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Justification for the correction of the interruption times for GSM to UTRAN handover

1 Introduction

During GERAN#10, the interruption times for GSM to UTRAN handover were revised to align them with the formulas contained in the UTRAN specifications (the CRs can be found in [1] and [2]). However, recently the formulas in the UTRAN specifications to calculate the interruption time for hard handover from an FDD cell to another FDD cell have been revised by RAN4 (see [3], [4] and [5]). The reasons for this correction are explained in [6], [7] and [8], and are summarised in section 2. As a consequence, a further revision of the interruption time for inter-RAT handover from GSM to UTRAN is required, as discussed in section 3.

2 Summary of changes to the UTRAN specifications

Sub-clause 4.3.2.4 of TS 25.214 [22] specifies the “Synchronisation procedure A”, which is the synchronisation procedure used for Hard Handover, and which applies also in the case of inter-RAT handover to UTRAN. In that sub-clause it is stated that:

The transmission of the uplink DPCCH power control preamble shall start Npcp radio frames prior to the start of uplink DPDCH transmission, where Npcp is a higher layer parameter set by UTRAN [TS 25.331]. Note that the transmission start delay between DPCCH and DPDCH may be cancelled using a power control preamble of 0 length. The starting time for transmission of DPDCHs shall also satisfy the constraints on adding transport channels to a CCTrCH, as defined in [TS 25.212] sub-clause 4.2.14, independently of whether there are any bits mapped to the DPDCHs.
Npcp is the length of the power control preamble in number of frames, and is signalled to the UE by the network.
Clause 4.2.14 of TS 25.212 [21] states that:

Transport channels multiplexed into one CCTrCh shall have co-ordinated timings. When the TFCS of a CCTrCH is changed because one or more transport channels are added to the CCTrCH or reconfigured within the CCTrCH, or removed from the CCTrCH, the change may only be made at the start of a radio frame with CFN
 fulfilling the relation

CFN mod Fmax = 0,

where Fmax denotes the maximum number of radio frames within the transmission time intervals of all transport channels which are multiplexed into the same CCTrCH, including any transport channels i which are added, reconfigured or have been removed, and CFN denotes the connection frame number of the first radio frame of the changed CCTrCH.

In other words, in the target cell the UE shall wait to start transmission on the uplink DPCCH until Npcp radio frames prior to the start of the uplink DPDCH, which can only happen at an uplink TTI boundary common to all the transport channels that are multiplexed onto the same CCTrCh (Coded Composite Transport Channel). This is shown in Figure 1 (which has been taken from [8]), where it is assumed that Fmax = 4:
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Figure 1
For example, if the maximum TTI of all the transport channels multiplexed on the DPDCH is 40 ms, and Npcp is set to 0 (which is the worst case), the MS may have to wait up to 40 ms after it has achieved synchronisation with the target cell before it can start transmission in the uplink in the new cell. In the UMTS specifications, the interruption time for hard handover from an FDD cell to another FDD cell is specified as follows (see TS 25.133 [20], clause 5.2.2.2):

the time between the last TTI containing a transport block on the old DPDCH and the time the UE starts transmission of the new uplink DPCCH
Therefore, the delay uncertainty of the TTI of the uplink DCH needs to be considered in the calculation of the interruption time. In the CRs contained in [3], [4] and [5], the term 10·Fmax ms has been added to the formulas for the interruption time of hard handover. Also, in the test cases for hard handover contained in Annex A.5.2 of TS 25.133 [20], a value of 40 ms has been added to the performance requirements for the interruption time. A maximum TTI value of 40 ms (i.e. Fmax = 4) has been chosen because this is the typical value for dedicated signalling channels, i.e. the TTI of the transport channels that the DCCH is mapped to.

3 Changes needed to the GSM specifications

As stated in sub-clause 4.3.2 of TS 25.214 [22], “Synchronisation procedure A” is also used in the case of inter-RAT handover. Therefore, the delay uncertainty of the TTI of the uplink DCH needs to be considered also in the case of handover from a GSM cell to a UTRAN FDD cell. The current values of the interruptions times for GSM to UTRAN handover should be revised to take this into account
.

For example, looking at the default radio configurations defined in clause 13.7 of TS 25.331 [24], all the configurations but one are such that the maximum TTI is 40 ms. Given that these configurations will be used during handover from GSM to UTRAN, it is very likely that the case in which Fmax = 4 will occur very often in practice. Therefore it seems sensible to increase the interruption times by 40 ms, in keeping with what has been done in 25.133. If this is not done, there is a risk that a terminal which is correctly designed may not meet the requirements on interruption time. For example, in the test cases for inter-RAT handover to UTRAN defined in TS 51.010-1 [27], the length of the power control preamble
 is always set to 1 frame (15 slots). Therefore, the interruption time should be increased by at least 30 ms in order to avoid the possibility that the value of the interruption time given in the specifications be exceeded.

Siemens has provided in [28], [29] and [30] the CRs to correct the GSM specifications according to what has been described in the present document.

As can be seen from Figure 1, in theory only 10·(Fmax–1) ms would need to be added to the interruption time, rather than 10·Fmax ms as done in TS 25.133 (for example, if Fmax = 1, then the uplink transmission can start in any frame, and therefore there is no need to add anything to the interruption time). However, in order to maintain consistency with the UMTS specifications, it has been chosen to add the same amount as done in TS 25.133.

In clause 6.13 of TS 05.10 [18] and TS 45.010 [26], the interruption time for the case of inter-RAT handover is defined in terms of the “time the MS is ready to transmit on the new cell”; however, in the case of an inter-RAT handover to UTRAN, this last quantity is not defined anywhere in the two specifications. Therefore, it is proposed to add the following definition of "ready to transmit within x ms" in clause 6.10 of the two specifications: “The phrase "ready to transmit within x ms" means that the MS shall transmit no later than: […] the first uplink DPCCH frame that occurs after the x ms, in case of an inter-RAT handover to UTRAN”.

4 Further considerations

It is worth noting that the values of the interruption time for GSM to UTRAN handover are calculated using the formula of Tinterrupt2 given in subclause 5.2.2.2 of TS 25.133 [20]. One way of ensuring that future revisions of that formula do not require further changes to the values given in GERAN specifications would be, instead of including hard values for the interruption time in TS 05.10 [18] and TS 45.010 [26], to include a reference to the formula contained in [20]. However, since the risk of further revisions to the formula of Tinterrupt2 is considered minimal, in order to minimise the changes to the GERAN specifications, we have decided to simply update the values in Table 2 of [18] and [26].

A further issue to be highlighted is that there may be cases in which the maximum value of the TTI of all the transport channels multiplexed on the CCTrCh in the target cell is 80 ms, and therefore Fmax = 8. In order to deal with such cases, the value of the interruption time would have to be increased by 80 ms, rather than 40 ms as done in the CRs. However, it is considered that this case will not occur very often in the case of inter-RAT handover, and therefore we have decided to increase the interruption time only by 40 ms. In the CRs, it is proposed to add a note in TS 05.10 and TS 45.010 clarifying that a maximum TTI of 40 ms has been used to calculate the values in Table 2.

The CRs agreed in RAN4 only apply to the case of a hard handover from an FDD cell to another FDD cell. A similar change will need to be made also in the case of handover in which the target cell is a TDD cell. In fact, clause 4.2.13 of TS 25.222 [23] contains a similar requirement for TDD as the one contained in TS 25.212 for FDD:

Transport channels multiplexed into one CCTrCh shall have co-ordinated timings. When the TFCS of a CCTrCH is changed because one or more transport channels are added to the CCTrCH or reconfigured within the CCTrCH, or removed from the CCTrCH, the change may only be made at the start of a radio frame with CFN fulfilling the relation

CFN mod Fmax = 0,

where Fmax denotes the maximum number of radio frames within the transmission time intervals of all transport channels which are multiplexed into the same CCTrCH, including any transport channels i which are added reconfigured or have been removed, and CFN denotes the connection frame number of the first radio frame of the changed CCTrCH.

However, the changes for TDD have not been agreed in RAN4 yet. Siemens will provide corresponding CRs to TS 25.123 [19] and TS 25.133 [20] at the next RAN4 meeting (RAN4#26, 17-21 February 2003). The contributions can be found in references [9] to [17]. A separate set of CRs ([31], [32] and [33]) has been provided to revise the interruption times in case of handover to a TDD cell by adding an additional term equal to 40 ms as done in the case of handover to an FDD cell. By doing so, there is the option to agree the CRs for FDD at this meeting, and the CRs for TDD could either be agreed conditionally (pending a decision in RAN4) or postponed until GERAN#14, when the CRs to the UTRAN specifications for TDD will have been discussed in RAN4 and a final decision will have been made.

It is also worth noting that in the case of handover to TDD cell, the reference channel to calculate the interruption time is not the DPCCH (which exists only for FDD), but the DPCH, as indicated in sub-clause 5.1.2.2.1
 of TS 25.123 [19]:

The interruption time, i.e. the time between the end of the last TTI containing a transport block on the old DPCH and the time the UE starts transmission of the new uplink DPCH, is dependent on whether the target cell is known for the UE or not.

Therefore, in clause 6.10 of TS 05.10 and TS 45.010 the following sentence should be added specifying that, in case of handover to a TDD cell, "ready to transmit within x ms" means that the MS shall transmit no later than: “the first uplink DPCH frame that occurs after the x ms, in case of an inter-RAT handover to UTRAN”.

5 Conclusions

Siemens propose that the values of the interruption time for GSM to UTRAN handover be revised to take into account the changes that have been made to the UTRAN specifications, as described in the present document. If this is not done, there is the risk that a dual-RAT terminal which is correctly designed may not meet the requirements on the interruption time given in the GERAN specifications. The corresponding change requests are provided in [28], [29], [30] for FDD, and in [31], [32] and [33] for TDD.
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� The CFN (Connection Frame Number) is defined in 3GPP TS 25.402 as “the frame counter used for the L2/transport channel synchronisation between UE and UTRAN”. For further details see clause 5 of 3GPP TS 25.402 � REF _Ref31019449 \w \h ��[25]�.


� The formula of Tinterrupt2 in subclause 5.2.2.2 of TS 25.133 � REF _Ref27478975 \w \h ��[20]� has been used to calculate the current values of the interruption time for handover to a UTRAN FDD cell in Table 2 of TS 05.10 � REF _Ref27978561 \w \h ��[18]� and TS 45.010 � REF _Ref27978565 \w \h ��[26]�. As the formula has been revised, the values of the interruption time should be revised accordingly.


� In the case of inter-RAT handover, the value of Npcp is sent in the HANDOVER TO UTRAN COMMAND message.


� This sub-clause exists only in Release 4 and Release 5 versions of the specification. For Release 99, see sub-clause 5.1.2.2. The reason for this discrepancy is the introduction of the 1.28 Mcps TDD option (also known as Low Chip Rate TDD, or LCR-TDD) in Release 4 and following, in addition to the 3.84 Mcps TDD option which is the only one present in Release 99.


In the GERAN specifications, it may be necessary to have separate requirements for the interruption time for the two TDD options from Release 4 onwards, if the interruption times are different in the two cases.
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