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Cellular IoT – PDCH Resource Management
Introduction
Cellular IoT devices will operate using different coverage classes and as such the management of UL TBF transmissions based on legacy concept of USF will become problematic in that the concept of multiple repetitions of a USF granting a single transmission opportunity will be difficult, primarily due to inter-symbol-interference from data symbols onto the USF symbols that result in non-coherent combination.
As such, an alternate concept of pre-allocating radio blocks on PDCH resources using the AGCH signaling required to assign the PDCH resources is seen as the means by which any reliance on USF based radio block allocations can be avoided. 
In light of similar concerns regarding the potential for multiple repetitions of PACCH blocks on the assigned PDCH resources, the use of significantly less PACCH intensive PDCH resource management schemes are seen as being of key importance for Cellular IoT.
It should be noted that a non-USF based allocation strategy has been in place in the GERAN specifications, but was removed in Rel-5.
Background
In pre-Release 5 specifications of GERAN there was a possibility to use what was called “Fixed Allocation”, as described in [1]. In short it was described as:
“Fixed Allocation characterized by fixed allocation of radio blocks and PDCHs in the assignment message without an assigned USF (see clause 8.1.1.3).
Also in pre-Release 6 specification of GERAN there was a possibility to have 2 kinds of TBF open ended TBF and close ended TBF.
· Close ended TBF is one where RLC asks for required number of blocks and then networks either grants fixed allocation of resources for the time interval covering number of blocks or grants dynamic allocation allocating USF according to the blocks requested by MS.
· Open ended TBF is one where MS does not indicate the number of available blocks but network either allocates a fixed allocation or dynamic allocation for a time interval that lasts until the MS indicates it is near the near end of TBF.
Within the context of cellular IoT, this type of allocation strategy is interesting to look into for small data transmissions that need to optimize the control signaling overhead.
In the following sections a similar procedure as the Fixed Allocation is described using a close ended TBF (pre-allocated PDCH resources only).
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UL Data transfer with No DL response expected
A device first requests “Number of radio Block requested (X1)” as part of its access request where X1 indicates the number unique/distinct data blocks it needs to transmit (i.e. not taking into account the number of repetitions) for a given MCS.  The access request can indicate the MCS anticipated by the device as well as its coverage class Y1. Assignment messages sent on the AGCH can provide a device with information about which specific uplink radio blocks to use for its uplink payload transmission using the TBF_STARTING_TIME field (which identifies the location of the first pre-allocated radio block on the assigned PDTCH either relative to the downlink radio block in which the assignment message is received or using an absolute Frame number) and the NUMBER OF RADIO BLOCKS ALLOCATED field (which indicates that N1 consecutive radio blocks have been pre-allocated on the assigned PDCH resources). It should be noted the payload consists of X1 unique/distinct RLC data blocks where each is transmitted (repeated) Y1 times using the pre-allocated uplink radio blocks where X1*Y1 = N1.
· A simple RLC acknowledged mode is used wherein after sending its payload using the N1 pre-allocated radio blocks the device waits for a Packet Uplink Ack/Nack (PUAN) message (e.g. for 500ms) on the corresponding DL PACCH to determine the transmission status of the X1 distinct RLC data blocks comprising its uplink payload transmission.
· If the PUAN message indicates that all of the uplink payload (i.e. all of the X1 distinct RLC data blocks) has been received then the device immediately releases all of its assigned resources and returns to Idle mode.
· If the PUAN message indicates X2 of the X1 unique/distinct RLC data blocks were not received then it includes additional information (e.g. TS Allocation Bitmap, EGPRS CHANNEL_CODING_COMMAND, TIMING_ADVANCE_INDEX, TBF_STARTING_TIME and NUMBER OF RADIO BLOCKS ALLOCATED) that identifies an additional set of N2 pre-allocated radio blocks used by the device to resend the missing X2 RLC data blocks where each is transmitted Y2 times (i.e. X2*Y2 = N2). 
· After re-sending the missing RLC data blocks using the N2 pre-allocated radio blocks the device waits for an additional PUAN message (e.g. for 500ms) on the corresponding DL PACCH to determine the transmission status of its uplink transmission.
· If the additional PUAN message now indicates that all of the uplink payload (i.e. all of the X1 unique/distinct RLC data blocks) has been received then the device immediately releases all of its assigned resources and returns to Idle mode.
· Using this pre-allocation of uplink resources the device and network are always in lock step regarding the precise number of radio blocks to be transmitted and which PS radio resources will be used for these transmissions. As such, there is no possibility for a device to make unexpected or pre-emptive retransmissions of any of the X1 unique/distinct RLC data blocks.
UL Data transfer with DL response expected 
The operation of devices where a response to an uplink transmission is expected is similar to that described in Section 3.1 where a simple RLC acknowledged mode is used except that, after receiving a PUAN message that indicates that all of the uplink payload (i.e. all of the X1 unique/distinct RLC data blocks) has been received, the device remains in packet transfer mode where the following may occur:
· It receives a PACCH message assigning it DL PDCH resources to be monitored (e.g. it waits for up to T1 seconds after being assigned those DL PDCH resources) for the reception of downlink payload on those DL PDCH resources using RLC acknowledged mode.
· If the AGCH message used to assign it the uplink PDCH resources also includes DL PDCH resource assignment information then it monitors those DL PDCH resources (e.g. for up to T2 seconds after completion of its uplink transmission) for the reception of downlink payload using RLC acknowledged mode.
· When sending DL PDCH resource assignment information (including TFI) the BSS can also include information regarding DL TBF starting time thereby allowing for reduced battery consumption in the device.
· After reception of the downlink payload (and transmitting the corresponding PDAN) or expiration of timer T1 or T2 no further signaling is necessary (in the interest of both radio resource and battery consumption) and the device therefore simply releases all PDCH resources and returns to idle mode.
Identifier space
USF
By using a pre-allocation of the UL resources, there is no need to use the USF for UL scheduling and hence possible identifier space implications relating to USF are removed when using this type of allocation. 
TFI
Since a Cellular IoT device must allowing for the possibility of a downlink RLC data block or PACCH block (repeated N times) to be received within a certain level of imprecision (i.e. the device cannot know exactly when a BSS will schedule such a transmission) there is a need to include TFI within these blocks similar to what is done for legacy operation. Uplink transmissions from these devices will be scheduled but can nonetheless still include TFI in the corresponding RLC data blocks/PACCH blocks to provide the BSS with an extra measure of certainty (i.e. the BSS can use TFI to verify that the expected device has transmitted during a given pre-allocated uplink transmission opportunity). 
An extension of the DL TFI has already been included in the GSM/EDGE specifications by the use of an XOR operation of the RLC/MAC header and the extended TFI value.
This solution could also be used for cellular IoT. An alternative approach could be to re-define the RLC/MAC header. For example, there is no need to keep to a maximum RLC window size of 1024 for IoT users with low throughput requirements. Lowering the window size to for example at most 64 (same as used for GPRS today) would imply a sequence number space of 128 and a BSN field of seven bits (currently 11 bits for BSN1), releasing four bits for extended TFI. A suitable sequence number space to be used for cellular IoT is still left TBD. 
It should be noted that using an extended TFI space would still be backwards compatible with existing devices in the GSM networks.
Summary
The principle of pre-allocated resources on a PDCH as well as the simplified PDCH resource management described herein are seen as being important for efficient management of devices operating within Cellular IoT systems.
Using pre-allocated resources will also eliminate the potential risk for a USF bottleneck with a large amount of devices operating on the same channels. Extension of the TFI identifier space (if needed) is seen as being straightforward with already existing solutions in place.
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