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EC-GSM – PACCH Message Set
1 [bookmark: _Toc360020214]Introduction 
A reduced functionality is expected for managing EC-GSM devices in EC-Packet Transfer mode considering that the prime activity performed will be the transfer of a limited number of RLC data blocks using Acknowledged mode without the need for measurement reporting, PS Handover, RR connection establishment, multiple TBFs, ongoing uplink and downlink TBFs etc. As such, a substantially simplified set of EC-PACCH messages with reduced content (compared to legacy PACCH messages) will be needed as described in the remainder of this discussion paper.
2 Required PACCH Messages
The set of legacy PACCH messages is considered to identify the subset of these messages that will still be needed for a device operating in the EC-Packet Transfer state.
2.1 Uplink TBF Establishment Messages
Table 1 – Uplink TBF Establishment Messages
	Uplink TBF establishment message
	Application to EC-Packet Transfer State
	44.060 Reference

	Packet Channel Request
	Not applicable – devices send uplink TBF requests using RACH or PDAN
	11.2.5

	Packet Access Reject
	Applicable – may be needed for a BSS to deny UL  TBF request made using a PDAN (1 DL PACCH block)
	11.2.1

	EGPRS Packet Channel Request
	Not applicable – devices send uplink TBF requests using RACH or PDAN
	11.2.5a

	Packet Queuing Notification
	Not applicable – queuing feature not supported for Devices
	11.2.15

	Packet Resource Request
	Not applicable – requesting a change in assigned UL TBF resources not supported for Devices
	11.2.16

	Packet Uplink Assignment
	Not applicable – all uplink TBF assignments sent using EC-AGCH or PUAN and remain unchanged until UL TBF is released
	11.2.29

	Multiple TBF Uplink Assignment
	Not applicable – Devices do not support MTBF
	11.2.29a

	Additional MS Radio Access Capabilities
	Not Applicable – Devices will provide detailed capability information during the RAU procedure allowing the BSS to query this information as needed
	11.2.32



2.2	Downlink TBF Establishment Messages
Table 2 – Downlink TBF Establishment Messages
	Downlink TBF establishment message
	Application to EC-Packet Transfer State
	44.060 Reference

	Packet DBPSCH Assignment
	Not applicable – Devices do not support Iu mode
	11.2.5b

	Packet Downlink Assignment
	Not applicable – all downlink TBF assignments sent using EC-AGCH and remain unchanged until downlink TBF is released
	11.2.7

	Multiple TBF Downlink Assignment
	Not applicable – Devices do not support MTBF
	11.2.7a



2.3	RLC Messages
Table 3 – RLC Messages
	RLC message
	Application to EC-Packet Transfer State
	44.060 Reference

	Packet TBF Release
	Not applicable – UL TBF release based on PUAN reception, DL TBF release based on transmission of PDAN
	11.2.26

	Packet Paging Request
	Not applicable – CS domain operation not supported by Devices
	11.2.10

	Packet Downlink Ack/Nack
	Not applicable – Devices support EGPRS and therefore the EGPRS Packet Downlink Ack/Nack message
	11.2.6

	EGPRS Packet Downlink Ack/Nack
	Applicable – sent based on polling indicator in downlink RLC data blocks (1 UL PACCH block)
	11.2.6a

	Packet DBPSCH Downlink Ack/Nack
	Not applicable – Devices do not support Iu mode
	11.2.6b

	Packet DBPSCH Downlink Ack/Nack Type 2
	Not applicable – Devices do not support Iu mode
	11.2.6c

	MBMS Downlink Ack/Nack
	Not applicable – Devices do not support MBMS
	11.2.6d

	EGPRS Packet Downlink Ack/Nack Type 2
	Not applicable – support for the EGPRS Packet Downlink Ack/Nack message is sufficient for Devices
	11.2.6e

	EGPRS Packet Downlink Ack/Nack Type 3
	Not applicable – support for the EGPRS Packet Downlink Ack/Nack message is sufficient for Devices
	11.2.6f

	Packet Uplink Ack/Nack
	Applicable – sent by the BSS after a device has sent all uplink RLC data using Fixed Allocation (1 DL PACCH block)
	11.2.28

	Packet DBPSCH Uplink Ack/Nack
	Not applicable – Devices do not support Iu mode
	11.2.28a

	Packet DBPSCH Uplink Ack/Nack Type 2
	Not applicable – Devices do not support Iu mode
	11.2.28b

	EGPRS Packet Downlink Ack/Nack DLMC
	Not applicable - Devices do not support DLMC
	11.2.48



2.4	Miscellaneous Messages
Table 4 – Miscellaneous Messages
	RLC message
	Application to EC-Packet Transfer State
	44.060 Reference

	Packet Control Acknowledgement
	Applicable – for an UL TBF a device sends it based on polling indicator in PUAN header (1 UL PACCH block)
	11.2.2

	Packet Cell Change Failure
	Not applicable – Devices only support Idle state cell reselection
	11.2.3

	Packet Cell Change Notification
	Not applicable – Devices only support Idle state cell reselection
	11.2.3a

	Packet Cell Change Order
	Not applicable – Devices only support Idle state cell reselection
	11.2.4

	Packet Downlink Dummy Control Block
	Applicable – allows a BSS to transmit a filler block if necessary (1 DL PACCH block)
	11.2.8

	Packet Uplink Dummy Control Block
	Not applicable – uplink TBFs managed according to BSS knowledge of IoT device payload requiring transmission
	11.2.8b

	Packet Measurement Report
	Not applicable – measurement reporting not supported by Devices
	11.2.9

	Packet Measurement Order
	Not applicable – measurement reporting not supported by Devices
	11.2.9b

	Packet Mobile TBF Status
	Not applicable - Syntactically incorrect downlink PACCH messages will be ignored by Devices
	11.2.9c

	Packet Enhanced Measurement Report
	Not applicable – measurement reporting not supported by Devices
	11.2.9d

	Packet Neighbour Cell Data
	Not applicable – Devices acquire neighbor cell information directly from the neighbor cells
	11.2.9e

	Packet PDCH Release
	Not applicable – dynamic modification of timeslot allocations not supported by Devices
	11.2.11

	Packet Polling Request
	Not applicable – no need currently identified for a BSS to send this message to solicit a PACKET CONTROL ACKNOWLEDGEMENT message from a device
	11.2.12

	Packet Power Control/Timing Advance
	Applicable - allows a BSS to transmit adjust power level/timing advance if necessary (1 DL PACCH block)
	11.2.13

	Packet PRACH Parameters
	Not applicable – Devices acquire serving cell information directly from the serving cell
	11.2.14

	Packet PSI Status
	Not applicable – Devices acquire serving cell information directly from the serving cell
	11.2.17

	Packet Serving Cell Data
	Not applicable – Devices acquire serving cell information directly from the serving cell
	11.2.17a

	Packet SI Status
	Not applicable – Devices acquire serving cell information directly from the serving cell 
	11.2.17b

	Packet Pause
	Not applicable – pausing of downlink data blocks not needed for Devices
	11.2.30a

	Packet Timeslot Reconfigure
	Not applicable - all uplink TBF assignments sent using EC-AGCH or PUAN and remain unchanged until UL TBF is released, all downlink TBF assignments sent using EC-AGCH and remain unchanged until downlink TBF is released
	11.2.31

	Multiple TBF Timeslot Reconfigure
	Not applicable – MTBF not supported by Devices
	11.2.31a

	Handover Access
	Not applicable – CS domain operation not supported by Devices
	11.2.33

	Physical Information
	Not applicable – only used in support of CS handover
	11.2.34

	Packet CS Request
	Not applicable – CS domain operation not supported by Devices
	11.2.35

	Packet CS Command
	Not applicable – CS domain operation not supported by Devices
	11.2.36

	Packet CS Release Indication
	Not applicable – CS domain operation not supported by Devices
	11.2.37

	MBMS Service Request
	Not applicable – MBMS not supported by Devices
	11.2.38

	MBMS Assignment (Non-distribution)
MBMS Assignment (Distribution)
	Not applicable – MBMS not supported by Devices
	11.2.39
11.2.39a

	MBMS Neighbouring Cell Information
	Not applicable – MBMS not supported by Devices
	11.2.40

	MBMS MS_ID Assignment
	Not applicable – MBMS not supported by Devices
	11.2.41

	Packet MBMS Announcement
	Not applicable – MBMS not supported by Devices
	11.2.42

	PS Handover Command
	Not applicable – PS handover not supported by Devices
	11.2.43

	PS Handover Access
	Not applicable – PS handover not supported by Devices
	11.2.44

	Packet Physical Information
	Not applicable – PS handover not supported by Devices
	11.2.45

	DTM Handover Command
	Not applicable – DTM not supported by Devices
	11.2.46

	Packet Application Information
	Not applicable – the need for Devices to support embedded Application message delivery is FFS
	11.2.47



3 Summary of EC-PACCH Messages Applicable for EC-GSM
The subset of legacy PACCH messages identified is section 2 is further considered with regards to use case and message space requirements. The message payload space available per EC-PACCH block is currently seen to be 64 bits for the UL and 80 bits for the DL (see [1]).
3.1 Packet Access Reject – DL EC-PACCH
This EC-PACCH message will only be sent for the case where PDAN indicates all DL data blocks have been received and the device requires the establishment of an UL TBF (indicated within the PDAN) but the BSS cannot allocate the requested UL resources. If this occurs the device will simply return to the EC-Packet Idle state and use the EC-RACH/RACH to re-attempt UL TBF establishment. This message is expected to easily fit within a single DL EC-PACCH block.
3.2 EGPRS Packet Downlink Ack/Nack – UL EC-PACCH
This EC-PACCH message will only be sent by a device when polled to do so by the BSS (see [2]). Since the BSN space supported for DL transmissions will be small (i.e. 5 bits) this message is expected to easily fit within a single UL EC-PACCH block. 
3.3 Packet Uplink Ack/Nack – DL EC-PACCH
This EC-PACCH message will only be sent to a device after reception of each set of M1 contiguous pre-allocated UL data blocks (containing one or more RLC data blocks) where M1 is indicated by the EC-AGCH uplink Assignment message that allocates the UL TBF resources (see [2]). The BSN space supported for UL transmissions will be small (i.e. 5 bits) and will not contribute substantially to the size of this EC-PACCH message. However, this message will also be required to assign the device the next set of M2 contiguous pre-allocated UL data blocks (where M2 may be different from M1) the device will use to send additional RLC data blocks. As such, it will have the greatest demands regarding control plane payload space and a candidate message structure is therefore proposed below.

	< EC-GSM Packet Uplink Ack/Nack message content > ::=
	< Message Type  : bit (6) >
	< START_OF_WINDOW : bit (4) > 
	< EGPRS Ack/Nack Description : bit (8) > 
	< NUMBER_OF_UL_RLC_DATA _BLOCKS : bit (4) 	
	< OFFSET_TO_PUAN : bit (4)
	{ 0 | 1	< UL_GAP : bit (4) } 
	< RESEGMENT : bit (1) >
	{ 0 | 1	< CONTENTION_RESOLUTION_TLLI : bit (32) > }
	{ 0 | 1
			{ 0 | 1	< UPLINK_TFI : bit (5) > }
			{ 0 | 1	< EGPRS Modulation and Coding Scheme : bit (4) > }
			{ 0 | 1	< Packet Timing Advance : bit (6) > }
			{ 0 | 1	< Power Control Parameters : < Power Control Parameters IE > > }
			{ 0 | 1	< TIMESLOT_ALLOCATION_UL : bit (8) > }

				{ 0 | 1	< UL_COVERAGE_CLASS : bit (3) > }
			{ 0 | 1	< DL_COVERAGE_CLASS : bit (3) > }
	} ;

A typical PUAN scenario can consist of the yellow shaded fields above which consists of a total of 66 bits which is within the 80 bit DL EC-PACH block limitation of EC-GSM.




UPLINK_TFI (5 bit field)
The Temporary Flow Identity (TFI) uniquely identifies a single uplink Temporary Block Flow (TBF).
EGPRS Modulation and Coding Scheme (4 bit field)
This information element defines the modulation and coding scheme to be used.
CONTENTION_RESOLUTION_TLLI (32 bit field)
The CONTENTION_RESOLUTION_TLLI field is present only if the network has decoded one of the uplink RLC data blocks containing the TLLI. The mobile station shall perform the contention resolution function if the TLLI information element is present. This field is defined in sub-clause 12.16 of 44.060.

RESEGMENT (1 bit field)
The RESEGMENT field defines whether retransmitted uplink RLC data blocks shall be re-segmented or not.
TIMING_ADVANCE_VALUE (6 bit field)
If the TIMING_ADVANCE_VALUE field is present, the mobile station shall use the value contained therein after time defined in 3GPP TS 45.010. If the TIMING_ADVANCE_VALUE field is not present the mobile station shall not change its timing advance value. The Timing Advance value field is encoded the same as the Timing Advance value of the Timing Advance information element defined in 3GPP TS 44.018.
[bookmark: _Toc404940404]Power Control Parameters
The Power Control Parameters information element contains parameters the mobile station shall use to determine its TX power level.
Table 3.3-1: Power Control Parameters information elements
	< Power Control Parameters IE > ::=
	< ALPHA : bit (4) >
	{ 0 | 1 < GAMMA_TN0 : bit (5) > }
	{ 0 | 1 < GAMMA_TN1 : bit (5) > }
	{ 0 | 1 < GAMMA_TN2 : bit (5) > }
	{ 0 | 1 < GAMMA_TN3 : bit (5) > }
	{ 0 | 1 < GAMMA_TN4 : bit (5) > }
	{ 0 | 1 < GAMMA_TN5 : bit (5) > }
	{ 0 | 1 < GAMMA_TN6 : bit (5) > }
	{ 0 | 1 < GAMMA_TN7 : bit (5) > } ;




START_OF_WINDOW (4 bit field)
This information element identifies the BSN number corresponding to the first bit in the bitmap provided by the EGPRS Ack/Nack Description information element.
EGPRS Ack/Nack Description (8 bit field)
This information element contains a bitmap used to acknowledge or negatively acknowledge a group of RLC data blocks.
TIMESLOT_ALLOCATION_UL (8 bit field)
This information element identifies the set of assigned timeslots on the assigned carrier.
UL_COVERAGE_CLASS (3 bit field)
This information element identifies the uplink coverage class to use when sending additional uplink RLC data blocks during the rest of ongoing uplink TBF (i.e. it indicates the number of Repetitions the device is to use when sending additional uplink RLC data blocks).
DL_COVERAGE_CLASS (3 bit field)
This information element identifies the downlink coverage class to use when receiving additional downlink EC-PACCH blocks during the rest of ongoing uplink TBF (i.e. it indicates the number of Repetitions the BSS will use when sending a downlink EC-PACCH block).
NUMBER_OF_UL_RLC_DATA _BLOCKS (4 bit field)
This information indicates the indicates the number of RLC data blocks the device is to transmit using the assigned timeslots where each RLC data block is transmitted using the number of repetitions indicated by the UL_COVERAGE_CLASS information element.
OFFSET_TO_PUAN (4 bit field)
This information indicates the indicates the uplink radio block, relative to the last downlink radio block used to receive the PUAN message, that the device is to use to start transmitting its next available RLC data block.
UL_GAP (4 bit field)
This information indicates the indicates the number of uplink radio blocks that a device shall wait between sending successive UL RLC data blocks starting with the UL RLC data block sent according to OFFSET_TO_PUAN (e.g. after sending the last radio block required to transmit the RLC data block sent according to OFFSET_TO_PUAN the device waits N radio blocks as indicated by UL_GAP and then starts sending the next RLC data block starting with radio block N+1).
3.4 Packet Control Acknowledgement – UL and DL EC-PACCH
[bookmark: _GoBack]For an UL TBF this message will only be sent by a device in response to receiving a PUAN indicating the successful completion of an UL TBF when an indicator in PUAN block header indicates a Packet Control Ack is required.
3.5 Packet Downlink Dummy Control Block – DL EC-PACCH
Regardless of why a BSS may choose to send this EC-PACCH message as a filler block it will identify the receiving device using TFI and as such it is expected to easily fit within a single EC-PACCH block.
3.6 Packet Power Control/Timing Advance – DL PACCH
This EC-PACCH message allows a BSS to transmit adjust power level/timing advance if necessary during a TBF even though the potential for needing to do so is expected to be low given the short duration of UL transmissions made by CIoT devices (e.g. 100 octets). When sent it will identify the target CIoT device using TFI and as such it is expected to fit within a single EC-PACCH block.

4 Way Forward
In light of the analysis of the legacy PACCH messages provided herein regarding their applicability to EC-GSM devices operating in the EC-Packet Transfer state, it can be safely concluded that a very small subset of EC-PACCH messages will be needed for EC-GSM and that single block EC-PACCH messages will be sufficient (i.e. control block segmentation is not required for EC-GSM devices).
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