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1 Introduction

The goal of this document is to pinpoint some issues regarding the measurement capability of a dual RAT UE ( GSM / UMTS FDD ) looking for an handover towards a GSM or an UMTS FDD cell. Only handover procedures (UTRA FDD to GSM and GSM to UTRAFDD) are discussed even if  cell (re)selection may have the same constraints.
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[2] GSM 05.08 v8.2.0
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3 Handover UTRA FDD to GSM

This case refers to the situation where a dual RAT UE, operating in a UTRA FDD cell, has to perform a handover through a GSM cell. Some decoding and measurements processes are needed for the pre-synchronisation of the target GSM cell as stated in [1] (decoding of the BSIC).

Theses measurements can be managed during the gap of the compressed UTRA frame (see 3G TS 25.302 version 3.0.0).
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Figure 1 : illustration of compressed mode pattern parameters

The possible TGL values are 3, 4, 5 ,7 Slots (15/10 ms each ) for one UTRA (FDD & TDD) frame but it can be extended up to 10 and 14 on 2 successive UTRA frames.

This TGL can be seen as the IDLE frame of the 26-GSM multiframe. So the UE will have to search for FCCH and SCH bursts on the GSM 51-multiframe, according the list of neighbour cell broadcast in the system information on the P-CCPCH (Primary Common Control Physical Channel). But, as a main difference, there is no more the relationship in time between a UTRA frame and a 51-GSM multiframe as it is in GSM between 26-Multiframe and 51-Multiframe. 

In GSM, the IDLE slot is used to perform measurement and BSIC decoding operation on 51-Multiframe by opening a "long measurement windows " of about 12 GSM Time Slots which is about  6 ms. In addition , the time between Rx and Tx  and Tx and Rx is also used for signal power measurement. 

The relationship between the GSM 26-multiframe and the GSM 51-Multiframe allows to be 100% certain to have one FCCH burst aligned with one IDLE burst in between 12 "long measurement windows". So the worst case takes about 12*120ms = 1,4 s to be able to find a FCCH burst.

So a basic idea is to have a gap of at least 6 ms in the UTRA frames in order to allow the same operation as in GSM. 6 ms is about 6 / (10/15) = 9 UTRA Slots with a pattern which reproduces the conditions of the worst GSM case.
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Figure 2 : GSM frames and compressed UTRA frames

The value of 9 UTRA slot as a gap is not allowed in the UMTS specifications so we propose to have a gap of 10 UTRA slots shared by 2 successive UTRA frames with 3 and 7 slots as gap values. In order to reproduce the spacing between the 2 GSM Idle slots, the gaps should be spaced by 120 ms so 12 UTRA frames. To be 100% sure to find a FCCH in the same time as in pure GSM synchronisation mechanism, the Pattern Duration ( PD) is equal to 12.

This leads to the following pattern for the compressed UTRA frames :
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 Figure 3 : Pattern with PD = 12 patterns; TGL = 10 Slots; TGP = 12 Frames

So with a pattern of 12 UTRA frames and a gap made on the 2 firsts compressed frames , it is possible to reproduce the GSM mechanism between the 26 multiframe and the 51 multiframe. The proposed pattern has the following parameters : PD = 12 ; TGL = 10 slots and TGP = 12 frames.

The other question is about the duration of this mechanism : The best solution in order to avoid to have an infinite duration of such mechanism is to have a relevant signalling for the neighbouring cells. This signalling should indicate if there are GSM cells as adjacent cells and allow to run this pattern only for the synchronisation of the GSM neighbour cells. On this pattern we could add smaller gaps in the last 10 frames to allow the UE to perform some other measurements like power measurements for instance, the last gap being used for BSIC decoding before the measurements can be reported to the RNC. The other solution is to use parallel patterns in order to have synchronisation pattern in parallel with measurements pattern. 

4 Handover from GSM to UTRA FDD

This case refers to the situation where a dual RAT UE, operating in a GSM cell , has to perform a handover through a UTRA FDD cell.

4.1 General description

The synchronisation process for a UTRA FDD cell is based on the reading of 2 sub-channels of the synchronisation channel : the primary SCH and the secondary SCH as stated in the 25.211 :
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Figure 4 : The UMTS synchronisation channels : primary SCH and Secondary SCH.

Cp is unique for the whole UTRA FDD system but there are 64 possible combinations of Cs sequences (Cs#0, Cs#1,… Cs#14) each of them corresponding to a scrambling code group. None of these 64 combinations (Cs#0, Cs#1,… Cs#14) can be recognised by a circular rotation of an other one. a is a constant value indicating whether transmit diversity is used or not.

So the goal for a dual RAT mobile, operating in a GSM cell, is to be able to read and decode the Cs sequence (Cs#0, Cs#1,…, Cs#14 ) on the secondary synchronisation channel  of the target UTRA FDD cell. As in the previous case, the measurement windows from the GSM point of view is the Idle time Slot of the GSM 26-Multiframe which represents about 6ms in time to perform a pre synchronisation on the UMTS adjacent cell.

4.2 Issues when reading the SCH from a UTRA FDD cell

So one problem to solve is to have a "measurement window" of 6 ms to recover the information in the sequence of the secondary synchronisation channel (Cs#0, Cs#1,… Cs#14)  is spread over a 10 ms period. 

There we have to distinguish the GSM circuit switched case from the GSM packet switched case.

· For the CS domain , it seems to be very difficult to use only the IDLE time slot of the GSM 26-multiframe. For GSM to GSM handover , the frames immediately preceding the idle frames, over an SACCH period, can optionally not be used for measurement ( short measurement window not used) and dedicated for pre synchronisation purpose. (see GSM 05.08 ). To dedicate this specific frame to an additional Idle state is not acceptable because of the degradation of the throughput.

· For the PS domain one solution could be to ask the network to send to the dual RAT UE a bitmap of possible measurement windows : one GPRS block is about 20 ms long, so only "holes" of one GPRS block could be enough to allow the measurement of the Secondary SCH  (10 ms are needed), even if there is no synchronisation between the GSM 52-multiframe used in packet switched case and the UTRA frame.

Basically, there are 2 ways to indicate the uplink allocation to a MS operating in Packet (GPRS) :


The dynamic allocation where a flag ( USF = Uplink State Flag) gives the possibility to such or such Mobile to use the corresponding uplink block to transmit through the BTS. As the radio block dedicated for one Mobile can carry the USF for an other Mobile, a GPRS Mobile has to listen to all the downlink blocks (according to the multislot capability).


The fixed allocation which is a bitmap sent to each Mobile and giving the information of which block on which time slot can be used by this Mobile for the uplink. In this case also, the mobile has to listen to the downlink blocks carrying the signalling ( PACCH ).

Both methods are standardised and have theirs pros and cons in terms of reactivity (on a block basis or on a time period basis) and battery saving.

So the idea is to leave the network add a hole of one GPRS block in the allocation (by the bitmap or by an appropriate USF scheduling ) to give to the Mobile the necessary time to capture the secondary SCH combination.

As it is needed to ensure that during this hole (No Tx operation), there is no simultaneous Rx operation performed by the Mobile for PACCH purposes, we propose to have a pre allocation mechanism sent by the network to the Mobile , indicating when ( Number of blocks and number of time Slots) the Mobile will have to listen to the downlink channel.

This pre-allocation downlink mechanism should be co-ordinated with the hole made for measurement purposes to give time to the mobile ( no Tx and no Rx operation scheduled). Additionally, this pre allocation mechanism for the downlink could be useful to save battery life because the Mobile will only have to decode blocks (dedicated or not to this Mobile) according for example a bitmap. 

4.3 Downlink Scheduling proposal for PS domain

The principle is to send on the downlink PACCH some information on which radio blocks the MS should listen to, and therefore which information the MS can avoid to decode. There are different ways to apply the principle, and we will describe a few of them. Nevertheless, a choice of one of them should be made and would be the subject to further contributions.

4.3.1 Broadcast Scheduling

In this example, the BSS sends on the downlink a broadcast MAC PDU signaling message with the planned scheduling of the next coming blocks.

The message would typically be a bitmap for each of the MS which have been allocated on that PDCH, and be limited to planning in advance a few tens of radio blocks.

A MS receiving that message would then be able not to decode the radio blocks which have been designated as belonging to somebody else.

4.3.2 Acknowledged scheduling

In this example, the BSS sends on the downlink a MAC PDU signaling message to one specific MS with the planned scheduling of the next coming blocks for that MS.

The message would typically have a similar format as the uplink bitmap allocation principle, and allow to send the message only on the PACCH for the whole list of PDCH on which the MS is located.

A MS receiving that message would then be able not to decode the radio blocks which have been designated as not belonging to it. 

The message could be acknowledged by the MS. The acknowledgement should be used to estimate the path-loss between the BTS and the MS so that downlink power control can be applied.

4.3.3 Pre-emption

Even with the proposed mechanism, a MS has to read the address (TFI) for the decoded block, which allows the BSS to change opinion between the last scheduling message and the sending of the radio block. This allows to therefore to pre-empt any radio block until the last moment.

4.3.4 DRX mode

A further enhancement that could be considered would be to define a position for the radio blocks that can contain a downlink scheduling RLC/MAC PDU. This could be MS specific, and basically a MS would listen only to that occurrence to detect a downlink scheduling message addressed to it. If wrongly decoded, the MS could have to listen to all the subsequent blocks until the next occurrence of the downlink scheduling RLC/MAC PDU.

Additionally, this kind of mechanism can reduce significantly the number of uselessly decoded radio blocks on the downlink, by helping the MS knowing in advance which radio blocks could be skipped.

5 Conclusion

In this paper , we have try to pinpoint specific issues relative to Handover between GSM and UTRA FDD system.

For handover from UTRA FDD to GSM, the basic idea is to have a gap of at least 6 ms in the UTRA frames in order to allow the same operation as in GSM. 6 ms is about 6 / (10/15) = 9 UTRA Slots with a pattern which reproduces the conditions of the worst GSM case. A pattern is proposed with this background. On this pattern we could add smaller gaps in the last 10 frames to allow the UE to perform some other measurements like power measurements for instance, the first gap being used for BSIC decoding before the measurements can be reported to the RNC.

For handover from GSM to UTRA FDD, we propose to add a pre allocation mechanism in order to allow the MS to have time to perform UMTS measurement. Room is made by the network during allocation : No Tx action is to perform for the Ms during one GPRS block (20 ms free to manage measurements) and no Rx action will scheduled thanks to a pre allocation downlink mechanism (one proposal is to have a similar form as the current bitmap allocation for the uplink)

But this solution only cover the packet case; for the circuit switched case, we still have a timing problem : 

How to perform measurement of the Secondary –SCH (10ms) with a measurement window of 6 ms (IDLE frame in CS-GSM) ?
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