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1
Introduction

RAN4 received an LS from 3GPP2 TSG-C on Handover Delay Requirement from E-UTRAN to cdma2000 1x [1]. In the LS, it says:

3GPP TS 36.133 has specified the air interface handover delay requirements from E-UTRAN to cdma2000 1X to be 200ms. 3GPP2 C.S0005 has specified cdma2000 1x intra-RAT hard handover delay requirement to be 300ms.

We think the air interface handover delay requirement from E-UTRAN to cdma2000 1X specified in TS 36.133 is a little bit tight compared with the existing cdma2000 1x intra-RAT hard handover.

3GPP2 kindly requests 3GPP to modify the air interface handover delay requirement from 200ms to 300ms to align with the existing cdma2000 1x intra-RAT hard handover delay requirement.

This contribution discusses the issue raised in the LS.
2
Discussion
2.1
E-UTRAN – cdma2000 1X Handover Delay
In TS 36.300, the handover procedure from E-UTRAN to cdma2000 1X starts when E-UTRAN initiates a handover by sending a RRC HANDOVER FROM E-UTRA PREPARATION REQUEST message to the UE. This message includes the specified target RAT type and any cdma2000 specific 1xRTT access parameters needed by the UE to create the appropriate 1xRTT Origination Request message. The 1xRTT handover signalling is tunnelled between the UE and 1xRTT network. The 1xRTT access parameters and 1xRTT messages are transparent to E-UTRAN. The messages are transferred inside RRC transfer messages and S1 CDMA2000 tunnelling messages. The handover procedure ends when E-UTRAN sends the RRC MOBILITY from E-UTRA COMMAND message to the UE in which the tunnelled “CDMA2000 handover command” is included. After this message is received by the UE, the UE leaves the E-UTRAN radio and start acquiring the 1xRTT traffic channel.

In TS 36.133 the handover procedure from E-UTRAN to cdma2000 1X is “initiated when E-UTRAN sends handover command to the UE through dedicated RRC signalling” (Note: It is not started when E-UTRAN sends handover request message). The E-UTRAN to cdma2000 1X handover delay (Dhandover) is defined as the sum of the RRC procedure delay, which is 130 ms plus the interruption time. When the UE receives a RRC message implying handover to cdma2000 1X, the UE shall be ready to start the transmission of the new reverse control channel in cdma2000 1X within Dhandover from the end of the last E-UTRAN TTI containing the RRC command.
The interruption time is the time between the end of the last TTI containing the RRC command on the E-UTRAN PDSCH and the time the UE starts transmission of the reverse control channel in cdma2000 1X, excluding the RRC procedure delay. The interruption time depends on whether the target cell is already known to the UE or not. The interruption time shall be less than Tinterrupt:

Tinterrupt = TIU + 40 + 10*KC*SWK + 10*OC*SWO ms

Where:

TIU
It is the interruption uncertainty when changing the timing from the E-UTRAN to the new cdma2000 1X cell. TIU can be up to one cdma2000 1X frame (20 ms).

SWK 
is  SWK =
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 where srch_win_k is the number of cdma2000 1x chips indicated by the search window for known target cdma2000 1x cells in the message

SWO 
is  SWO =
[image: image2.wmf]ú

ú

ù

ê

ê

é

60

srch_win_o

 where srch_win_o is the number of cdma2000 1x chips indicated by the search window for unknown target cdma2000 1x cells in the message

KC 
It is the number of known target cdma2000 1X cells in the message, and

OC 
It is the number of unknown target cdma2000 1X cells in the message.
In short, the interruption time defined in TS 36.133 is not a fixed number of 200ms. It depends on the RRC procedure delay, interruption uncertainty, the number of target cells, the search window size, as well as whether the target cells are known or not. 200ms is actually the smallest, allowed interruption time when there is only one cdma2000 1X cell, which is known to the UE with search window smaller than 60 cdma2000 1x chips. In general cases, however, the allowed interruption time will be larger than 200ms.
2.2
cdma2000 1x Intra-RAT Hard Handover Delay
The handoff procedure delay corresponding the cdma2000 1x Intra-RAT Hard Handover is defined in Section 2.6.6.2.5.2 of 3GPP2 C.S0005[3], where it is defined that 

· the mobile station shall send the Handoff Completion Message within T73m (=0.3) seconds after the action time of the received handoff message if the handoff message specifies a hard handoff without return on failure

· the mobile station shall send the Handoff Completion Message within T56m (=0.2) seconds after the action time of the received handoff message if the handoff message specifies a hard handoff with return on failure.

As shown above, 3GPP2 C.S0005 has specified two maximum allowed hard handover delays for cdma2000 1x Intra-RAT Hard Handovers: 200ms for a hard handoff with return on failure, and 300ms for a hard handoff without return on failure. One of the main reasons that the hard handoff delay for without return on failure (300ms) is longer than the delay (hard handoff delay for with return on failure is that the former include the time for the acquisition of the pilots in the new Active Set (see Section 2.6.6.2.8.1 in [3]), while the latter does not include it.
2.3 Comparison of Handover Delay in 3GPP TS 36.133 and 3GPP2 C.S0005

As discussed above, TS 36.133 does not require all handover procedure from E-UTRAN to cdma2000 1X to be completed in 200ms. Instead, the 200ms is the allowed delay for a special, ‘best’ scenario where the UE does not need to search for more cdma2000 1X cells. The 200ms is actually aligned with the handover delay of 200ms defined in 3GPP2 C.S0005 for cdma2000 1x Intra-RAT Hard Handovers a hard handoff with return on failure. Therefore, the handover time delay from E-UTRAN to cdma2000 1X is properly defined in TS36.133, and there is no need to make further modification.
3
Conclusion
In this paper, we made the comparison of the handover delay requirements from E-UTRAN to cdma2000 1x defined in TS 36.133 and the cdma2000 1X intra-RAT hard handoff delay requirements defined in 3GPP2 C.S0005. The conclusion is that the allowed delays without including the acquisition of the pilots in the target cells in the active set are basically defined to be the same in the two specifications. 3GPP2 C.S0005 gives additional maximum 100ms for the UE to the acquisition of the pilots in the target cells in the active set, while 3GPP TS 36.133 allows additional delay based on the number of target cells to be searched and their search window sizes. Based on the comparison, it is our view that the handover delay in 3GPP TS 36.133 is defined properly, and thus modification is not needed. A draft LS reply is prepared based on the analysis in [4]. 
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