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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 issue was discussed in RAN4#63 [2,3]. However, no agreement was reached. In this contribution, we continue the discussion and propose some options to solve the issues raised in the LS.
2
Discussion
In TS 36.133 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, which 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).
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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
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 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.
The formula takes into the account of the RRC procedure delay, interruption uncertainty, the number of target cells (known or unknown). 
However, there are two issues associated with above formula: 

1) The allowed interruption time may be too short in some cases. For example, if there is only one known cell with searching window size smaller than 60chips in the message, the maximum allowed interruption time is only 200ms, which is actually the same as the cdma2000 1x Intra-RAT Hard Handover delay for handoff with return on failure. Consider E-UTRAN to cdma2000 1x is an inter-RAT handover, and it also does not allow to return back to E-UTRAN when the failure happens, the allowed interruption time should be more close to the cdma2000 1x Intra-RAT Hard Handover delay for handoff without return on failure, which is 300ms, instead of cdma2000 1x Intra-RAT Hard Handover delay for handoff with return on failure, which is 200ms.
2) The allowed interruption time may also be too loose in some other cases. For example, if there are 6 cells in the message to be added into active set with average searching window size of 300chips, the calculated allowed interruption time would be as large as 490ms, which is actually much larger than the time needed for E-UTRAN to cdma2000 1x handover.

Based on above analysis, we propose to modify the formula to match the E-UTRAN to cdma2000 1X handover delay achievable in a practical system by using a larger constant delay while reducing the impact of search window on the cell searching time as follows:
Tinterrupt = TIU + [140] + 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).
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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
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 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.
With the modification, the handover delay under best condition (1 target cell with search window smaller than 60 chips is 300ms. Although it is 100ms more than the delay calculated by current formula, but it matches the cdma2000 1x Intra-RAT Hard Handover delay without return on failure. The impact of searching window size and number of cells are still considered as current formula but in a more practical way. Using previous example, if there are 6 cells in the message to be added into active set with average searching window size of 300chips, the calculated allowed interruption time will be 350ms (20+140+10*6+130), which is much shorter than 490ms calculated based on current formula. In another words, the modified formula matches more closely to the E-UTRAN to cdma2000 1X handover delay achievable in a practical system and the network will expect less variation of handover delays under different scenarios.

3
Conclusion
In this paper, we discussed the handover delay requirements from E-UTRAN to cdma2000 1x defined in TS 36.133, which may have issues of being too tight for some HO scenarios, which the UE vendors may have problem to meet them; while too loose for other HO scenarios, which may cause large degradation for HO services. We proposed a solution for the problem, which modifies the formula for calculating handover delay in the HO delay requirements from E-UTRAN to cdma2000 1X in TS 36.133 in order to match the minimum performance achievable in practical systems. The constant part which is independent with the HO conditions is increased by 100ms, while the impact of search window size on the delay is reduced. With the modified formula, the E-UTRAN to cdma2000 1X handover delay requirements will match more properly with the minimum performance achievable in practical systems, and the network will expect less variation of handover delays under different scenarios.
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