAN shall be less than 300 ms.  This value was discussed during the Study Item phase of the LTE activity in TSG RAN.  RAN3 has also discussed this issue [3] and concluded that the User Plane interruption time during inter-RAT handover is in the range of 65ms to 79ms for the handover from 2G/3G to LTE and in the range of 160ms to 260ms for the handover from LTE to 2G/3G.  RAN3 concluded that the requirement of "less than 300ms" can be met.
3GPP has already specified inter-RAT handover procedures in the past, for example for the GSM((UMTS handover.  The values of the interruption times for this type of handover can be found in the respective UE/MS performance specifications.  The UMTS performance specs [4] state that the interruption time from UMTS to GSM shall be less than 40ms (UE has synchronised to the GSM cell already) or less than 140ms (the UE has not yet synchronised to the GSM cell).  In [5] the interruption time for the GSM to UMTS handover is required to be less than 120ms (known FDD cell) and less than 220 ms (not known FDD cell).
	
	GSM ( UMTS
	2G/3G ( LTE
	UMTS ( GSM
	LTE ( 2G/3G

	Low value
	120ms (known FDD cell)
	? (65ms to 79ms possible)
	40ms (UE synchronized to GSM cell)
	? (160ms to 260ms possible)

	High value
	220 ms (not known FDD cell)
	300ms


	140ms (UE not synchronized to GSM cell)
	300ms


Table 1.  Interruption times in inter-RAT handover procedure
Table 1 summarizes all the interruption times discussed above.  It can be noticed that the requirements for the LTE inter-RAT handover are significantly higher than for the handover from GSM to UMTS and much higher than for the handover from UMTS to GSM.  Moreover, the current requirements do not differentiate between "known target cell" and "not known target cell".
The agreed requirement for intra LTE handover is described as a relative requirement with respect to CS domain handover in GSM.  In particular it is stated in [1] that the impact of intra E-UTRA handovers on quality (e.g. interruption time) shall be less than or equal to that provided by CS domain handovers in GERAN.

If we do not apply the same principle to the inter-RAT handover from and to LTE, the performance of an LTE UE may look noticeably inferior to the user, when compared to the performance of a UMTS/GSM terminal, in particular if the inter-RAT handover is triggered often, which may be especially true in the initial phase of the LTE deployment.

If we try to achieve similar performance in terms of interruption time, we should define more precise requirements that take into account what can be achieved by UMTS and GSM.  A possible set of values for the LTE inter-RAT handover interruption requirements could be as captured in Table 2.
	
	2G/3G (( LTE

	Low value
	40ms - 120ms (known target cell)

	High value
	140ms - 220ms (not known target cell)




Table 2.  Proposed range for interruption times for LTE inter-RAT handover procedure

Note that the lower range (40ms and 140ms) reflects the current requirement for the UMTS to GSM handover, which is more widely deployed and possibly more critical than the GSM to UMTS handover.
In this document we do not address in detail the issue of how it will be possible to perform handover from LTE, which only supports PS services, to GSM/GPRS, which supports PS and CS services.  The underlying assumption is that the user should not notice any difference regardless of how the services are provided (CS or PS), i.e. we assume that the requirement for the interruption time of VoIP to CS voice handover will be as stringent as the requirement for CS voice to CS voice handover.  More details can be found in [6].
Conclusion

In this document we discuss the interruption times of inter-RAT handover.  We show how the existing requirements defined for LTE are less stringent than what can be achieved today in existing inter-RAT handover procedures and we propose to refine the LTE requirements to better capture the different scenarios, e.g. "known target cell" vs. "not known target cell".
Appendix
From the LTE requirement TR [1]:

[…]

7.3
Mobility

The E-UTRAN shall support mobility across the cellular network and should be optimized for low mobile speed from 0 to 15 km/h. Higher mobile speed between 15 and 120 km/h should be supported with high performance. Mobility across the cellular network shall be maintained at speeds from 120 km/h to 350 km/h (or even up to 500 km/h depending on the frequency band). Voice and other real-time services supported in the CS domain in R6 shall be supported by E-UTRAN via the PS domain with at least equal quality as supported by UTRAN (e.g. in terms of guaranteed bit rate)　over the whole of the speed range. The impact of intra E-UTRA handovers on quality (e.g. interruption time) shall be less than or equal to that provided by CS domain handovers in GERAN.
[…]

8.4
Co-existence and interworking with 3GPP RAT

The following requirements are applicable to inter-working between E-UTRA and other 3GPP systems:

a)
E-UTRAN Terminals supporting also UTRAN and/or GERAN operation should be able to support measurement of, and handover from and to, both 3GPP UTRA and 3GPP GERAN systems correspondingly with acceptable impact on terminal complexity and network performance.
b)
E-UTRAN is required to efficiently support inter-RAT measurements with acceptable impact on terminal complexity and network performance, by e.g. providing UE's with measurement opportunities through downlink and uplink scheduling.

c)
The interruption time during a handover of real-time services between E-UTRAN and UTRAN is less than 300 msec
d)
The interruption time during a handover of non real-time services between E-UTRAN and UTRAN should be less than 500 msec

e)
The interruption time during a handover of real-time services between E-UTRAN and GERAN is less than 300 msec
f)
The interruption time during a handover of non real-time services between E-UTRAN and GERAN should be less than 500 msec
g)
Non-active terminals (such as one being in Release 6 idle mode or CELL_PCH) which support UTRAN and/or GERAN in addition to E-UTRAN shall not need to monitor paging messages only from one of GERAN, UTRA or E-UTRA
h)
The interruption time during a handover between an E-UTRA broadcast stream and a UTRAN unicast stream providing the same service (e.g. same TV channel) is less than FFS. (Value to be agreed following SA guidance)

i)
The interruption time during a handover between an E-UTRA broadcast stream and a GERAN unicast stream providing the same service (e.g. same TV channel) is less than FFS. (Value to be agreed following SA guidance)

j)
The interruption time during a handover between an E-UTRA broadcast stream and a UTRAN broadcast stream providing the same service (e.g. same TV channel) is less than FFS. (Value to be agreed following SA guidance)
[…]

From the feasibility status report [2]:

[…intra-MME/UPE HO procedure in E-UTRAN…]

Table 13.5 shows the estimated mean value for each delay component. Therefore, the total interruption time on average are estimated as below:

-
UL interruption time = 30 ms

-
DL interruption time = 30 ms (25 ms, if forwarded packets are available at the target eNB before path switch).

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 as low as 15 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.
[…]

13.10
Co-existence and inter-working with 3GPP RAT

The U-plane interruption time is a part of the U-plane transient period, which is the time between the reception of the HO command in UE and the U-plane route update. The HO preparation period does not contribute to the U-plane interruption time. 

Based on the analysis of the U-plane transient period, the total interruption time is expected to be lower than the requirement for inter-RAT handover, even in the case of inter-RAT HO from LTE to 2G/3G. The data forwarding time is expected not to affect the total DL interruption time. 

Note : See clause 6.18.1 in [3GPP TD RP-060292 R3.018] for detailed analysis.
[…]

From [3]:

[…]

6.18.1.3 U-plane interruption time
The delay for each category is estimated in Table 6.19.2-3. Depending on the direction of handover, the time taken by the RRC signaling would be quite different as shown on the table. Although these figures are based on speculations, the values are thought to be valid for this case study, neither optimistic nor pessimistic. Based on this table, the interruption time is calculated as follows.

· Inter-RAT HO from 2G/3G to LTE

· UL : 70 ms

· DL : 65 ms (Forwarded data from the source RAN are available)
         79 ms (No forwarded data from the source RAN are available)

· Inter-RAT HO from LTE to 2G/3G

· UL : 260 ms

· DL : 160 ms (Forwarded data from the source RAN are available)
         174 ms (No forwarded data from the source RAN are available)

The requirements for inter-RAT handover in LTE are specified in TS25.913. The most stringent value is 300 ms for RT services between 3G and LTE. As a preliminary result, it can be said this requirement will be fulfilled. 
[…]
From the UMTS performance specs [4]:
[…handover from UTRAN to GSM…]

5.4.2.2
Interruption time

The interruption time, i.e. the time between the end of the last TTI containing a transport block on the old channel and the time the UE is ready to transmit on the new channel, shall be less than The value in table 5.3.

Table 5.3: FDD/GSM handover - interruption time

	Synchronisation status
	Interruption time [ms]

	The UE has synchronised to the GSM cell before the HANDOVER FROM UTRAN COMMAND is received
	40

	The UE has not synchronised to the GSM cell before the HANDOVER FROM UTRAN COMMAND is received
	140


[…]

From the GSM performance specs [5]:
[…]

6.13
Timing of intersystem channel change from GSM to UTRAN

When the MS receives an INTER SYSTEM TO UTRAN HANDOVER COMMAND (see 3GPP TS 44.018), it shall be ready to transmit on the new channel within Tdelay of the last timeslot of the message block containing the command, unless the access is delayed to an indicated starting time, in which case it shall be ready to transmit on the new channel at the designated starting time, or within Tdelay, whichever is the later. The time between the end of the last complete speech or data frame or message block sent on the old channel and the time the MS is ready to transmit on the new cell shall not exceed Tinterrupt. Tdelay and Tinterrupt are defined in table 2 for the case of intersystem handover to a single UTRAN cell assuming good radio conditions. 

Table 2: Intersystem handover delay and interruption times.

	Target cell
	Tdelay (ms)
	Tinterrupt (ms)

	Known FDD cell 
(see 3GPP TS 25.133)
	220
	120

	Not known FDD cell 
(see 3GPP TS 25.133)
	320
	220

	Known TDD cell 
(see 3GPP TS 25.123)
	190
	90

	Not known TDD cell 
(see 3GPP TS 25.123)
	350
	250


[…]
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