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Uplink Multiplexing in GERAN

1. Introduction

Several contributions have been presented on GERAN multiplexing. All contributing companies have so far acknowledged the need to provide multiple TBFs in parallel over the radio interface. In addition there has been discussion on whether multiple radio bearers should be supported over one TBF. Nokia believe that in the uplink direction it would be beneficial if an MS could, independently, schedule the transmission of its data flows on its allocated resources. In earlier contributions Nokia proposed that radio bearer ID be carried in the data part of RLC/MAC blocks to provide means for such multiplexing. Although the method is feasible, this document describes an alternative solution to provide the desired functionality. The proposed solution does not require any modifications to existing RLC/MAC block structures. Furthermore, the required changes to 04.60 are expected to be moderate. 

2. Multiple TBF's with (E)GPRS

In R97/R99, only one data flow at a time is allowed in the MS, in either uplink or downlink direction. This data flow is transported on a Temporary Block Flow (TBF) which is identified by a Temporary Flow Identity (TFI) that is used to uniquely identify the MS and TBF on the assigned PDCH(s). In the downlink, the TFI is used to address a data block to an MS, and in the uplink the TFI is used for identifying the owner (MS) of the incoming data block. A maximum of 32 TBF's (TFI is 5 bits) are allowed in either downlink or uplink direction, on a given PDCH. 

The Uplink State Flag (USF) is used for dynamic allocation of uplink resources. On a downlink PDCH, RLC data blocks are appended a USF (by MAC) of which the value allows a unique MS to send data in the uplink direction in predefined blocks on the corresponding uplink PDCH. No other MS is allowed to send anything on those blocks. The USF field is 3 bits, and therefore allows dynamic allocation for 8 different MS's, meaning 8 different dynamic TBF's, on a PDCH.

Introducing multiple flows per MS in the Uplink through multiple TBFs implies that:

· An MS may have several USF's reserved for it: one for each TBF. Therefore dynamic allocation is restrained for other MS's.

· The number of TBF's is limited to 32 per PDCH

· The network (NW) schedules all uplink flows: i.e. the MS cannot perform its own scheduling in the uplink. 

3. Proposed mechanism

All uplink resources are under network control (fixed allocation, dynamic allocation, extended dynamic allocation), which implies that the network knows exactly from which MS it will be receiving a data block at any point of time. Basically this means that today's TFI in uplink data blocks is not needed for identifying an MS because this MS is not allowed to transmit when it wishes, but only when it is allowed to.

Due to the fact that TFI is not needed for identifying an MS it is then possible to use TFI bits in the UL data block to identify a data flow. This means that on a PDCH, for each single MS, 32 data flows can be identified, i.e. the same TFI values may be reused from one MS to another on the same UL PDCH. Consequently multiple data flows can be provided simultaneously without any change to today's multiplexing fields (USF and TFI). Thus backward compatibility is fully preserved while the addressing possibilities of those fields are significantly expanded.

Therefore it is proposed:

· To break in the standard the one-to-one mapping between allocated resources and TBF meaning that:

· Resources are allocated to an MS for transmitting data, not to a TBF.

· A USF may be assigned to an MS, not to a TBF of an MS.

· That the TFI in uplink header is not used for identifying an MS, but for identifying a TBF of the MS. (because the network is in control of the uplink resources and knows exactly to which MS an uplink data block belongs).

What follows from the proposal:

· An MS is free to send any of its TBF's on its allocated (fixed, dynamic) resources. In other words the network schedules MS's in the uplink, but the MS schedules its TBF's in the allocated UL resources.

· A TFI value may be repeated across MS's on a PDCH. Consequently there may be 32 UL TBFs per each allocated USF on any uplink PDCH (all together 256 dynamic data flows can be supported per UL PDCH).

· Because there are 32 different RBid possible at the same time for an MS, a TBF may carry one single RB, and be kept alive for as long as the RB is alive: a single TBF establishment is then needed per RB. I.e. the proposal limits the signalling equally to the multiple flows per TBF method.

4. Conclusions

In this contribution we have presented how without any changes to RLC/MAC block headers or adding extra identifiers to payload the number of dynamic data flows that can supported on a UL PDCH can be increased from 32 to 256.  In addition the proposed solution provides means for the MS to perform independent scheduling on allocated resources hence avoiding additional signaling and extra delay. It is also shown that an UL TBF only needs to carry one RB and can then be kept alive for the life duration of the RB (data connection), avoiding repeated lengthy TBF establishments.
