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1. Introduction

At RAN2#48bis meeting a preliminary description of logical and transport channels for LTE was agreed in [1], which included proposals to merge the Paging Channel together with a new Downlink Shared Channel and to introduce changes to the RACH.

In conjunction with [10] (which considers the PCH), this contribution looks at the benefit that could be gained from these proposals for faster initial access both for Network-Initiated and for UE-Initiated calls or service requests.

2. Discussion

We provide in this part an analysis of some of the points listed as FFS in the description for the RACH in [1] in order to propose a model for the RACH in the E-UTRAN.

The following description is included in [1] as a proposal for the RACH as a Transport Channel:

1.
Uplink Shared channel (UL-SCH) characterised by:

-
dynamic or semi-static resource allocation; (Note: new attribute, FFS on whether there would be two types of UL-SCH)

-
possibility of CQI reporting. (Note: new attribute, FFS on whether there would be two types of UL-SCH)

NOTE:
the possibility to use uplink synchronisation and timing advance depend on the physical layer.
It is FFS, whether a Random Access Channel is included. If yes, it would be characterised by the following attributes:

2.
Random Access Channel(s) (RACH) characterised by:

-
limited data field;

-
collision risk;

-
possibility to use HARQ.

NOTE:
the possibility to use open loop power control depends on the physical layer solution.
In this part we further explore the characteristics for the RACH in the E-UTRAN.

We support the view that the RACH is needed when the network is not aware of a UE requiring access and resource allocation, i.e. both for initial access at call set-up and for initial access at cell reselection or handover, as supported also by [4] & [2].

We also agree that the RACH should have no data field, as the transmission of user data will be more efficient on Shared Channels [2] & [5], in line with the LTE requirements for optimum use of channels and resources.
Furthermore, reducing the size of the RACH serves to minimise the time used for sending the RACH and allows to further minimise the risk of collision.

This is therefore our first proposal for a model for the RACH in the E-UTRAN:

Proposal 1: The RACH exists as a separate uplink contention based access-request channel, for network access only, without transmission of user data
The basic information that the RACH should carry for the network to grant resources should take the following form, as advocated by [5] & [6]:

· Unique UE Identifier (network- or cell-specific)

· Cause value/reason/priority for service or signalling request

An indication of the amount of data (or data rate) awaiting transmission could also be included.

In the case of a UE-initiated call or service request, we would see a benefit in terms of Radio Bearer set-up time if the UE could indicate to the network some of the parameters that it would require for its resource allocation.

We therefore propose that as well as the information listed above, the RACH request also includes an indication of the type of service or data that the UE wishes to transmit:

In a parallel proposal to Proposal 4 in [10], the RACH could transmit an indication of the default or stored configuration that the UE wishes to use for the transmission of its service and data, thereby signalling to the network some of the characteristics required for the resource allocation.

The network may react to the transmission of this configuration during the initial access request in two ways:

· If the network accepts the default/stored configuration settings sent by the UE, it then only needs to send an implicit acknowledgement for these, which would allow a much faster set-up of Radio Bearers and reduce the delay for the transmission of first packets

· If the network rejects the default/stored configuration settings sent by the UE, it then sends a negative acknowledgement for those settings and initiates an exchange by explicit signalling to indicate which stored configuration and Radio Bearer parameters the UE should use

It must be noted that if default and/or stored configurations are used, the procedures described in [3] would apply for the set-up and update of the configurations.

This leads to our second proposal for a model for the RACH in the E-UTRAN:

Proposal 2: For UE-initiated calls, the RACH carries an indication of the default/stored configuration for the service type or data that the UE requests resource allocation for, uniquely associated with its network or cell identifier in the initial access request

The initial access request therefore contains a network- or cell-specific UE identifier together with an indication of the default/stored configuration requested for the resource allocation in a unique combination.

As an illustration of this, [7] suggests for instance that the UE identifier is a cell-specific C-RNTI allocated with a physical channel procedure as part of the L1 synchronisation process, where a configuration request is sent on the RACH by using a scrambling code derived from the allocated C-RNTI: as a result, the C-RNTI does not need to be included in the information transmitted, as it is implicitly included in the scrambling code used.
As RACH access operates on the principle of random selection of a signature or code among a set of Access Service Classes signatures, it may be possible that two UEs perform the procedure with the same selected signature: it should be ensured that the range of signatures limits such occurrences.

The parameters in the RACH system information that are used in the selection of an Access Service Class signature are the UL Interference and Dynamic Persistence Level, which in UTRA are transmitted to the UE in SIB7.

For network-initiated calls in LTE, it has been suggested in [9] (and also in [8] for Rel-7) that these parameters could be added to the Paging Information in order to assign UE-specific values: this would provide the network with some flexibility in prioritizing RACH access and allow a more efficient allocation of RACH access codes & signatures, in a network-aware environment with possible future inputs such as UE locations or channel conditions through CQI reporting.

Including the UL Interference and Dynamic Persistence Level parameters in the Paging Information would also bring the added benefit that a paged UE would have an immediate reading of which parameters to use for RACH access, thereby reducing delay by avoiding the need for a reading of SIB7 (or similar) to get an update of these parameters, resulting in faster access.

This is our third proposal for a model for the RACH in the E-UTRAN:

Proposal 3: UE-specific values for RACH system information (UL interference and Dynamic persistence level) are included in the Paging Information addressed to a UE on the Paging Channel

This applies to network-initiated calls, where RACH parameters are provided as part of the Paging Information for UEs that are paged.

As an extension to this for UE-initiated calls, where a UE is therefore not being paged individually, we propose that default RACH information be also provided on the Paging Channel, in a Default Paging Information message that UEs may read before initiating an access request. This Default RACH information would be multiplexed together with the individual Paging Information messages normally addressed to UEs that are being paged, and read as default by UEs that do not receive any individual Paging Information message.

This is our fourth proposal for a model for the RACH in the E-UTRAN:

Proposal 8: The Paging Channel includes a Paging Information message containing default RACH system information (UL interference and Dynamic persistence level), aimed at UEs that are not Paged individually

Proposals 1-4 above present our model for the RACH in the E-UTRAN.

3. Proposal

We have made a series of proposals for the RACH in the E-UTRAN, with the aim to provide flexible configurations and faster initial cell access.

The proposals are recapitulated below:

Proposal 1: The RACH exists as a separate uplink contention based access-request channel, for network access only, without transmission of user data
Proposal 2: For UE-initiated calls, the RACH carries an indication of the default/stored configuration for the service type or data that the UE requests resource allocation for, uniquely associated with its network or cell identifier in the initial access request

Proposal 3: UE-specific values for RACH system information (UL interference and Dynamic persistence level) are included in the Paging Information addressed to a UE on the Paging Channel

Proposal 4: The Paging Channel includes a Paging Information message containing default RACH system information (UL interference and Dynamic persistence level), aimed at UEs that are not Paged individually

In conjunction with [10], the model presented is one where an association has emerged between Paging and RACH operation, where the symmetrical use of default/stored configurations and the exchange of dynamic RACH system information will result in simpler resource allocation and faster initial cell access both for network-initiated and for UE-initiated access requests.

4. Conclusion

In this paper we have proposed to modify the functionality of the RACH so that it also carries some indication of resource allocation and Radio Bearer configuration for faster initial cell access.

We propose that this approach be selected as a basis for further work on the transport channels in the general radio interface architecture.

A text proposal is appended to this document. We propose capturing this in the TR25.813. Note that this text proposal overlaps with the text proposal provided in [10] in relation to the PCH.
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6. Text Proposal for TR 25.813

-- Start of Text Proposal --

5.2.2
Transport channels

Downlink transport channel types are:

1.
Broadcast Channel (BCH) characterised by:

-
low fixed bit rate;

-
requirement to be broadcast in the entire coverage area of the cell.

2.
Downlink Shared Channel (DL-SCH) characterised by:
-
possibility to use HARQ;

-
possibility of applying link adaptation by varying the modulation, coding and transmit power;

-
possibility to be broadcast in the entire cell;

-
possibility to use beamforming;

-
dynamic or semi-static resource allocation; (Note: new attribute, FFS on whether there would be two types of DL-SCH)

-
possibility of CQI reporting; (Note: new attribute, FFS on whether there would be two types of DL-SCH)

-
support of UE power saving. (Note: “association with a physical layer signal, the Page Indicator, to support efficient sleep mode procedures” in current 25.302)

NOTE:
the possibility to use slow power control depends on the physical layer.
It is FFS whether a separate Paging Channel would exist or if additional attributes would be added to the SCH. 
If the DL-SCH includes the attributes of a Paging Channel, the roles performed by Evolved Paging Indicators on the DL-SCH would include the following:

· An Evolved Paging Indicator contains an indication for the default/stored configuration to be used for initial access to the network
· the Paging information in an Evolved Paging Indicator includes values for RACH system information (UL interference and Dynamic persistence level), either UE-specific when addressed to individual UEs paged or default for UEs that are not paged individually
If a separate Paging Channel is included, the following characteristics apply:

3.
Paging (and Notification) Channel (P(N)CH) characterised by:
-
support of UE power saving; (note: “association with a physical layer signal, the Page Indicator, to support efficient sleep mode procedures” in current 25.302)

-
requirement to be broadcast in the entire coverage area of the cell.

It is FFS whether a separate Multicast Channel (MCH) would exist or if additional attributes will be added to the SCH.
Uplink transport channel types are:

1.
Uplink Shared channel (UL-SCH) characterised by:

-
possibility to use beamforming; (likely no impact on specifications)

-
possibility of applying link adaptation by varying the transmit power and potentially modulation and coding;

-
possibility to use HARQ;

-
dynamic or semi-static resource allocation; (Note: new attribute, FFS on whether there would be two types of UL-SCH)

-
possibility of CQI reporting. (Note: new attribute, FFS on whether there would be two types of UL-SCH)

NOTE:
the possibility to use uplink synchronisation and timing advance depend on the physical layer.
It is FFS, whether a Random Access Channel is included. If yes, it would be characterised by the following attributes:

2.
Random Access Channel(s) (RACH) characterised by:
· - contention based access-request channel without transmission of user data;

-
collision risk;

-
possibility to use HARQ.

NOTE:
the possibility to use open loop power control depends on the physical layer solution.
 [ -- cut -- ]

5.3.1.1.1
Control Channels

Control channels are used for transfer of control plane information only. The control channels offered by MAC are:

-
Broadcast Control Channel (BCCH)


A downlink channel for broadcasting system control information.

-
Paging (and Notification) Control Channel (P(N)CCH)


A downlink channel that transfers paging information (and also notifications for MBMS FFS) , as well as performing transmission of RACH system information . This channel is used when the network does not know the location cell of the UE.

-
Common Control Channel (CCCH)


An uplink channel, used by the UEs having no RRC connection with the network, carrying an indication of the default/stored configuration for the service type or data that the UE requests resource allocation for, uniquely associated with the UE network or cell identifier; to be transported by the RACH.
-- End of Text Proposal --
