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Introduction

In the RAN WG2 meeting #6 the introduction of the SHCCH logical channel for signalling of USCH and DSCH allocations between UTRAN and UE was agreed. In the specification TS25.301 some changes have become necessary to reflect this shared channel operation. The text proposals for the following changes are presented in this CR:

· Description of the data flow through Layer 2 for SHCCH traffic,

· Description of the data flow through Layer 2 for USCH traffic,

· Removal of MAC signalling from the figure “Interaction between RRC and lower layers in the C plane”

· Update of the model of DSCH,

· Inclusion of the model of USCH.

Text Proposal

The text proposal is presented on the following pages.

1 Scope

2 References

3 Definitions and Abbreviations

4 Assumed UMTS Architecture

5 Radio interface protocol architecture

5.1 Overall protocol structure

5.2 Layer 1 Services and Functions

5.3 Layer 2  Services and Functions

5.3.1 MAC Services and Functions

This sections provides an overview on services and functions provided by the MAC sublayer. A detailed description of the MAC protocol is given in 3GPP TS 25.321 [7].

5.3.1.1 MAC Services to upper layers

5.3.1.2 MAC functions

The functions of MAC include:

· Mapping between logical channels and transport channels. The MAC is responsible for mapping of logical channel(s) onto the appropriate transport channel(s).

· Selection of appropriate Transport Format for each Transport Channel depending on instantaneous source rate. Given the Transport Format Combination Set assigned by RRC, MAC selects the appropriate transport format within an assigned transport format set for each active transport channel depending on source rate. The control of transport formats ensures efficient use of transport channels.

· Priority handling between data flows of one UE. When selecting between the Transport Format Combinations in the given Transport Format Combination Set, priorities of the data flows to be mapped onto the corresponding Transport Channels can be taken into account. Priorities are e.g. given by attributes of radio access bearer services and RLC buffer status. The priority handling is achieved by selecting a Transport Format Combination for which high priority data is mapped onto L1 with a “high bit rate” Transport Format, at the same time letting lower priority data be mapped with a “low bit rate” (could be zero bit rate) Transport Format.  Transport format selection may also take into account transmit power indication from Layer 1.   

· Priority handling between UEs by means of dynamic scheduling. In order to utilize the spectrum resources efficiently for bursty transfer, a dynamic scheduling function may be applied. Priority handling on common and shared transport channels is realized by MAC. Note that for dedicated transport channels, the equivalent of the dynamic scheduling function is implicitly included as part of the reconfiguration  function of the RRC sublayer. For TDD it is regarded as further study item.

Note that in the TDD mode the data to be transported are represented in terms of sets of resource units.

· Scheduling of broadcast, paging and notification messages. This function provides mechanisms for efficient transfer of broadcast, paging and notification messages by means of  appropriate scheduling and repetition of the messages.
· Identification of UEs on common transport channels. When a particular UE is addressed on a common downlink channel, or when a UE is using the RACH, there is a need for inband identification of the UE. Since the MAC layer handles the access to, and multiplexing onto, the transport channels, the identification functionality is naturally also placed in MAC.  

· Multiplexing/demultiplexing of higher layer PDUs into/from transport blocks delivered to/from the physical layer on common transport channels. MAC should support service multiplexing for common transport channels, since the physical layer does not support multiplexing of these channels. 

· Multiplexing/demultiplexing of higher layer PDUs into/from transport block sets delivered to/from the physical layer on dedicated transport channels. The MAC allows service multiplexing for dedicated transport channels. This function can be utilized when several upper layer services (e.g. RLC instances) can be mapped efficiently on the same transport channel. In this case the identification of multiplexing is contained in the MAC protocol control information.

· Traffic volume monitoring. Measurement of traffic volume on logical channels and reporting to RRC. Based on the reported traffic volume information, RRC performs transport channel switching decisions. 

· 
· Maintenance of  a MAC signalling connection between  peer MAC entities. This function supports unacknowledged transfer of  MAC-internal messages between peer MAC entities. A MAC signalling connection is required in the TDD mode.  

· Monitoring the links of the assigned resources. This function provides means for monitoring link quality in TDD mode (used by MAC for fast DCA).

· Dynamic Transport Channel type switching. Execution of the switching between common and dedicated transport channels based on a switching decision derived by RRC.

· Ciphering. This function prevents unauthorized acquisition of data. Ciphering is performed in the MAC layer for transparent RLC mode.

The following potential functions are regarded as further study items:

· 
· Successive Transmission on RACH.  This function is needed when the mobile station continues to transmit the succeeding (second or more) radio frames because the message length is longer than a radio frame.
[Note: This function requires further clarification. Contributions are invited.]
· Access Service Class selection for RACH transmission. The RACH resources (i.e. access slots and preamble signatures) may be divided between different Access Service Classes in order to provide different priorities of RACH usage. This function selects, based upon the  type of data to be transmitted, the RACH parameters in accordance with  the Service Access Class assignment.

[Note: This function may support admission control.  Its impact on BCCH capacity and its effects on RACH interference, retransmission and back-off time remains ffs.]

5.3.2 RLC Services and Functions

5.3.3 Data flows through Layer 2 

Data flows through layer 2 are characterized by the applied data transfer  modes on RLC (acknowledged, unacknowledged and transparent transmission) in combination with the data transfer type on MAC, i.e. whether or not a MAC header is required. The case where no MAC header is required is referred to as “transparent” MAC transmission. Acknowledged and unacknowledged RLC transmissions both require a RLC header.  In unacknowledged transmission, only one type of unacknowledged data PDU is exchanged between peer RLC entities  In acknowledged transmission, both (acknowledged) data PDUs and control PDUs are exchanged between peer RLC entities. 

The resulting different data flow cases are illustrated in  Figures 7 -  10.  On the level of  detail presented here, differences between acknowledged and unacknowledged RLC transmission  are not visible. Acknowledged and unacknowledged RLC transmission is shown as one case, referred to as non-transparent RLC.  

[Note: The term “transparent transmission” is used here to characterize the case where a protocol, MAC or RLC,  does not require any protocol control information (e.g. header). In transparent transmission mode, however, some protocol functions may still be applied.  In this case an entity of the respective protocol must be present even when the protocol is transparent. For the RLC protocol the segmentation/reassembly function may be applied. This can be performed without segmentation header when a given higher layer PDU fits into a fixed number of RLC PDUs to be transferred in a given transmission time interval.  In this case segmentation/reassembly follows predefined rules known to sending and receiving RLC entities. For instance in the user plane, the segmentation/reassembly function is needed for the case of real-time services using high and possibly variable bit rates. For such services higher layer PDUs shall be  segmented into reasonably sized RLC PDUs of fixed length allowing efficient FCS error detection on the physical layer. The higher layer PDU can be reassembled by  simply concatenating all RLC PDUs included in a transport block set as implied by the used  transport format.]

Figure 1 and Figure 2 illustrate the data flows for transparent RLC with transparent and non-transparent MAC transmission, respectively.

Figure 3 and Figure 4 illustrate the data flows for non-transparent RLC with transparent and non-transparent MAC transmission, respectively. 

For acknowledged RLC transmission mode, a single RLC PDU may include more than one segment (referred to as Payload Unit, cf. TS 25.322 [8]) of  RLC SDU. This  feature, referred to as RLC header compression, is not shown here in the data flow. 

A number of MAC PDUs shown in the figures shall comprise a transport block set. Note, however, that in all cases a transport block set must not necessarily match with a RLC SDU. The span of a transport block set can be smaller or larger than a RLC SDU.

Each mapping between a  logical channel  and a transport channel  as defined in Fehler! Verweisquelle konnte nicht gefunden werden. and Fehler! Verweisquelle konnte nicht gefunden werden. in combination with the respective RLC transmission mode implies a certain data flow which is specified  on a general  level in the following. 
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Figure 1: Data flow for transparent RLC and MAC 




Figure 2: Data flow for transparent RLC and non-transparent MAC 




Figure 3: Data flow for non-transparent RLC and transparent MAC 




Figure 4: Data flow for non-transparent RLC and MAC  

5.3.3.1 Data flow for BCCH mapped to BCH (ffs.)

5.3.3.2 Data flow for PCCH mapped to PCH (ffs.)

5.3.3.3 Data flow for SCCH mapped to SCH (ffs.)

5.3.3.4 Data flow for CCCH mapped to FACH/RACH (ffs)

For CCCH, transparent or unacknowledged transmission mode on RLC  is employed. A MAC header may be used for logical channel identification (CCCH, CTCH, SHCCH, DCCH, DTCH). When no MAC header is used, CCCH must be the only channel mapped to RACH/FACH. If the transparent RLC transfer mode is applied, depending on whether the MAC header is needed or not, either the data flow Figure 1 or Figure 2 is applicable. If the unacknowledged RLC transfer mode is applied, depending on whether the MAC header is needed or not, either the data flow Figure 3 or Figure 4 is applicable.  

[Note: It might be possible that some of the above mentioned options can be removed when all messages carried on CCCH  have been specified in detail.]
5.3.3.5 Data flow for SHCCH mapped to FACH/RACH 

For SHCCH, transparent or unacknowledged transmission mode on RLC is employed. A MAC header may be used for logical channel identification (CCCH, CTCH, SHCCH, DCCH, DTCH). When no MAC header is used, SHCCH must be the only channel mapped to RACH/FACH. If the transparent RLC transfer mode is applied, depending on whether the MAC header is needed or not, either the data flow Figure 1 or Figure 2 is applicable. If the unacknowledged RLC transfer mode is applied, depending on whether the MAC header is needed or not, either the data flow Figure 3 or Figure 4 is applicable. 
5.3.3.6 Data flow for DCCH mapped to FACH/RACH 

For DCCH, both unacknowledged and acknowledged transmission mode on RLC  is employed. A MAC header is mandatory for FACH/RACH carrying DCCH. The data flow shown in Figure 4 is applicable. 

5.3.3.7 Data flow for DCCH mapped to DSCH

For DCCH, both unacknowledged and acknowledged transmission mode on RLC  is employed. A MAC header is needed if  DCCH and DTCH logical channels are multiplexed in MAC before mapping to a DSCH, i.e. either the data flow in  Figure 3 or Figure 4 is applicable.
5.3.3.8 Data flow for DCCH mapped to USCH

For DCCH, both unacknowledged and acknowledged transmission mode on RLC  is employed. A MAC header is needed if  DCCH and DTCH logical channels are multiplexed in MAC before mapping to a USCH, i.e. either the data flow in  Figure 3 or Figure 4 is applicable.
5.3.3.9 Data flow for DCCH mapped to CPCH

For DCCH mapped to CPCH, unacknowledged or acknowledged transmission modes on RLC are employed. The MAC header is needed for logical channel service multiplexing. Figure 10 is the applicable data flow to this case. 

5.3.3.10 Data flow for DTCH (non-transparent RLC) mapped to FACH/RACH 

Mapping to FACH/RACH implies a  DTCH with acknowledged (possibly also unacknowledged, ffs.) transmission on RLC. A MAC header is mandatory for FACH/RACH when carrying DTCH. The data flow shown in Figure 4 is applicable.

5.3.3.11 Data flow for DTCH (non-transparent RLC) mapped to DSCH

Mapping to DSCH implies a  DTCH with acknowledged (possibly also unacknowledged, ffs.) transmission on RLC. A MAC header is needed if  DCCH and DTCH logical channels are multiplexed in MAC before mapping to a DSCH, i.e. either the data flow in  Figure 3 or Figure 4 is applicable.
5.3.3.12 Data flow for DTCH (non-transparent RLC) mapped to USCH

Mapping to USCH implies a  DTCH with acknowledged (possibly also unacknowledged, ffs.) transmission on RLC. A MAC header is needed if  DCCH and DTCH logical channels are multiplexed in MAC before mapping to a USCH, i.e. either the data flow in  Figure 3 or Figure 4 is applicable.
5.3.3.13 Data flow for DTCH (transparent RLC) mapped to DCH

Continuous DTCH data stream is segmented into transport blocks on RLC and mapped on a DCH transport channel on MAC. The transport block size is naturally implied by the data rate. Both RLC and MAC sublayers are transparent, i.e. no protocol control information is added, when no multiplexing of DTCH on MAC is applied.  The data flow shown in  Figure 1 is applicable. If multiplexing on MAC is performed, a MAC header is needed, and Figure 2 applies.

5.3.3.14 Data flow for DTCH (non-transparent RLC) mapped to DCH

In this case acknowledged or unacknowledged transmission on RLC is applied. A MAC header is needed only if multiple DTCH logical channels are multiplexed in MAC before mapping to a DCH, i.e. either the data flow in  Figure 3 or Figure 4 is applicable.

5.3.3.15 Data flow for DTCH (non-transparent RLC) mapped to CPCH. 

This case requires both non-transparent RLC and MAC operations. The data flow shown in Figure 10 is applicable. 

5.3.3.16 Data flow for DCCH mapped to DCH

In this case non-transparent transmission mode on RLC is applied. A MAC header is needed only if  DCCH and DTCH logical channels are multiplexed in MAC before mapping to a DCH, i.e. either the data flow in  Figure 3 or Figure 4 is applicable.

5.4 Layer 3 - RRC Services and Functions

5.4.1 RRC services

5.4.2 RRC functions

5.5 Interactions between RRC and lower layers in the C plane

The RRC protocol controls and signals the allocation of radio resources to the UE. RRC allows MAC to arbitrate between users and radio access bearers within the radio resource allocation. The RRC uses the measurements done by the lower layers to determine which radio resources that are available. Therefore it is a need for a measurement report from the UE RRC to the UTRAN RRC. Figure 5 illustrates the principle. The local control and local measurements reporting is handled through the control SAPs between RRC and the lower layers.  
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Figure 5: Interactions between RRC and lower layers

5.6 Protocol termination

5.6.1 Protocol termination for DCH 

5.6.2 Protocol termination for RACH/FACH

5.6.3 Protocol termination for FAUSCH

5.6.4 Protocol termination for CPCH 

5.6.5 Protocol termination for DSCH 

5.6.5.1 DSCH definition

The DSCH is a resource that exists in downlink only. It has only impact on the physical and transport channel levels, so there is no definition of shared channel in the logical channels provided by MAC. 

The DSCH is a transport channel shared dynamically between several UEs. The DSCH is mapped to one or several physical channels such that a specified part of the downlink resources is employed. For the DSCH no macrodiversity is applied, i.e. a specific DSCH is transmitted in a single cell only.

The following three DSCH cases are presently considered, in the following denoted as cases A, B, and C:  

Case A: The DSCH is defined is an extension to DCH  transmission. DSCH related resource allocation is signalled utilizing the transport format indication field (TFI) that will be mapped to the TFCI of the associated DCH.

Case B: The DSCH is defined as a shared downlink channel for which resource allocation, including UE identification, is signalled on another common downlink channel, referred to as DSCH Control Channel. 

[Note:  It is considered ffs. whether the DSCH Control Channel requires a new type of transport channel or whether a specific FACH transport channel can be used for this purpose. It is  assumed that the DSCH control channel is supported on the PSCCCH (Physical Shared Common Control Channel) if it carries TPC information. It needs to be confirmed by TSG RAN WG1 that this channel will be specified.]
Note: For case B it is assumed that DSCH and DSCH Control Channel employ individual channelization codes each. Time multiplexing of  user data (DSCH) and  control information (DSCH Control Channel) is not considered. 
Case C: The DSCH is defined as a shared downlink channel for which resource allocation is performed by RRC in Controlling RNC. The allocation messages, including UE identification, are transmitted on SHCCH, which is mapped on RACH/FACH. Several DSCH can be multiplexed on a CCTrCH in the physical layer, the transport formats of the DSCHs have to be selected from the transport format combination set of this CCTrCH. Each CCTrCH is mapped on one or more PDSCHs. If the transport format combination subset of a CCTrCH contains more than one transport format combination, a TFCI can be transmitted inside the PDSCH, or blind detection can be applied in the UE. This case is supported for TDD only.

Note also that a third case of DSCH definition, where the DSCH was defined as a stand-alone channel providing in-band UE identification is not considered any more. This case has been identified as being equivalent to a FACH and is as such already included in the radio interface specification. 

Interleaving for the DSCH may be applied over a multiplicity of radio frames. Nevertheless, here the basic case is considered where the interleaving is rectangular for a given MAC PDU, and equal to one radio frame (10 ms). The framing is synchronised on the SCH.

In every radio frame, one or several PDSCHs can be used in the downlink. Therefore, the DSCH supports code multiplexing. MAC multiplexing of different UEs shall not be applied within a radio frame, i.e. within one radio frame a PDSCH is assigned to a single UE. However, MAC multiplexing is allowed on a frame by frame basis, i.e. one PDSCH may be allocated to different UEs at each frame.

Transport blocks on the DSCH may be of constant size, so that the Transport Block Set may be derived from the code allocated to each UE on the DSCH. For case C, the transport format combination set can change with each transmission time interval.
5.6.5.2 Resource allocation and UE identification on DSCH

The principles of capacity allocation and UE identification on the DSCH are described in more detail below. 

[Note: The two resource allocation methods of the cases A and B might be used simultaneously for one DSCH, i.e. some UEs may use an associated  DSCH Control Channel and some UEs may use an associated DCH for resource allocation while transmitting data on the same DSCH. This option is ffs.]

5.6.5.2.1 Case A (UE requires a downlink TFCI  on a DPCCH)

The TFCI  of the dedicated physical channel may carry the information that a given code of the DSCH must be listened to by the UE.  Fast power control can be applied per code based on the dedicated physical control channel, DPCCH. 

Alternatively, a UE may be requested on the DCH to listen to a DSCH for a given period of time, and to decode the data so that the address of the destination UE can be decoded. This does not require more TFCI values because signalling is done in layers 2 and 3.

5.6.5.2.2 Case B (UE requires a downlink DSCH Control Channel)

The information which DSCH code to listen to and when is sent on an additional downlink channel to the UE (essentially a broadcast channel). This channel, is referred to as DSCH Control Channel. It is code multiplexed on the downlink and should convey the following information, which is modified every radio frame:

· Layer 1 information

· TPC bits for each UE which would have an uplink DCH without downlink DCH. The location of TPC bits on the PSCCCH of each cell is allocated to each UE when a RAB is mapped onto a DSCH. 

· Channelisation code allocated to each UE indicated relatively to the DSCH code entry point
· Layer 2 information

· Identity of the UEs who should receive information on the DSCH. The UE ID is allocated when a RAB is mapped onto a DSCH. Which UE ID is used to identify UE on the DSCH of each cell is ffs.
This concept allows to perform power control on the DSCH, whereas the DSCH Control Channel would be less efficient in terms of power control efficiency (need to power control on the farthest UE).
5.6.5.2.3 Case C (UE requires a downlink SHCCH) (TDD only)
The information which physical downlink shared channels to listen to and when is sent by RRC on the SHCCH logical channel which is mapped on RACH/FACH. The transmitted Layer 3 messages contain information about the used PDSCHs and the timing of the allocation. 
5.6.5.3 Model of  DSCH in UTRAN

Figure 6 captures the working assumption on the Downlink Shared Channel (DSCH). The two RLCs point to logical channel (DTCH) specific RLC-entities of specific users while MAC refers to the provision of MAC sublayer functions for all users.

The MAC sublayer of a DSCH is split between the Controlling RNC and SRNC. For a given user, the RLC sublayer  is terminated in its SRNC. Since Iur can support DSCH data streams, the users on that DSCH can depend on different SRNCs. For a given user, the Controlling RNC and the Serving RNC can be separate RNCs. The MAC in the network takes care of mapping downlink data either to a common channel (FACH, not shown in this figure), DCH or the DSCH. 

Figure 6 also includes the DSCH Control Channel, needed for case B of DSCH definition only.  See 3GPP TS 25.321 [8] for details on MAC architecture. In this example, the resource allocation on the DSCH is signalled on the DSCH control channel for UE 1 and on the associated DCH for UE 2.
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Figure 6: Model of downlink shared channel (DSCH) in UTRAN 

5.6.5.4 Protocol termination

5.6.6 Protocol termination for transport channel of type USCH

5.6.6.1 USCH definition

The USCH is only supported for TDD. It is a resource that exists in uplink only. It has only impact on the physical and transport channel levels, so there is no definition of shared channel in the logical channels provided by MAC. 

The USCH is a transport channel shared dynamically between several UEs. The USCH is mapped to one or several physical channels such that a specified part of the uplink resources is employed. 
The USCH is defined as a shared uplink channel for which resource allocation is performed by RRC in Controlling RNC. The allocation requests and allocation messages, including UE identification, are transmitted on SHCCH, which is mapped on RACH/FACH. Several USCH can be multiplexed on a CCTrCH in the physical layer, the transport formats of the USCHs have to be selected from the transport format combination set of this CCTrCH. Each CCTrCH is mapped on one or more PUSCHs. If the transport format combination subset of a CCTrCH contains more than one transport format combination, a TFCI can be transmitted inside the PUSCH, or blind detection can be applied in the NodeB. 

Interleaving for the USCH may be applied over a multiplicity of radio frames. 
In every radio frame, one or several PUSCHs can be used in the uplink. Therefore, the USCH supports physical channel multiplexing. MAC multiplexing of different UEs shall not be applied within a radio frame, i.e. within one radio frame a PUSCH is assigned to a single UE. However, MAC multiplexing is allowed on a frame by frame basis, i.e. one PUSCH may be allocated to different UEs at each frame.

The transport format combination set on the USCH can change with each transmission time interval.
5.6.6.2 Resource allocation and UE identification on USCH

The information which physical uplink shared channels to transmit on and when is sent by RRC on the SHCCH logical channel which is mapped on RACH/FACH. The transmitted Layer 3 messages contain information about the assigned PUSCHs and the timing of the allocation. 

5.6.6.3 Model of  USCH in UTRAN

Figure 7 captures the working assumption on the Uplink Shared Channel (USCH). The two RLCs point to logical channel (DTCH) specific RLC-entities of specific users while MAC refers to the provision of MAC sublayer functions for all users.

The MAC sublayer of a USCH is split between the Controlling RNC and SRNC. For a given user, the RLC sublayer is terminated in its SRNC. Since Iur can support USCH data streams, the users on that USCH can depend on different SRNCs. For a given user, the Controlling RNC and the Serving RNC can be separate RNCs. The MAC in the network takes care of mapping uplink data either from a common channel (RACH, not shown in this figure), DCH or the USCH. 
Allocations of uplink capacity are requested by the UEs and signaled to the UEs on the SHCCH (Shared channel control channel) which is mapped on RACH/FACH. 
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Figure 7: Model of uplink shared channel (USCH) in UTRAN (TDD only)
5.6.6.4 Protocol termination

5.6.7 Protocol termination for transport channel of type BCH

5.6.8 Protocol termination for transport channel of type PCH

5.6.9 Protocol termination for transport channel of type SCH 

5.6.10 Protocol termination for ODCH 

5.6.11 Protocol termination for ORACH

5.7 UE connection to UTRAN
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