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Efficient support of packet data services using the shared channels 








1	Introduction





This paper explains a method by which UMTS could be made to efficiently support bi-directional packet data services using the DSCH and USCH.





2	Statement of the problem





Packet data services are characterised by:





Being bursty (dis-continuous in time)





Asymmetric, data transmission in one direction will not always occur simultaneously with a transmission in the reverse direction (see � REF _Ref448209065 �Figure 1�, � REF _Ref448300116 �Figure 2� and � REF _Ref448300119 �Figure 3�).  Further, � REF _Ref448209065 �Figure 1� shows the dis-joint handover legs of a flexible, efficient packet data solution with DSCH carried in HHO and USCH being operable in SHO. 





Packet data users receive the best possible QoS if their transmissions are scheduled onto a shared 'fat pipe'.  





Agreement has been reached to include a DSCH for conveying packet data.  This channel operates in HHO and access to it is controlled by MAC_sh in CRNC.  In this paper a packet data solution is presented in which all the above factors have been taken into account.   It is explained how the DSCH can be 'paired' with its uplink equivalent - the USCH, access to which is also managed by MAC_sh. 
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Figure � SEQ Figure \* ARABIC �1�)  Bi-directional packet data transmission
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Figure � SEQ Figure \* ARABIC �2�)  Downlink packet data transmission only
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Figure � SEQ Figure \* ARABIC �3�) Uplink packet data transmission only





3	Basis for discussion








For the purposes of this analysis we have assumed that ONLY the MAC_sh in the SRNC is capable of allocating access to the USCH for the purposes of packet DATA transmission in the uplink.  However, MAC_sh in DRNC may allocate capacity on the uplink for the purposes of conveying low rate L1 and L23 signalling in the uplink when a data transmission occurs in the downlink and when there is no ongoing uplink transmission on the USCH scheduled by SRNC.  The potential problem of both DRNC and SRNC allocating resource in the same frame could be handled in two ways.  It can either be avoided  via the RNSAP signalling which in any case will often be necessary for uplink scheduling purposes or else it could be resolved at the UE using simple rules such as  'always use high rate spreading factor as assigned by SRNC as opposed to low rate spreading factor as assigned by DRNC'.   The advantage of providing the DRNC with the capability to autonomously allocate capacity is that transmissions on the DSCH can be controlled independently of the SRNC and without the requirement that a DCH be constantly available in the uplink which would otherwise be necessary in order to convey the power control commands (as well as any other L23 information).





Power control for the uplink transmission is achieved via PC bits transmitted on each ACCH in the active set.    Power control commands for downlink transmissions are conveyed using the USCH.





The network selects what spreading factor the UE can use in a given frame, however, the UE can select the TFCI value.  This provides maximum flexibility in the multiplexing of data onto the USCH.





At the physical layer the channels for the USCH are identical to those for the DCH.





If the UE is expecting uplink resource allocations and there are two branches in the uplink active set then the UE must listen to both ACCH's transmitted from the two BS's in the active set.  Power control position assignments (PCPA) (on each ACCH) are signalled on the respective ACCH.  Uplink spreading factor assignments (SFA's) could be signalled just from the RNC which makes the allocation in order to avoid unnecessary communications across the Iur and to minimise ACCH bandwidth.  





The solution works irrespective of whether BS's are synchronised. 





For simplicity it is assumed in this discourse that the USCH is only operated with at most two soft hand-off legs, however, the solution would also work with more legs.  In the examples it has also been assumed that one of the SHO legs will be the same as that which would be used for any D/L transmission on the DSCH. 








4	Packet transmission in D/L only





� REF _Ref448202656 �Figure 4� shows how a packet transmission in the downlink is achieved. 





Whilst a downlink transmission on the DSCH is in progress, the USCH is used for a number of purposes:





On the PHY layer it provides a return path for power control (PC) bits





On L2/3 it can be used to convey RLC ACK's for the DSCH transmission and can also be used to send uplink resource requests to the network.  





Because the L23 information conveyed on the USCH only requires a very low data rate the effect of not using SHO on interference levels can be considered negligible.  Note that any data transmitted by the UE on the uplink DPDCH is routed to the SRNC/MAC_sh entity which we have assumed is always responsible for making any uplink resource allocation for uplink packet data transfer.  Note  it has been assumed that MAC_sh in DRNC cannot assign capacity for the purposes of data transfer.  However, MAC_sh in the DRNC can assign capacity for the purposes of L1 and L23 signalling when a downlink packet data transmission is in progress and when there is no ongoing uplink transmission on the USCH scheduled by SRNC.
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Figure � SEQ Figure \* ARABIC �4�)  Downlink packet data transmission only












































5	Packet transmission in U/L only





� REF _Ref448211042 �Figure 5� shows how a packet transmission in the uplink is achieved.


�


Figure � SEQ Figure \* ARABIC �5�)  Uplink packet data transmission only





During an uplink packet transmission, changes in queue status are signalled by piggy-backing on the data transmission.  MAC_sh in SRNC determines when uplink packet transmission can begin by negotiation with MAC_sh in DRNC, the negotiation is achieved using RNSAP signalling.





The UE listens to the ACCH's and transmits when it has received the power control position assignments (PCPA) and spreading factor assignment (SFA).  



































6	Combined uplink and downlink packet transmission





� REF _Ref448209944 �Figure 6� shows how packets are conveyed simultaneously in both the uplink and the downlink.





�





Figure � SEQ Figure \* ARABIC �6�)  Combined uplink and downlink packet data transmission





PHY aspects





Power control commands for the USCH are obtained by listening to the two ACCH's.  Power control commands for the DSCH are conveyed on the DPCCH of the USCH.  The uplink PC commands which arrive at the BS under the SRNC in this example are ignored, since there is no dedicated D/L transmission from this BS.  








L2/3 aspects





Additional uplink resource requests are piggy-backed on the uplink data frames and are obtained after PHY selection at the SRNC. 





7	Protocol impacts





7.1	Is a new USCH transport channel required?





We have suggested that the USCH be described as a new transport channel (which is different to the DCH) primarily for the following reasons:





The protocol stack is different from that of a DCH because resource can be assigned by the MAC_sh entity in either SRNC or DRNC (see � REF _Ref448202656 �Figure 4� and � REF _Ref448292191 �Figure 7�).





Downlink power control commands are conveyed on the ACCH (not on a D/L DCH).  The use of these power control fields transmitted on the ACCH enables more rapid convergence of power control loops. 





Association with common signalling channel (ACCH).
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Figure � SEQ Figure \* ARABIC �7�) Protocol termination points for USCH


In � REF _Ref448292191 �Figure 7� the MAC_sh in the DRNC is shown in a dashed box.  This is to indicate that the MAC_sh in the DRNC is capable of allocating resource on the USCH for the reasons already explained. 





� REF _Ref448304788 �Figure 8� shows the protocol termination points for the ACCH, note that only MAC layer information is passed over this channel.
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Figure � SEQ Figure \* ARABIC �8�) Protocol termination points for ACCH


7.2	Impact on RRC state machine





If the described concept is agreed then it could be easily incorporated into the existing specs by making a slight modification to the RRC state machine (see � REF _Ref448225187 �Figure 9�, the possibility of using the FAUSCH is not shown in the diagram simply to make the diagram less cluttered).





The bi-directional packet transmission (with common channel signalling) which has been described in this document so far would occur in the (RACH, USCH/ACCH, DSCH) state.
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Figure � SEQ Figure \* ARABIC �9�)  Modified RRC model to accommodate shared channels





7.2.1	MAC state machine





The RRC state (RACH,USCH/ACCH,DSCH) expands into the two state MAC state machine described by � REF _Ref448203795 �Figure 10�. 
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Figure � SEQ Figure \* ARABIC �10�)  UE side MAC state machine





Features of each state of UE MAC state machine





State 1) No transmission on shared channel in progress





In this state there is no uplink or downlink data transmission (or precursor transmission) ongoing on the shared channels.  The UE monitors the ACCH(s) for allocations on uplink and downlink shared channels.  The UE can indicate any changes to its queue status using the RACH. 








State 2) Transmission on shared channels in progress





In this state the UE sends uplink L2/3 information on the USCH which is allocated. The UE monitors the ACCH(s) for further allocations on uplink and downlink shared channels.





7.2.2	Shared channels with associated DCH





Instead of relying on common channel signalling another alternative is to have an associated DCH for L1 and L23 signalling purposes.  In addition the DCH may carry a service such as voice.  In the RRC state machine of � REF _Ref448231176 �Figure 11� it can be seen that there is no USCH transport channel shown where there is an associated DCH.  However, the benefits of MAC layer scheduling are this time achieved by enabling the MAC_sh entity to control allocations on the DCH, this is reflected in � REF _Ref448231176 �Figure 11� and � REF _Ref448231346 �Figure 12�.   
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Figure � SEQ Figure \* ARABIC �11�) UE side MAC architecture
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Figure � SEQ Figure \* ARABIC �12�)  UTRAN side MAC architecture


The dotted line between MAC_c and MAC_sh in the diagrams reflects the fact that the UE may choose to indicate uplink resource requests on the RACH, the MAC peer to peer resource request message must be conveyed from MAC_c to MAC_sh.


7.3	MAC models





Whilst � REF _Ref448231176 �Figure 11� and � REF _Ref448231346 �Figure 12� explain part of the changes to the MAC modelling which would be required,  � REF _Ref448231929 �Figure 13� and � REF _Ref448231943 �Figure 14� describe some more details.  In particular note that whilst D/L allocations can be conveyed in unacknowledged mode, it may prove useful to have acknowledgements for the uplink resource requests (though this is not essential).  This is discussed in more detail in � REF _Ref448232146 �[1�]. 
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Figure � SEQ Figure \* ARABIC �13�)  MAC process for accessing the shared uplink resource, UE side
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Figure � SEQ Figure \* ARABIC �14�)  Diagram showing operation of MAC in the RNC





8	Conclusions





A solution for efficiently supporting packet data in UMTS has been described.  





Advantages of the proposal are as follows:





Resource allocations are signalled from the MAC layer as opposed to the RRC layer and the signalling bandwidth is therefore greatly reduced [2] making efficient fast resource re-assignment and 'fat pipe' scheduling possible.





A method for operating a packet data service without associated DCH has been described.  This provides efficiency gains when there are many packet data users active [3].   Transmission can be downlink only, uplink only or can occur simultaneously in the uplink and downlink.





The currently defined processes for scheduling are unnecessarily complex (involving C-plane RRC) this makes the radio interface protocol model unclear and overly complex [2].  The proposal in this paper enables MAC to manage the allocation of resource.  As such by including the USCH and MAC_sh scheduling on the DCH it becomes clear how both circuit and packet services are efficiently supported by the protocol  model. 





Main recommendations:





MAC_sh in SRNC schedules uplink packet DATA transmissions on the USCH.





MAC_sh in DRNC can also make allocations on the USCH but only at a low data rate (for L1 and L23 signalling only) to act as a 'pair' for the DSCH transmission.   The potential problem of both RNC's allocating USCH resource to the same user at the same time can be avoided either by RNSAP signalling (which in any case will often be necessary for scheduling purposes) or resolved using simple rules in the UE.


 


A USCH transport channel should be defined (for the reasons given in Section 7.1)





An ACCH transport channel should also be defined.  The ACCH is distinct from FACH because it enables conveyance of multiple power control fields on a common downlink channel.  These power control fields enable the uplink  power control loops to be stabilised rapidly.





Slight modification to RRC state machine (see Section 7.2)





Inclusion of simple MAC state machine





Provision of capability to schedule access onto DCH's in the MAC_sh layer





Possibility to provide MAC layer acknowledgements to uplink resource request messages. 





This document has identified the main impacts on the protocol architecture of efficiently supporting packet data services.  If the group can agree to the general concepts outlined then detailed change requests can be produced. 
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