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Introduction
As discussed in [1], GSM Evolution (now referred to as EC-GSM) will use the concept of pre-allocating radio blocks on UL EC-PDTCH resources in the interest of avoiding USF based uplink transmissions for devices operating in extended coverage, and to optimize the energy consumption in the device when in packet transfer mode. 
This scheduling principle was supported by earlier GERAN specifications but was removed in Rel-5 due to lack of network implementations/operation, see [2]. In addition, the concept of flexible resource allocation is used for downlink transmissions whereby the set of RLC data blocks comprising a downlink transmission need not be sent contiguously by the BSS. 
Fixed Uplink Allocation
Fixed Uplink Allocation (FUA) is used on the uplink of an EC-PDTCH by providing a device with a fixed starting point to transmit each one of the set of RLC data radio blocks required to send its buffered user plane payload, as shown in Figure 2-1. 
· The key principle of FUA is that a device is pre-allocated (in an EC-AGCH Resource Assignment message) a set of radio blocks over up to 4 timeslots where it sends one or more RLC data blocks where each is repeated according to value for NTX, UL indicated by the assignment message. 
· The set of radio blocks are allocated so that all repetitions of a specific RLC data block are sent contiguously but without requiring that each of the RLC data blocks sent are sent contiguous to each other.
· After the transmission of its allocated radio blocks the device waits for a corresponding PUAN which occurs within a variable amount of time after it transmits the last allocated radio block. The PUAN provides an Ack/Nack bitmap and another set of pre-allocated uplink radio blocks (if necessary) to continue its uplink transmission.
· The sequence of signaling events shown in Figure 2-1 are those associated with an IoT device with an uplink coverage class requiring NTX, UL repetitions, a downlink coverage class requiring NTX, DL repetitions and requiring X MCS-1 coded RLC data blocks to send its user plane payload. 
· Due to the half-duplex nature of FUA no simultaneous downlink reception will occur during the time of an uplink transmission. 
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Figure 2-1 – Uplink Small Data Transmission 

Step 1: A device sends multiple repetitions of a Small Data Request message on the EC-RACH based on its estimated DL and UL coverage class (devices in normal coverage use a single repetition when sending a Small Data Request message on the RACH/EC-RACH):
· The information a device includes within a Small Data Request message is indicated by Table 2-1 where the Number of MCS-1 Coded Blocks field is used to indicate the device has X MCS-1 RLC data blocks to send.  
· An indication of whether or not a device supports MCS-5 through MCS-9 is indicted by the TSC used when sending the Small Data Request message as per legacy operation.
· The Small Data Request sent on the EC-RACH includes an indication of the DL coverage class estimated by the device. 
· System information sent on TS1 indicates if a device in normal coverage (NTX, UL = NTX, DL = 1) is to perform system access using the RACH of TS0 or the RACH of TS1. 



Table 2-1: Small Data Request Message Content
	Type of Access Request
	 Number of MCS-1 Coded Blocks (4 bits)
	Priority Indicator (1 bit)
	Random Bits      (3 bits)
	DL Coverage Class          (3 bits)
	Device Identity (32 bits)

	AB on TS0
	Yes 
	Yes
	Yes
	No1
	No

	AB on TS1
	Yes
	Yes
	Yes
	Yes
	No

	NB on TS0
	Yes
	Yes
	No
	No1
	Yes

	NB on TS1
	Yes
	Yes
	No
	Yes
	Yes

	NOTE1: Not needed since the access is always when in normal coverage on UL and DL



Step 2: The Uplink Assignment message is sent on the EC-AGCH using the number of repetitions indicated by the DL coverage class value included in the Small Data Request message:
· This message indicates the number of pre-allocated MCS-1 coded UL RLC data blocks X, the starting point of the pre-allocated radio blocks required for sending the first RLC data block on the assigned EC-PDTCH resources (e.g. expressed as an offset relative to where the Uplink Assignment is received) as well as the starting point of the pre-allocated radio blocks required for sending the additional RLC data blocks (where each RLC data block is sent using NTX, UL repetitions). 
· The assignment message also indicates the DL coverage class NTX, DL to be used (i.e. it may override the DL coverage class indicated by the device in the Small Data Request) and the UL coverage class NTX, UL to be used.
· For example, if the uplink payload requiring transmission consists of 5 MCS-1 RLC data blocks (X=5) and NTX, UL indicates 8 repetitions are needed then a total of 40 radio blocks (X*NTX, UL) need to be transmitted. Each RLC data block will then be transmitted using 8 pre-allocated contiguous radio blocks.
· The Uplink Assignment message may indicate a coding scheme other than MCS-1 (depending on device capability) when sent in response to a Small Data Request from a device in normal coverage. 
· The set of NTX, UL pre-allocated radio blocks used for sending any given RLC data block are transmitted using compact burst mapping [5].
Step 3: A HARQ scheme is used for sending the uplink payload wherein after transmitting the set of X RLC data blocks the device waits for a corresponding Packet Uplink Ack/Nack (PUAN) message. 
Step 4: The BSS sends a PUAN after attempting to receive the set of X RLC data blocks from the device. 
· The device may start looking for an expected PUAN in the first DL EC-PACCH block (corresponding to its DL coverage class) following the last pre-allocated radio block it used to send the NTX, UL repetitions of the last UL RLC data block (i.e. RLC data block X).
· The device examines fixed sets of EC-PACCH blocks based on its assigned DL coverage class (NTX, DL). For example, a device using NTX, DL = 2 (i.e. 2 blind repetitions) will only look at fixed pairs of EC-PACCH blocks in an attempt to receive a matching PUAN message. As such, it will view each 52-multiframe on a monitored TS as potentially containing 6 pairs of EC-PACCH blocks, where any one of these pairs may potentially contain its expected PUAN. 
· If the expected PUAN is not received within the first possible set of EC-PACCH blocks then it may attempt to receive it within the next possible set of EC-PACCH blocks but within the context of a certain maximum time window.
· When the expected PUAN is received and indicates Y RLC data blocks are missing, they are resent using the new set of pre-allocated uplink radio blocks indicated by the PUAN message.
· The PUAN may also indicate a new value for NTX, UL that the device is to apply when resending the Y remaining RLC data blocks.
· If the expected PUAN is not received within a maximum allowed time window the device will abort the uplink transmission. The BSS, upon transmitting a PUAN and not detecting any uplink radio blocks on the pre-allocated resources, may resend the PUAN using EC-PACCH blocks according to NTX, DL (i.e. upon deciding to resend the PUAN the BSS will apply the same NTX, DL used previously for that device). 
· The BSS may abort the uplink transmission after failing to receive the resent RLC data blocks after resending the PUAN an implementation specific number of times.
Step 5: Step 3 is repeated but with Y blocks instead of X blocks.
Step 6: All RLC data blocks have been received and so the BSS re-assembles the LLC PDU (containing an IP Packet) and sends it to the SGSN. 
Step 7: The BSS sends a PUAN to the device indicating all X RLC data blocks have been received. The device receives the PUAN on the EC-PACCH as described in step 4 and realizes that all X RLC data blocks have been received by the BSS. The BSS/device releases the assigned UL EC-PDTCH resources after sending/receiving the PUAN except for the case where the priority field of Small Data Request message in step 1 indicated high priority (e.g. an alarm) in which case Step 8 below may be applicable. 
Step 8: The Packet Control Ack is optional but will typically be required for the case where the UL payload was sent for an alarm reporting event (i.e. since alarm reporting requires more reliability). It is sent using a single uplink EC-PACCH block repeated according to the NUTX, UL value last provided by the BSS to the device. 
· The RRBP field in the header of the EC-PACCH block used to send the PUAN indicates the starting point of the pre-allocated UL radio blocks to be used to send the Packet Control Ack (i.e. NTX, UL radio blocks are pre-allocated). 
· If the BSS fails to receive an expected Packet Control Ack it may resend the PUAN an implementation specific number of times and then abort the uplink transmission (see Step 4).
· A device that receives a PUAN soliciting the transmission of a Packet Control Ack shall, after transmitting it, continue to monitor the DL for possible EC-PACCH messages for a limited time interval Z (e.g. indicated by the PUAN) for the possible arrival of a repeated PUAN soliciting the re-transmission of the Packet Control Ack.
· If no additional PUAN is received during time interval Z the device releases the assigned UL EC-PDTCH resources.
Flexible Downlink Allocation
Flexible Downlink Allocation (FDA) is used on the downlink of an EC-PDTCH by sending a device a Downlink Assignment message that indicates the earliest possible starting point at which the device is to start looking for the possible arrival of downlink payload on its assigned DL EC-PDTCH resources as shown in Figure 3-1. 
· The key principle of FDA is that a device is told to expect (in an EC-AGCH Resource Assignment message) a variable number of DL RLC data blocks over up to 4 timeslots where each RLC data block is repeated according to value for NTX, DL indicated by the assignment message.
· The BSS sends all repetitions of a specific RLC data block contiguously but may not send each of the RLC data blocks contiguous to each other. As such, a device will not know the precise starting point of any of the RLC data blocks after receiving the assignment message (other than knowing they will be sent according to its NTX, DL) but will know that each will be sent by the BSS using contiguous radio blocks.
· The point at which a device stops attempting to receive RLC data blocks is determined according to where it is polled to send a PDAN on the UL EC-PACCH. In other words, the number of additional RLC data blocks it receives after receiving the first one is variable but any additional RLC data blocks must arrive prior to where it is polled to send a PDAN (i.e. it will not look for additional DL RLC data blocks while completing the PDAN transmission).
· When searching for the first radio block used to send any given RLC data block a device examines fixed sets of EC-PDTCH blocks based on NTX, DL. For example, a device using NTX, DL = 2 (i.e. 2 blind repetitions) will only look at fixed pairs of EC-PDTCH blocks in an attempt to receive an RLC data block. As such, it will view each 52-multiframe on a monitored TS as potentially containing 6 pairs of EC-PDTCH blocks, where any one of these pairs may potentially contain an expected RLC data block.
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Figure 3-1 – Downlink Small Data Transmission

Step 1: The SGSN receives some downlink payload (an IP packet) for a given device and acts on it by sending a BSS a Paging Request message indicating the IMSI, eDRX cycle length and NTX, DL of the target device where the indicated NTX, DL is based on the DL coverage class last indicated by the device (e.g. within a RAU Request message).
Step 2: The Page message is sent on the EC-PCH using the nominal paging group of the device determined using IMSI, eDRX cycle length, the number of EC-PCH blocks per 51-multiframe and NTX, DL.
· Each eDRX cycle consists of Y 51-multiframes subject to the restriction that each eDRX cycle must occur an integral number of times within the overall TDMA FN space. 
· The number of paging groups per eDRX cycle is determined on a coverage class basis where the BSS first determines the nominal paging group of a device assuming NTX, DL = 1 which effectively determines a window of four 51-multiframes in which the device will wake up to attempt read according to its actual nominal paging group, see [5].
· The specific EC-PCH blocks a device considers to be its nominal paging group within the four 51-multiframe window is determined based on the DL coverage class last indicated by the device (see [4]). 
Step 3: A device sends multiple repetitions of a Page Response Request message on the EC-RACH based on its estimated UL coverage class NTX, UL (a single repetition is always used by a device in normal coverage):
· The information a device includes within a Page Response Request message is indicated by Table 2-2.  
· An indication of whether or not a device supports MCS-5 through MCS-9 is indicted by the TSC used when sending the Page Response Request message as per legacy operation.
· The Page Response Request sent on the EC-RACH includes an indication of the DL coverage class estimated by the device. 
· System information sent on TS1 indicates if a device in normal coverage (NTX, UL = NTX, DL = 1) is to perform system access using the RACH of TS0 or the RACH of TS1.

Table 2-2: Page Response Request Message Content
	Type of Access Request
	 Number of MCS-1 Coded Blocks (4 bits)
	Spare Bit        (1 bit)
	Random Bits      (3 bits)
	DL Coverage Class          (3 bits)
	Device Identity (32 bits)

	AB on TS0
	Yes (0000 = page response request)
	Yes
	Yes
	No1
	No

	AB on TS1
	Yes (0000 = page response request)
	Yes
	Yes
	Yes
	No

	NB on TS0
	Yes
	No
	No
	No1
	Yes

	NB on TS1
	Yes
	No
	No
	Yes
	Yes

	NOTE1: Not needed since the access is always when in normal coverage on UL and DL



Step 4: The Uplink Assignment message is sent on the EC-AGCH using the number of repetitions indicated by the NTX, DL value included in the Page Response Request message. It includes the same assignment information as per Step 2 of the Uplink Fixed Allocation procedure described in section 2 above for the case where X = 1. 
Step 5: Similar to Step 3 of the Uplink Fixed Allocation procedure, a HARQ scheme is used for sending the uplink payload (a Page Response consisting of a dummy LLC PDU) wherein after transmitting its uplink payload using the NTX, UL pre-allocated UL radio blocks the device waits for a corresponding Packet Uplink Ack/Nack (PUAN) message. 
Step 6: The BSS sends a PUAN after attempting to receive the NTX, UL pre-allocated UL radio blocks from the device. After transmitting the Page Response the device attempts to receive the PUAN starting within the first possible set of EC-PACCH blocks corresponding to its assigned DL coverage class (NTX, DL) as per Step 4 of the Fixed Uplink Allocation procedure.
· After receiving the PUAN the devices releases the UL TBF resources, moves to the EC-Idle state where it monitors the EC-AGCH using a short DRX cycle (e.g. as per legacy) in expectation of DL TBF resource assignment message.
· Alternatively, the PUAN can include DL TBF resource assignment message where the device starts looking for RLC data blocks thereon according to a DRX cycle after first waiting a certain time period (e.g. as indicated by the information within the PUAN). This 2nd alternative is not followed in Figure 3-1 but will save the device from having to receive an additional EC-AGCH message.
Step 7: The BSS relays the Page Response message (a dummy LLC PDU) to the SGSN.
Step 8: The SGSN sends pending downlink user plane payload (an IP packet) to the BSS from which it received the Page Response message.
Step 9: The Downlink Assignment message is sent on the EC-AGCH using the downlink coverage class NTX, DL last received by the BSS: 
· This message indicates the assigned DL EC-PDTCH resources, an optional indication of when a device is to start looking for the first of the DL RLC data blocks (e.g. expressed as an offset relative to where the Downlink Assignment is received), the UL coverage class NTX, UL to be used and the DL coverage class NTX, DL to be used over the set of assigned timeslots.
Step 10: A HARQ scheme is used for sending the downlink payload wherein the device may be polled for a Packet Downlink Ack/Nack (PDAN) message within one or more of the variable number of RLC data blocks sent to it prior to the point in time where the PDAN is to be sent: 
· When attempting to find a DL RLC data block the device examines fixed sets of EC-PDTCH blocks based on its coverage class. For example, a device using NTX, DL = 2 (i.e. 2 blind repetitions) will only look at fixed pairs of EC-PDTCH blocks in an attempt to receive a RLC data block addressed to its assigned TFI on its assigned timeslots. As such, it will view each 52-multiframe on a monitored TS as potentially containing 6 pairs of EC-PDTCH blocks, where any one of these pairs may potentially contain an expected RLC data block. 
· If a RLC data block is not received within a set of applicable EC-PDTCH blocks then it continues to read additional sets of EC-PDTCH blocks applicable to its downlink coverage class. 
· For example, if the downlink payload requiring transmission consists of 5 MCS-1 RLC data blocks (X=5) and NTX, DL indicates 8 repetitions are needed then a total of 40 radio blocks (X*NTX, DL) need to be transmitted. These 40 radio blocks will be sent using 5 instances of 8 contiguous radio blocks over the set of assigned timeslots. The time period between the transmissions of any two successive RLC data blocks (i.e. between instances of 8 contiguous radio blocks) is variable although the assignment message may optionally indicate what this time period is in the interest of device battery conservation.
· The polling may be performed by including a polling field within a set of one or more RLC data blocks where the polling field in each RLC data block indicates the same point in time at which the device is to send a PDAN on the UL EC-PACCH.
Step 11: The PDAN is sent on the UL EC-PACCH wherein the location of the first pre-allocated UL EC-PACCH block used to send the PDAN is indicated by the polling information included in one or more of the RLC data blocks sent to the device prior to polling it. 
· The location of the first UL EC-PACCH block used to send the PDAN may be expressed as an offset relative to DL RLC data block from which the polling information was read.
· Alternatively, if assignment information indicates that a specific number of DL RLC data blocks will be sent contiguously prior to polling then upon receiving the last DL radio block used to convey the DL RLC data blocks a device can send a PDAN using an offset (fixed or indicated by the assignment message) from the last DL radio block to determine where to start sending the PDAN. This same principle can be used where a device has sent a PDAN indicating one or more DL RLC data blocks need to be resent (i.e. it will expect all resent DL RC data blocks to be sent contiguously and thereby determine where to send the corresponding PDAN).
· NTX, UL contiguous radio blocks are pre-allocated for transmission of the PDAN. 
· If the BSS does not receive the PDAN within the pre-allocated UL radio blocks it may resend a DL RLC data block containing polling information.
· As such, after receiving a DL RLC data block containing polling information and sending the corresponding PDAN indicating all DL RLC data blocks have been received, a device shall wait a limited amount of time (e.g. indicated by the assignment message) and then start looking for the possible reception of a previously received DL RLC data block containing polling information.
· If it is polled again within this limited time window the device shall send a PDAN using the specific set of pre-allocated NTX, UL UL radio blocks as indicated by the repeated poll. Otherwise it shall release the DL TF and enter the EC-Idle state. 
· When sending a PDAN indicating one or more DL RLC data blocks have not been received, a device shall continue to monitor the assigned DL PDTCH resources for reception of the missing RLC data blocks and then proceed as per Step 10.
Normal Coverage Devices
USF based scheduling as per current GSM operation can be used for devices in normal coverage thereby allowing the USF to be included within DL radio blocks sent on the EC-PDTCH/EC-PACCH to devices in extended coverage to still be used to schedule UL transmissions of devices in normal coverage.  The principles of UL scheduling are summarized in Table 4-1 below.
Table 4-1: UL Scheduling Principles
	DL Coverage Class
(receiver of data)
	UL Coverage Class (sender of data) 
	UL based scheduling principle

	Normal
	Normal
	USF or Fixed UL Allocation

	Normal
	Extended
	USF or Fixed UL allocation 

	Extended
	Normal
	Fixed Uplink Allocation

	Extended
	Extended
	Fixed UL allocation



Proposal
The principles of Fixed Uplink Allocation and Flexible Downlink Allocation as described herein are proposed for supporting EC-GSM devices.
Fixed Uplink Allocation allows for uplink transmissions from EC-GSM devices (normal or extended coverage classes) on the same PDTCH resources used to serve legacy devices. The use of USF based uplink transmission is not practical for devices in extended coverage as it would impose the restriction of scheduling uplink transmissions from a device of a certain coverage class while simultaneously sending downlink payload to a device of the same coverage class.
Flexible Resource Allocation allows for downlink transmissions to EC-GSM devices (normal or extended coverage classes) on the same PDTCH resources used to serve legacy devices by keeping the TFI field in same location in all downlink radio block headers regardless if the radio block is sent to a legacy device or a EC-GSM device.
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