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1. Introduction
As shown in [1] the extended coverage requirements for Cellular IoT devices can be achieved on the Extended Coverage Access Grant Channel (EC-AGCH) by using a new 2-burst radio block. The EC-AGCH messages will then include 88 bits of payload.
The following document shows a proposal of the contents of the different EC-AGCH assignment messages. The messages are sent on the EC-AGCH on TS1.
The document also shows a proposal of the contents of an assignment message sent on the AGCH on TS0 in response to an access request from a Cellular IoT device using the RACH on TS0.
The Immediate Assignment message is, in legacy GSM, used for both CS and PS domain radio resource assignments. For the PS domain the message can, in turn, be used for either UL or DL radio resource assignments. It is here proposed to use separate EC-AGCH messages for UL and DL assignments, as is already the case on the legacy PACCH.
2. EC-AGCH assignment messages
The following radio resource assignment messages are proposed to be sent on the EC-AGCH of TS1. Three different types of assignment messages and a reject message are seen as being needed:
· Fixed Uplink Allocation 1: Sent in response to an EC-RACH request sent using an AB (i.e. an 11 bit EC-RACH message) for the assignment of UL TBF resources.
· Fixed Uplink Allocation 2: Sent in response to an EC-RACH request sent using an NB (i.e. a 48 bit EC-RACH message including a full 32 bit device identity) for the assignment of UL TBF resources.
· Downlink Allocation: Sent to a CIoT device whose Ready timer is running for the assignment of DL TBF resources.
· Assignment Reject: Sent to reject access requests received on the EC-RACH.
Sections 3-6 contain analysis of the contents and sizes, as well as proposed coding, of the above mentioned messages.
3. [bookmark: _Ref410150765]EC-AGCH Fixed Uplink Allocation 1 assignment message
3.1 [bookmark: _Ref412559316]Message content
Below, in table 1, is a proposal for the EC-AGCH Fixed Uplink Allocation 1 assignment message. It is sent in response to an EC-RACH request using Access Burst (AB). The following information is included within the actual access request message:
· the estimated DL coverage class of the device
· the number of (MCS-1) RLC data blocks for the device to send
· random bits (for request reference)
An estimation of the current UL coverage class of the device is also received together with the access request, as described in [2].
The Fixed Uplink Allocation 1 assignment message contains a fixed uplink allocation over up to 4 timeslots for the device to transfer the requested number of RLC data blocks. An Uplink Coverage Class to be used for the transfer is included in the message and the fixed uplink allocation of uplink radio blocks made using this message factors in the number of repetitions (NTX, UL) associated with the indicated Uplink Coverage Class. As such, NTX, UL contiguous radio blocks will thus be allocated for each transmitted UL RLC data block. The transfer of the RLC Data blocks does not, however, need to be contiguous.
· A Downlink Coverage Class is also included in the assignment message, to be used for the transfer of the EC-PACCH Packet Uplink Ack/Nack message, following the transfer on the fixed uplink allocation. The assignment message is however always sent according to the Downlink Coverage Class indicated by the device in the AB based EC-RACH access request.
· The proposed request reference included in the message below, CIoT_REQUEST_REFERENCE, is intended to be based on at least the random bits of the received access burst and information about the frame numbers it was received in. The TSC and overlaid CDMA code used for the EC-RACH message can also be used for differentiation of the request references.
· It is here proposed to include different sets of frequency parameters (Mobile Allocation, HSN and MAIO) in the System Information on TS1. All these frequency parameters sets are channel specific and thus common for all the TBFs sharing the same PDTCHs. They are considered to be stable and will thus not be changed often. Different possible sets of frequency parameters are defined in the System Information, see [3], and then referenced in the assignment message with a SI_FP_index IE. It is here proposed to allow up to 23 = 8 different sets of frequency parameters. Both the case with frequency hopping and the case with no frequency hopping can be specified in a such a frequency parameters set. In the latter case, it is the used frequency that is specified for the set.
· An indication of what quarter hyperframe the last part of the assignment message is received in is included as a QUARTER_HYPERFRAME_INDICATOR parameter in the message.
· A USED_ DL_COVERAGE_CLASS IE is included in the message, indicating the number of repetitions that are used when transmitting this specific assignment message. The IE is intended for other devices, with a downlink coverage class that requires fewer repetitions, which are listening to the same EC-AGCH blocks. Those devices can use this IE to determine that they can stop listening to the channel for some time.
· The Modulation and Coding Scheme (MCS) to be used during the uplink transfer is only included in the assignment message for the case of a device considered to be in normal coverage.
· The fixed uplink allocation contains the position of the first uplink radio block to be used to transmit the first pre-allocated UL RLC data block using NTX, UL contiguous radio blocks. The position can be defined using, for example, an offset that indicates a number of radio block periods from the received assignment message. The position of the following pre-allocated RLC data blocks, also sent using NTX, UL contiguous radio blocks, are then defined with reference to the position of the previous RLC data block.
· It is assumed that only one window size is needed for the fixed uplink allocation transfers.
· It is below proposed to use a Message Type field with 6 bits, allowing up to 64 different downlink message types.
Table 1, EC-AGCH Fixed Uplink Allocation 1 information elements
	< Message Type : bit (6) >
< Fixed Uplink Allocation 1 message content > ::=
< PAGE_MODE : bit (2) >
	< QUARTER_HYPERFRAME_INDICATOR : bit (2) >
	< USED_DL_COVERAGE_CLASS : bit (3) >		-- # repetitions used when transmitting this message
	< CIoT_REQUEST_REFERENCE : bit (11) >
	< TIMING_ADVANCE_VALUE : bit (6) >
	< TSC : bit (3) >
	< SI_FP_index : bit (3) >			-- reference to frequency parameters in System Information
	< UL Fixed allocation : < UL Fixed Allocation struct > >
< DL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >;	-- DL coverage class for PUAN
<UL Fixed Allocation struct > ::= 
	< TIMESLOT_NUMBERS_UL_ASSIGNMENT : bit (8) >		-- indication of what TNs that are part of the allocation
< UPLINK_TFI_ASSIGNMENT : bit (5) >
< CDMA_CODE : bit (2) >		-- to be used during the uplink transfer
	< UL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >
	< NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS : bit (4) > 
	< START_FN_FIRST_UL_ RLC_DATA _BLOCK : bit (5) > 
	{ 0		< START_FN_NEXT_ UL_ RLC_DATA _BLOCK : bit (3) >	-- relative to end of previous UL RLC Data block
	 | 1 }	-- next UL radio block starts directly after end of previous UL radio block
This part is repeated (NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS – 1) times
	{ 0		-- MCS-1 to be used during the transfer
	 | 1    < MCS_VALUE : bit (3) > }    -- indicates what MCS to use, if different from MCS-1 (for devices in normal coverage)



3.2 Message size analysis
The size of the Fixed Uplink Allocation 1 assignment message proposed in section 3.1 depends on the number of UL RLC data blocks that are pre-allocated by the message. A typical transfer could be considered to require 5 RLC Data blocks using MCS-1. The below Information Elements would then be included in the message if all the RLC Data blocks are allocated as not contiguous, i.e. including a offset between each of the RLC Data blocks. The size of the message then becomes 83 bits, which is below the size limit of 88 bits.
< Message Type : bit (6) >
< PAGE_MODE : bit (2) >
< QUARTER_HYPERFRAME_INDICATOR : bit (2) >
< USED_DL_COVERAGE_CLASS : bit (3) >
< CIoT_REQUEST_REFERENCE : bit (11) >
< TIMING_ADVANCE_VALUE : bit (6) >
< TSC : bit (3) >
< SI_FP_index : bit (3) >
< TIMESLOT_NUMBERS_UL_ASSIGNMENT : bit (8) >
< UPLINK_TFI_ASSIGNMENT : bit (5) >
< CDMA_CODE : bit (2) >
< UL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >
< NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS : bit (4) >
< START_FN_FIRST_UL_ RLC_DATA _BLOCK : bit (5) >
{ 0 (1 bit)		< START_FN_NEXT_ UL_ RLC_DATA _BLOCK : bit (3) >}
{ 0 (1 bit)		< START_FN_NEXT_ UL_ RLC_DATA _BLOCK : bit (3) >}
{ 0 (1 bit)		< START_FN_NEXT_ UL_ RLC_DATA _BLOCK : bit (3) >}
{ 0 (1 bit)		< START_FN_NEXT_ UL_ RLC_DATA _BLOCK : bit (3) >}
{ 0 (1 bit) }  -- MCS-1 used
< DL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >

The size of the message (including the ‘Message Type’ field) can be calculated using the formula:
67 + n + 3*k bits, in case MCS-1 is used for the transfer, and
70 + n + 3*k bits, in case an MCS between MCS-2 and MCS-9 is used for the transfer, where
n = (NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS – 1), and
k = number of times an RLC Data block is allocated as not contiguous to the previous RLC Data block
An allocation for up to 16 RLC Data blocks can thus be assigned by the message while still meeting the message size limitation of 88 bits. The number of allocated RLC Data blocks that are not contiguous then however needs to be reduced to two in case MCS-1 is used and to one in case a higher MCS is used.

4. [bookmark: _Ref412737330]EC-AGCH Fixed Uplink Allocation 2 assignment message
4.1 [bookmark: _Ref412727708]Message content
Below, in table 2, is a proposal for the EC-AGCH Fixed Uplink Allocation 2 assignment message, which is sent in response to an EC-RACH request using Normal Burst (NB). 
The same information is contained in the burst as when using an access burst, see Section 3.1, with the difference that instead of random bits, a MS ID is instead included in the message.
The Fixed Uplink Allocation 2 assignment message contains the same information as the Fixed Uplink Allocation 1 assignment message, see  Section 3, with the difference that the MS ID, or a reduced version of it, see below, is echoed in the content, and that no TA information is required to be communicated.
When a NB access is received, the device can be identified using its MS ID compared to the Access Burst (AB) case. An example of MS_ID is the TLLI of the device. In the assignment message, an identity needs to be sent back to the device in order to avoid other devices to falsely consider the message as being addressed to them. It is thus implied that it is not required to send back the full MS_ID as long as the risk of false detection is kept low enough. In case the MS_ID consists of the TLLI, it could e.g. be considered to include just a part of the TLLI, e.g. the lowest 16-17 bits, in the assignment message. With 17 bits there are 131072 different combinations. The full TLLI (or the remaining part of it) can then be included in the PUAN message.
A TLLI consists of 32 bits but for a local TLLI the two first bits are used to identify that it is a local TLLI. There are thus 30 bits used as identification. It can be assumed that devices performing access request with NB have a local TLLI.
The content of the fixed uplink allocation 2 IE is shown in Table 2.

Table 2, EC-AGCH Fixed Uplink Allocation 2 information elements
	< Message Type : bit (6) >
< Fixed Uplink Allocation 2 message content > ::=
< PAGE_MODE : bit (2) >
	< QUARTER_HYPERFRAME_INDICATOR : bit (2) >
	< USED_DL_COVERAGE_CLASS : bit (3) >		-- # repetitions used when transmitting this message
	< MS_ID : bit (17) >         			    -- could e.g. be the last 17 bits of the TLLI 
	< TSC : bit (3) >
	< SI_FP_index : bit (3) >			-- reference to frequency parameters in System Information
	< UL Fixed allocation : < UL Fixed Allocation struct > >
< DL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >;	-- DL coverage class for PUAN
<UL Fixed Allocation struct > ::= 
	< TIMESLOT_NUMBERS_UL_ASSIGNMENT : bit (8) >		-- indication of what TNs that are part of the allocation
< UPLINK_TFI_ASSIGNMENT : bit (5) >
< CDMA_CODE : bit (2) >		-- to be used during the uplink transfer
	< UL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >
	< NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS : bit (4) > 
	< START_FN_FIRST_UL_ RLC_DATA _BLOCK : bit (5) > 
	{ 0		< START_FN_NEXT_ UL_ RLC_DATA _BLOCK : bit (3) >	-- relative to end of previous UL RLC Data block
	 | 1 }	-- next UL radio block starts directly after end of previous UL radio block
This part is repeated (NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS – 1) times
	{ 0		-- MCS-1 to be used during the transfer
	 | 1    < MCS_VALUE : bit (3) > }    -- indicates what MCS to use, if different from MCS-1 (for devices in normal coverage)



4.2 Message size analysis
With the proposed coding in section 4.1 above, the size of the Fixed Uplink Allocation 2 message would be the same as for the Fixed Uplink Allocation 1 message in section 3. 17 bits are then used for identification of the device. In the case where e.g. 17 bits are used for the device identity in the assignment message, contention resolution would be performed using a PUAN sent either during or at the end of the Fixed Uplink Allocation.
If instead a complete TLLI would be included in the message it can, as described earlier, be assumed that 30 bits would be sufficient. The size of the message would then be:
80 + n + 3*k bits, in case MCS-1 is used for the transfer and 83 + n + 3*k bits, in case an MCS between MCS-2 and MCS-9 is used for the transfer, where
n = (NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS – 1), and
k = number of times an RLC Data block is allocated as not contiguous to the previous RLC Data block
It would then still be possible to allocate some RLC Data blocks as not contiguous while still meeting the message size limitation of 88 bits. As an alternative, a coding where all the RLC Data blocks are contiguous could then also be considered.

5. EC-AGCH Downlink Allocation assignment message
5.1 [bookmark: _Ref412738577]Message content
The EC-AGCH Downlink Allocation assignment message is sent to a device to assign a DL TBF. It can e.g. be sent to a device that has started listening to the EC-AGCH after performing an uplink transfer.
Table 3 below contains a proposal for the EC-AGCH Downlink Allocation assignment message.
It contains an allocation over up to 4 timeslots in order to transfer downlink data to the device. A Downlink Coverage Class to be used during the downlink transfer is included in the assignment message. NTX, DL contiguous radio blocks will thus be used to transmit each DL RLC Data block, where NTX, DL is dependent on the Downlink Coverage Class.
A waiting time indication is included in the message to avoid that the device starts reading the PDTCHs before the transfer will actually start.
Just as for the Fixed Uplink Allocation assignment messages in sections 3 and 4, a reference to the applicable frequency parameters set in the System Information on TS1 is used. A USED_ DL_COVERAGE_CLASS IE is also included in this message.

Table 3, EC-AGCH Downlink Allocation information elements
	< Message Type : bit (6) >
< Downlink Allocation message content > ::=
< PAGE_MODE : bit (2) >
	< QUARTER_HYPERFRAME_INDICATOR : bit (2) >
	< USED_DL_COVERAGE_CLASS : bit (3) >		-- # repetitions used when transmitting this message
	< TLLI : bit (32) >        
	< TSC : bit (3) >
	< SI_FP_index : bit (3) >			-- reference to frequency parameters in System Information
< DL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >; 	-- DL Coverage Class used during TBF
	< TIMESLOT_NUMBERS_DL_ASSIGNMENT : bit (8) >		-- indication of what TNs that are part of the allocation
< DOWNLINK_TFI_ASSIGNMENT : bit (5) >
	< MINIMUM_WAIT_TIME : bit (5) >     -- indicates if the device can wait before starting to read the assigned PDTCH
	< UL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >          -- to be used for subsequent UL signaling



5.2 Message size analysis
The size of the Downlink Allocation assignment message is 75 bits with the proposed coding in section 5.1 above (including the Message Type IE). It thus fits within the size limit of 88 bits.

6. EC-AGCH Assignment Reject message
6.1 [bookmark: _Ref412743392]Message content
Table 4 below contains a proposal for an EC-AGCH Assignment Reject message. It is sent in order to reject uplink access requests from devices. The uplink access requests can be done either using AB or NB.
As described in section 4, it can be assumed that 17 bits are sufficient to identify a device that has performed access request with NB.
Table 4, EC-AGCH Assignment Reject information elements
	< Message Type : bit (6) >
< Assignment Reject message content > ::=
< PAGE_MODE : bit (2) >
	< USED_DL_COVERAGE_CLASS : bit (3) >		-- # repetitions used when transmitting this message
	-- First rejected device
	{ 0  < CIoT_Request_Reference_1 : bit (11) >       -- Identity for access request performed using AB       
	  | 1  < MS_ID_1 : bit (17) > }    -- Identity for access request performed using NB
	< WAIT_INDICATION_1 : bit (5) >     -- waiting time for first device
	-- Second rejected device
	{ 0  < CIoT_Request_Reference_2 : bit (11) >       -- Identity for access request performed using AB       
	  | 1  < MS_ID_2 : bit (17) > }    -- Identity for access request performed using NB
	< WAIT_INDICATION_2 : bit (5) >     -- waiting time for second device
	-- Third rejected device
	{ 0  < CIoT_Request_Reference_3 : bit (11) >       -- Identity for access request performed using AB       
	  | 1  < MS_ID_3 : bit (17) > }    -- Identity for access request performed using NB
	< WAIT_INDICATION_3 : bit (5) >     -- waiting time for third device
	-- Fourth rejected device
	< CIoT_Request_Reference_4 : bit (11) >       -- Identity for access request performed using AB       
	< WAIT_INDICATION_4 : bit (5) >     -- waiting time for fourth device




6.2 Message size analysis
Given the 88 bit size limit, the Assignment Reject message proposed in section 6.1 allows for inclusion of reject of up to three devices, all using NB. 80 bits are then needed in the message. As an alternative, up to four devices can be addressed in case maximum one of the addressed devices was using NB. 84 bits would then be needed.

7. AGCH Immediate Assignment message for CIoT device
As described in [4], devices that are in normal coverage shall use the RACH on TS0 for their access requests when so directed by the network. The access requests can be sent either as Access Burst (AB) or as Normal Burst (NB). The AB sent on the TS0 then uses the 11 bit format starting with ‘100’, see [2].
The response to such access requests would be sent as an assignment message on the AGCH on the TS0. The assignment message may then contain:
· a fixed uplink allocation over up to 4 timeslots
· the MCS that the device shall use during the allocation
· the number of RLC data blocks for the device to send.
The fixed uplink allocation assignment on the AGCH could then be included in a new AGCH message. 
Table 5 and Table 10.5.2.xx.1below contain a proposal for a new AGCH assignment message with a fixed uplink allocation.
No coverage class information is included in the message since the RACH request on TS0 comes from a device in normal coverage. Coverage Class 1 is thus here assumed to be used in the assigned allocations.
The Implicit Reject information is included in the Feature Indicator IE, as for some other AGCH messages.

Table 5, New AGCH message for Fixed Uplink Allocation
	IEI
	Information element
	Type / Reference
	Presence
	Format
	length

	
	L2 Pseudo Length
	L2 Pseudo Length
10.5.2.19
	M
	V
	 1

	
	RR management Protocol Discriminator
	Protocol Discriminator
10.2
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	Fixed Uplink Allocation Assignment Message Type
	Message Type
10.4
	M
	V
	1

	
	Page Mode
	Page Mode
10.5.2.26
	M
	V
	1/2

	
	Feature Indicator
	Feature Indicator
10.5.2.76
	M
	V
	1/2

	
	FUAA Rest Octets
	FUAA Rest Octets
10.5.2.xx
	M
	V
	19




Table 10.5.2.xx.1: FUAA Rest Octets information element
	<FUAA Rest Octets> ::=
	{ 0		< Request_reference : bit (11) >	-- in case of AB request
			< Request_FN_info : bit (16) >		-- Indicating FN of received access request message
			< TIMING_ADVANCE_VALUE : bit (6) >
	 | 1 	< MS_ID : bit (30) >	}					-- in case of NB request
	< TSC : bit (3) >
	< SI_FP_index : bit (3) >			-- reference to frequency parameters in EC-BCCH System Information
	< UL Fixed allocation : < UL Fixed Allocation struct > >

<UL Fixed Allocation struct > ::= 
	< TIMESLOT_NUMBERS_UL_ASSIGNMENT : bit (8) >		-- indication of what TNs that are part of the allocation
	< UPLINK_TFI_ASSIGNMENT : bit (5) >
	< CDMA_CODE : bit (2) >		-- to be used during the uplink transfer
	< NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS : bit (4) > 
	< START_FN_FIRST_UL_ RLC_DATA _BLOCK : bit (5) > 
	{ 0		< START_FN_NEXT_ UL_ RLC_DATA _BLOCK : bit (3) >	-- relative to end of previous UL RLC Data block
	 | 1 }	-- next UL radio block starts directly after end of previous UL radio block
This part is repeated (NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS – 1) times
	< EGPRS_CHANNEL_CODING_COMMAND : bit (4) >
 



The size of the FUAA Rest Octets would here become:
68 + n + 3*k bits, in the AB case, and
65 + n + 3*k bits, in the NB case, where
n = (NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS – 1), and
k = number of times an RLC Data block is allocated as not contiguous to the previous RLC Data block
In the NB case, the whole relevant part of the TLLI (30 bits) then included as MS_ID, as described in section 4.
As a maximum both n and k equals 15, thus giving a size of 128 bits for AB case and 125 bits for the NB case for the FUAA Rest Octets. This is well within the size limit of 152 bits (19 octets). It could thus even be considered to assign fixed uplink allocations to more than one device in the same message.

8. Summary
EC-AGCH messages for fixed uplink allocation assignments, downlink assignments and assignment rejects, as well as proposals for introducing fixed uplink allocations in an assignment message on the AGCH have been presented in the document for discussion. It has been shown that it is possible to construct such EC-AGCH assignment messages that fulfill a size limit of 88 bits. It has also been shown that it is possible to define an AGCH message that can contain a corresponding fixed uplink allocation assignment.
An accompanying pCR to introduce the assignment messages to the TR 45.820 is provided in [5].

9. References
[bookmark: _Ref410139400]GPC150060, “EC-GSM, Block format for EC-AGCH, EC-PCH”, source Ericsson LM, FS_IoT_LC Adhoc#1
[bookmark: _Ref413154795]GP-150136, ”EC-GSM – Random Access Procedure”, source Ericsson LM. GERAN#65
[bookmark: _Ref413078674]GP-150135, ”EC-GSM – BCCH Overview”, source Ericsson LM. GERAN#65
[bookmark: _Ref413080419]GP-150137, ”EC-GSM, CCCH Mapping on TS0 and TS1”, source Ericsson LM. GERAN#65
[bookmark: _Ref413140233]GP-150168, ”pCR EC-GSM, AGCH assignment messages”, source Ericsson LM. GERAN#65
[bookmark: _GoBack]
1(11)
[bookmark: _Toc458939174]11(11)
