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Introduction

The RRC specification allows the establishment of the Physical channel indirectly into soft handover.  However, message size limitation in the CELL UPDATE message does not allow the implementation of this procedure in the transition from CELL_PCH/URA_PCH to CELL_FACH.
The main aim of this document is to remove this limitation.
Discussion

The establishment of a DPCH directly in soft handover is already allowed in RRC R'99.  The RRC CONNECTION SETUP, the RADIO BEARER SETUP, the CELL UPDATE CONFIRM messages all include "Downlink information per radio link list", which can include up to 8 radio links.  The UE is required to establish the DPCH directly in soft handover if instructed to do so:

[…]

8.6.6.3a
Downlink information per radio link list

If the IE "Downlink information per radio link list" is included in a received message, the UE shall:

1>
if the message was received in CELL_DCH state and the UE remains in CELL_DCH state according to subclause 8.6.3.3 applied on the received message:
…

1>
otherwise:

2>
if the message was received in CELL_FACH state and the UE would transit to CELL_DCH state according to subclause 8.6.3.3 applied on the received message:

3>
establish a downlink physical channel configuration for each of the included radio links according to the IE "Downlink information for each radio link" as specified in subclause 8.6.6.4.
[…]
Unfortunately, the establishment of the DPCH directly in soft handover cannot be implemented in UTRAN if the SRNC does not have all the necessary information.  In order to establish the DPCH in soft handover the SRNC needs to have measurement reports of at least 2 cells.  However, message size restrictions prevent the inclusion of more than one cell in the IE "Measured results on RACH", when this IE is included in the CELL UPDATE message.
IE "Measured results on RACH" is also included in the INITIAL DIRECT TRANSFER, UPLINK DIRECT TRANSFER, MEASUREMENT REPORT (on UL DCCH) and RRC CONNECTION REQUEST (on UL CCCH) messages.  The messages sent on UL DCCH can be segmented and, therefore, could always include a large IE "Measured results on RACH".  Segmentation would lead to an additional delay in the procedure, but that would be compensated by a more reliable DPCH establishment.  The RRC CONNECTION REQUEST (sent on UL CCCH) cannot be segmented, but its size should be small enough to allow for the inclusion of the report of the strongest neighbour cell, in addition to the serving cell.  For this reason we focus our attention on the CELL UPDATE message.
When the UE is in CELL_PCH/URA_PCH state and needs to originate a call, it needs to transition to CELL_DCH as quickly as possible.  In MT calls the UE is paged and it will answer the page with a CELL UPDATE message (with cause "paging response").  UTRAN will likely move the UE directly to CELL_DCH to complete the NAS signalling, but the information that can currently be included in the CELL UPDATE message is not enough to allow the establishment of the DPCH directly in soft handover.  

Similarly if the UE is originating a call, it will likely send a CELL UPDATE message (with cause "uplink data transmission").  Also in this case UTRAN would not have enough information to establish directly the DPCH in soft handover.
In both cases (MT and MO), whenever the UE is in a soft handover area were the signal received by two distinct Node B is equally strong, there is a high probability that the DPCH establishment would fail.  UTRAN may try again until the DPCH establishment succeed, or until the user gets tired of waiting (MO call) and hangs up.  The lack of DPCH establishment in soft handover contributes to high call setup delays and high call setup failure rates.
The CELL UPDATE message size is about 131
 bits without the inclusion of the IE "Measured results on RACH".  The IE "Measured results on RACH" requires about
 12 + N*43 bits, where N is the number of additional cells included.  Even with a single additional cell, which is the least needed to establish DPCH in soft handover, the IE "Measured results on RACH" would require 55 bits.  The total size of the CELL UPDATE message would therefore be 131 + 55 = 186 bits, which cannot be currently be sent on UL CCCH because the reference configurations for UL CCCH currently used for testing and in most of the existing UMTS deployments has a block size limited to 166 bits.
Even if the modification of the reference configuration on UL CCCH seems the most obvious solution to this problem, it is not a practical one.  In fact, the size of the block of the UL CCCH determines the coverage area of the UL CCCH channel, and it is unrealistic to assume that operators would risk reducing the UL CCCH coverage area to solve a signalling problem.
The main responsible of the large size of the CELL UPDATE message is the inclusion of the START values for CS and PS domains (20 bits each for a total of 40 bits).  Other big contributors are the integrity protection IEs (32 bits for MAC, 4 bits for SN, 1 optionality bit, for a total of 37 bits) and the U-RNTI (12 bits for the S-RNC Identity and 20 bits for the S-RNTI).
Proposal
We propose a more efficient encoding of the CELL UPDATE message that would allow, thanks to its size reduction, the inclusion of at least one neighbour cell in the IE "Measured results on RACH".  This would in turn allow the establishment of DPCH in soft handover.
The CELL UPDATE message cannot be critically extended, as all the UL RRC messages.  For this reason a new mechanism would be needed to allow the introduction of new UL RRC messages.  In [1] we propose the signalling of the UTRAN Release on BCCH for Rel-6.  This would allow a Rel-6 UE to use the new optimized encoding of the CELL UPDATE message in a Rel-6 network and the old encoding in a pre-Rel-6 network.

The encoding optimizations that we propose are based on the high redundancy of the START values typically signalled by the UE.  Most of the times only few of the least significant bits of the START value are enough to fully express the START value.  A possible optimization would be to use for the START values an encoding similar to the one used for CTFC:
[…]

TFCS-InfoForDSCH ::=



CHOICE {


ctfc2bit






INTEGER (0..3),


ctfc4bit






INTEGER (0..15),


ctfc6bit






INTEGER (0..63),


ctfc8bit






INTEGER (0..255),


ctfc12bit






INTEGER (0..4095),


ctfc16bit






INTEGER (0..65535),


ctfc24bit






INTEGER (0..16777215)

}

[…]

-------------- Current START Value encoding------------

START-Value ::=





BIT STRING (SIZE (20))

-------------- New proposed START Value encoding------------

START-Value ::=





CHOICE {


start2bit






INTEGER (0..3),


start4bit






INTEGER (0..15),


start8bit






INTEGER (0..255),


start20bit






INTEGER (0..1048575)

}

The proposed encoding would reduce the size of the START value IE from 20 bits to 4 bits in most cases, i.e. when the value is smaller than 4.  This would result in a reduction of the CELL UPDATE message size of up to 32 bits (two START values per message), that would be enough to allow the inclusion in the message of the measurement report for the serving cell and for the strongest neighbour.
A similar technique could be used for the encoding of the S-RNTI, which is part of the U-RNTI.

-------------- Current S-RNTI encoding------------

S-RNTI ::=






BIT STRING (SIZE (20))

-------------- New proposed S-RNTI encoding------------

S-RNTI
::=





CHOICE {


srnti12bit






INTEGER (0..4095),


srnti20bit






INTEGER (0..1048575)

}

The proposed encoding would reduce the size of the message by 7 bits in most cases (when the S-RNTI value is smaller than 4096).
The changes proposed above have relatively low impact, since they only modify the encoding of the message.  The biggest change would be the use of alternative encoding depending on the UTRAN release as signalled on the BCCH [1].

Further reduction in the size of the CELL UPDATE message could be achieved with changes to the cell update procedure.  In particular, the need to send full length START values at every cell update procedure could be revisited.  However, these more drastic changes should be considered if the simple encoding schemes described in this document are not deemed sufficient.
Conclusion

A new optimized encoding of the CELL UPDATE message is here proposed.  It would allow the inclusion of at least 2 cells in the IE "Measured results on RACH".  This, in turn, would allow the establishment of the DPCH in soft handover immediately after the CELL UPDATE message is received by UTRAN.  The change of the ASN.1 encoding of the CELL UPDATE message would require the signalling of UTRAN Release on BCCH [1].  Changes to the cell update procedure could also be investigated. 
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