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Introduction

This contribution discusses the expected UE behavior in case of handover failure (e.g. FDD to GSM handover failure). In particular, it points to a lack of specification for the recovery mechanism both in terms of procedure and requirements.
UE scenario under consideration

The UE scenario under consideration is as follows (although inter-RAT is used in the example, IFHO would be relevant as well):

1. The UE operates in UTRA-FDD mode and is in CELL_DCH state

2. The UE receives a HANDOVER FROM UTRAN COMMAND message
3. The UE switches its L1 to the new RAT and attempts to acquire the new RAT

4. The UE fails to acquire the new RAT

5. The UE switches its L1 back to UTRA-FDD mode of operation and makes an attempt to re-establish the physical channel which was established prior to the HO attempt.
6. At this stage the expected UE behavior is unclear in terms of

a. Synchronization procedure

i. Should the UE assume out-of-synch state (no power control preamble)?

ii. Should the UE assume DPCH establishment (transmit a power control preamble)?

iii. Is the UE allowed to resume DPDCH transmission immediately?

iv. Does it matter?

b. Transmission power

i. Should the UE transmit with the same DPCCH power as when it stopped operating on UTRA-FDD?

ii. Should the UE transmit with the same initial DPCCH power as when the DPCH was initially established?

iii. Does it matter?

Associated events on the network side

Node B side
Depending on the UTRAN configuration one or more of the following events may occur as the UE goes through the scenario defined earlier:

1. The UL DPCH for the UE may go out-of-synch and Node B may inform the RNC
2. The UL DPCH for the UE reappears with undefined power depending on the UE power control behavior when returning to UTRA-FDD due to an HO failure.

3. The UL DPCH in-synch event may or may not happen prior to the UE transmission of the HANDOVER FROM UTRAN FAILURE message on the DPCH (i.e. the first transmission of the message may be lost).

4. The RNC may order to Node B to tear down the DPCH (ie DL transmission )at any time.
RNC side

Depending on the UTRAN configuration one or more of the following events may occur as the UE goes through the scenario defined earlier:
1. The RNC may decide to release the UTRA-FDD resource for that UE after a certain timer expires
2. The RNC may receive CN signaling releasing the UTRA-FDD resource for that UE

3. The RNC may receive out-of-synch indication from the Node B

4. The RNC may later receive in-synch indication from the Node B

5. The RNC may receive the HO failure message from the UE
CN side
The following may occur on the core network side:

1. Protocol timer expires and trigger a tear down of the connection with the UE before reacquisition of the UE by UTRAN
Discussion

Based on the UE scenario and possible associated network events there are two areas which warrant discussion within 3GPP, i.e. areas which have an impact on interoperability:

1. UE transmission power

2. Timing 

UE transmit power

Leaving the transmit power unspecified may result in some impact on the Node Bs in the neighborhood of the UE. Indeed, from the UE side the best option is to select the highest possible transmit power. This could however result in problematic interference issues on the Node B side. Reasonable options for selection the DPCH power when resuming transmission could be:

· Last used before switching L1 to the other RAT (same as when resuming transmission after out-of-sync)
· Initial transmit power signaled for DPCH transmission
Timing
There are two separate issues relative to the timing aspect. One relates to the timing at which the UE may resume the DPCH transmission. The other relates to the minimum requirement (i.e. maximum tolerable delay) for the UE to declare HO failure and resume transmission on the DPCH.

Resuming of transmission

In principle, when returning from another RAT the UE L1 will have lost synchronization with the DL DPCH and need to re-acquire the synchronization (certain implementations may actually be able to maintain the DL synchronization and even DL reception).
From the UE layer 1 perspective, an inter-RAT HO failure is equivalent to the UE being previously on an other RAT and as specified in TS 25.214 section 4.3.2.1 one could argue that the UE should then apply synchronization procedure A. From the UE side, synchronization procedure A involves the establishment of DL synchronization (according to the first phase defined in TS 25.214 section 4.3.1.2) and the transmission of a power control preamble before being allowed to transmit any data on the DPDCH.
Although not referred to in the current specification, another way to look at the situation would be to consider it as a regular out-of-sync situation and handle it as defined in the second phase defined in TS 25.214 section 4.3.1.2.

Table 1
	Procedure
	Sync procedure A
	Out-of-sync
	Sync procedure C

	Minimum time for CPHY‑Sync‑IND reporting
	40 ms
	160 ms

	Best effort decision by the UE based on DPCCH quality or successful reception of a transport block (note that DPDCH transmission is not interrupted by the Node B during the HO procedure)

Could be a few ms), but no worse than 40 ms.

	PC preamble duration
	0-70 ms
	N/A
	0-70 ms

	SRB delay
	0-70 ms
	N/A
	0-70 ms

	Delay until resuming the DPCCH transmission
	40 ms
(This assumes that N312, the number of CPHY-Sync-Ind until DPCH is considered established, is set equal to 1)
	160 ms
	0-40 ms
(N312 only applies to synchronization procedure A and would therefore not apply here)

	Total delay until resuming the DPDCH transmission
	40-180 ms
	160 ms
	0-180 ms


The main differences between these two approaches are described in table 1. Although the maximum delay until the DPDCH transmission resumes is about the same, following synchronization procedure A enables the network to ensure that when the DPDCH transmission resumes, the DPCCH power has converged to the desired set point of the power control loop (assuming the power control preamble length is not set to zero).
Based on these considerations it seems appropriate for the UE to follow synchronization procedure A. However, one should note that the RRC signaling only requires the UE to store and use the power control preamble duration and SRB delay for the initial DPCH establishment (TS 25.331, section 8.6.6.11)  which may have occurred in a different cell possibly controlled by a different RNC. In short, the value for these IE may not be relevant for the particular Node B capability. Yet, even in the worst case scenario (assuming N312=1) using synchronization procedure A will be equivalent to applying the out-of-sync procedure.

As discussed already in 3GPP RAN WG1, there is no reason for the UE to wait for 40 ms until it can report CPHY‑Sync‑IND if the UE acquires the DL DPDCH in less time. This is especially relevant in case of HO failure as the time until recovery significantly affects the user experience (e.g. voice call). A third alternative would therefore be to define synchronization procedure C which allows the UE to report CPHY‑Sync‑IND immediately. In addition, the RRC signaling could support optional IE to update the value of the PC preamble duration and SRB delay specifically for the HO recovery situation (e.g. include these IE in the RL addition message).
Performance requirement

Despite a pointer to TS 25.133 in section 13.5 of TS 25.331, there is currently no specific performance requirement for maximum delay from the reception of the inter RAT HO command to the transmission of the HO failure message in case of HO failure. 
Although it is not clear whether such performance requirement is worth testing, it would certainly be worth having a common understanding relative to this value. Indeed, it seems that in some cases the upper layer protocol timers are set to values which are too low and which result in the connection being released even before the UTRAN and UE have had a chance to go through the HO failure recovery procedure. Introducing a reference performance requirement would provide a useful pointer to a 3GPP reference to set higher layer protocols timers when encountering problems in the field.

As a first step the basic assumption could be to cumulate the minimum performance requirement for successful HO procedure delay and for initial DPCH establishment. 

Proposed way forward

In light of the above discussion we suggest the following action in 3GPP

1. Clarify the DPCCH power to be used when resuming DPCCH transmission after a HO failure

a. QUALCOMM's preference is to use the power used prior to the HO attempt

2. Clarify the synchronization procedure to be used 

a. QUALCOMM's preference is to assume synchronization procedure A for R99-Rel-5 and an updated version of synchronization procedure A for Rel-6 and beyond.

3. Clarify the maximum delay for the HO procedure in case of HO failure & recovery attempt

a. RAN WG4 needs to be involved

Conclusion

We have described a system scenario under which the UE behavior is currently not fully specified. We have explained our motivation for the introduction of more specific UE behavior under this scenario, described a number of options and identified the ones which we would recommend as being the common understanding and/or for inclusion in the specification. 
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