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EC-PACCH contention resolution signalling
1 Introduction
RLC/MAC control messages for EC-GSM-IoT, to be sent on the EC-PACCH, have been introduced in 3GPP TS 44.060 V13.1.0. As described in 3GPP TS 45.003 and in the CR in [1] to 3GPP TS 44.060, the size limit for the EC-PACCH messages, including the MAC header, is 80 bits in the DL and 64 bits in the UL. The USF, which is used in downlink messages for uplink scheduling of legacy GPRS/EGPRS mobile stations on the same PDCH(s), is however not included in these bits since it is coded separately. 75 bits are then available for the DL RLC/MAC control message content if the normal MAC header for EC-PACCH/D is used whereas only 67 bits are available with the extended MAC header for EC-PACCH/D.

The case where these size limits for the RLC/MAC control content becomes a restricting factor is when the EC PACKET UPLINK ACK/NACK (EC PUAN) message needs to be sent with the TLLI for contention resolution, and in addition contains an ACK/NACK bitmap and a Fixed Uplink Allocation.
This document evaluates the size of the EC PUAN message in section 2. Different proposals to extend the Fixed Uplink Allocation in the worst case, i.e. when the network needs to transmit a TLLI for contention resolution as well as an ACK/NACK bitmap and a Fixed Uplink Allocation, are described in section 3.
2 EC PUAN message size analysis

The EC PUAN message is the one that becomes the most restricted by the EC-PACCH size limitation. This is however only the case when the TLLI needs to be included for contention resolution and the Final Ack Indicator is not set, i.e. there is a need to include ACK/NACK information and a new Fixed Uplink Allocation in the same message. In that case the size of the message is 71 bits if no optional information elements are included and the Fixed Uplink Allocation only includes an allocation for 1 RLC data block. Taking into account the remaining 4 bits of available message space it is thus only possible to allocate 3 RLC data blocks, if they are all allocated without a gap.
The optional information elements in an EC PUAN message where the Final Ack Indicator is not set consist of:

·  EGPRS Channel Coding Command;

·  Parameters for update of assignment:

· UL_COVERAGE_CLASS;

· STARTING_UL_TIMESLOT;

· DL_COVERAGE_CLASS;

· STARTING_DL_TIMESLOT_OFFSET;

·  EC-EGPRS Packet Timing Advance; and

·  GAMMA.

None of these parameters are considered common to be included in the EC PUAN message, especially in the message containing the TLLI since it is typically sent as the first EC PUAN message in an uplink TBF.

When the TLLI is not included in the EC PUAN message the size of the Fixed Uplink Allocation can be significantly larger. In case the rTLLI is included instead of the TLLI (i.e. when using the Enhanced Access Request procedure) the size of the message becomes 43 bits when one RLC data block is allocated and no optional information elements are included. There are then 32 bits available for allocating resources for additional RLC data blocks in the Fixed Uplink Allocation, corresponding to 6 – 16 additional RLC data blocks, depending on the number of allocations that are separated by a gap.
When the Final Ack Indicator is not set in the message and neither the TLLI nor the rTLLI is included, there are 28 bits available for allocating resources for additional RLC data blocks in the Fixed Uplink Allocation. That corresponds to 5 – 14 additional RLC data blocks, depending on the number of allocations that are separated by a gap.
When the Final Ack Indicator is set in the EC PUAN message it is possible to fit all optional information elements even if the TLLI is included. The optional information elements that can be included in the message are then however somewhat different than when the Final Ack Indicator is not set.
3 EC PUAN messages with FUA during contention resolution
EC-PACCH message segmentation

Segmentation of downlink EC-PACCH messages is already specified for EC-GSM-IoT. A downlink EC-PACCH RLC/MAC control message can then be sent using 2 segments in case it does not fit within the 75 (or 67) bit size limit. The size limit then becomes 134 bits (2 segments with 67 bits in each). Segmentation of downlink EC-PACCH messages should however only be used when necessary due to the need for two RLC/MAC messages.
Delay of contention resolution

With the Enhanced Access Burst contention resolution procedure, as specified in sub-clause 7a.2.1.2 in 3GPP TS 44.060, the BSS will, in some cases, include the rTLLI (4 bits) instead of the full TLLI (32 bits) in the EC PUAN message. This enables a restricted contention resolution until the full TLLI is sent to the mobile station. The mobile station then only includes the full TLLI in the first uplink RLC data block, i.e. with BSN=0.
If the network would be allowed to include only the rTLLI in EC PUAN messages even if it has correctly received the TLLI (and has not already sent it to the mobile station), the opportunity to include other information in those EC PUAN messages would be improved. It would thus allow for e.g. a large Fixed Uplink Allocation within those EC PUAN messages (7-17 RLC data blocks as described in section 2). The full TLLI would then be sent to the mobile station in a later EC PUAN message where it can fit. As an example it could be included in the final EC PUAN, with the Final Ack Indicator, since it does not contain any ACK/NACK information or Fixed Uplink Allocation and thus has no size issue.
To enable this delay of the TLLI inclusion the requirement that the network shall include the TLLI in the next EC PUAN after it has correctly received it would need to be removed. Delaying the inclusion of the full TLLI however means that completion of the contention resolution will be delayed on the mobile station.
The delay of the contention resolution can also be applied to the Access Burst contention resolution procedure, as specified in 3GPP TS 44.060, sub-clause 7a.2.1.1. The option to include the rTLLI in the EC PUAN message would then be included for that procedure as well. Delaying the contention resolution completion on the mobile station side when the Access Burst contention resolution procedure is used may, however, impact the number of RLC data blocks that need to be transmitted during the TBF. The reason is that, for the Access Burst contention resolution procedure, the TLLI needs to be included in each RLC data block until contention resolution is completed on the mobile station side.
It can be noted that the network can deduce the rTLLI from the TLLI if only the TLLI has been received from the mobile station, i.e. even if no uplink RLC data block with the rTLLI in the header has been correctly received.

Split of TLLI
An option to decrease the size of the EC PUAN message during contention resolution is to let the network split the TLLI into two consecutive EC PUAN messages (whenever 2 or more EC PUAN messages need to be sent during an uplink TBF). The network would then, after successful reception of the TLLI, include e.g. the 16 least significant bits of the TLLI in the first EC PUAN message and the 16 most significant bits in the following EC PUAN message. More space would then be available for Fixed Uplink Allocation, or other parameters. The option to use a split TLLI in the existing EC PACKET UPLINK ACK/NACK message can be coded as in Table 1 below, with additions highlighted in yellow.
This option to split the TLLI into two separate messages would also have an impact to the contention resolution procedure. If the Enhanced Access Burst procedure is not used for the contention resolution, the mobile station then also needs to include its TLLI or, as an option, the remaining part of the TLLI in the uplink RLC data blocks that are sent until the contention resolution is completed.
Table 1 EC PACKET UPLINK ACK/NACK with split TLLI option
	< EC Packet Uplink Ack/Nack message content > ::=


< USED_DL_COVERAGE_CLASS : < Used DL Coverage Class IE >>


{
< UPLINK_TFI : bit (5) >



{
0 {

-- Final Ack Indicator = 0




{ 00
< EC Ack/Nack Description : < EC Ack/Nack Description IE >>





 | 01
{
< CONTENTION_RESOLUTION_TLLI : bit (32) >








< EC Primary Ack/Nack Description : < EC Primary Ack/Nack Description IE >> }





 | 10
{
< CONTENTION_RESOLUTION_rTLLI : bit (4) >








< EC Primary Ack/Nack Description : < EC Primary Ack/Nack Description IE >> }




 | 11
{
-- part of TLLI included (for contention resolution)







{ 0

< CONTENTION_RESOLUTION_TLLI_LOW : bit (16) >

-- least significant 16 bits of TLLI







| 1

< CONTENTION_RESOLUTION_TLLI_HIGH : bit (16) > 
-- most significant 16 bits of TLLI }








< EC Primary Ack/Nack Description : < EC Primary Ack/Nack Description IE >> } }





< PUAN Fixed Uplink Allocation : < PUAN Fixed Uplink Allocation struct > >





< RESEGMENT : bit (1) >





{ 0 | 1 
< EGPRS Channel Coding Command : < EGPRS Modulation and Coding Scheme IE >> }





{ 0 | 1 
< UL_COVERAGE_CLASS : bit (2) >







< STARTING_UL_TIMESLOT : bit (3) >







< DL_COVERAGE_CLASS : bit (2) >







< STARTING_DL_TIMESLOT_OFFSET : bit (2) > } }


 

| 1 {


















-- Final Ack Indicator = 1




{ 0





 | 1 < CONTENTION_RESOLUTION_TLLI : bit (32) > }


 


{ 0
 






 


-- the mobile station shall not continue monitoring the EC-PACCH


 


| 1
{
< T3238 : bit (3) >




-- the mobile station shall continue monitoring the EC-PACCH


 




< Initial Waiting Time : bit (2) >


 




< EC-PACCH Monitoring Pattern : bit (2) > } } }




{ 0 | 1
< EC Packet Timing Advance : < EC-EGPRS Packet Timing Advance IE > > }




{ 0 | 1 < GAMMA : bit (5) > }

	


< padding bits > }




! < Non-distribution part error : bit (*) = <no string> > }



! < Address information part error : bit (*) = <no string> > }


! < Distribution part error : bit (*) = <no string> > ;

< PUAN Fixed Uplink Allocation struct > ::= 


{ 0 | 1 < BSN_OFFSET : bit (2) > }


< START_FIRST_UL_RLC_DATA_BLOCK : bit (4) >


{ 1
{
0
< DELAY_NEXT_UL_RLC_DATA_BLOCK : bit (3) >
-- delay until start of next UL RLC Data block



| 1 } } ** 0;
-- next UL RLC Data block starts at first possible occasion after previous UL RLC Data block


With this option, the size of the EC PUAN message then becomes 56 bits if no optional information elements are included and the Fixed Uplink Allocation includes an allocation for 1 RLC data block. 19 bits are thus available for allocating resources for additional RLC data blocks in the Fixed Uplink Allocation, corresponding to 3 – 9 additional RLC data blocks, depending on the number of allocations that are separated by a gap.
The network needs to make sure that the MS has received the full TLLI to complete contention resolution during the TBF. The successful transmission of a specific EC PUAN message can be confirmed at the network side by the reception of RLC data blocks in the FUA resources allocated in the EC PUAN. That way the network is able to determine if the MS has successfully received the full TLLI, i.e. both parts of it. An option for the network is also to include the full TLLI in the final EC PUAN, with Final Ack Indicator.
New Contention Resolution EC PUAN message
The coding of the EC PUAN message includes several different options, such as with or without contention resolution parameters and ACK/NACK information and with optional inclusion of different parameters. Such flexibility in the message requires choice bits to indicate what parameters are included even though the optional parameters are in many cases not included.
This option focuses on increasing the space available in a message by decreasing the need for choice bits. For the case where the TLLI (for contention resolution) needs to be signalled together with ACK/NACK information and a corresponding Fixed Uplink Allocation, this can be done by defining a specific “EC PUAN and Contention Resolution” message for that case, as in Table 2 below. This “EC PUAN and Contention Resolution” message is then only used for the case where the TLLI is included together with ACK/NACK information and a Fixed Uplink Allocation, i.e. without the Final Ack Indicator. The optional parameters in the EC PUAN message, i.e. EGPRS Channel Coding Command, EC-EGPRS Packet Timing Advance, GAMMA, BSN_OFFSET and parameters for update of the assignment are not included in the “EC PUAN and Contention Resolution” message. Such a message could then still be used for transmitting the full TLLI for the majority of TBFs where more than one EC PUAN needs to be transmitted.

Table 2 New “EC PUAN and Contention Resolution” message

	< EC Packet Uplink Ack/Nack and Contention Resolution message content > ::=


< USED_DL_COVERAGE_CLASS : < Used DL Coverage Class IE >>


{
< UPLINK_TFI : bit (5) >


{
< CONTENTION_RESOLUTION_TLLI : bit (32) >




< EC Primary Ack/Nack Description : < EC Primary Ack/Nack Description IE >>



< PUANCR Fixed Uplink Allocation : < PUANCR Fixed Uplink Allocation struct > >




< RESEGMENT : bit (1) >

	


< padding bits >



! < Non-distribution part error : bit (*) = <no string> > }



! < Address information part error : bit (*) = <no string> > }


! < Distribution part error : bit (*) = <no string> > ;

< PUANCR Fixed Uplink Allocation struct > ::= 


< START_FIRST_UL_RLC_DATA_BLOCK : bit (4) >


{ 1
{
0
< DELAY_NEXT_UL_RLC_DATA_BLOCK : bit (3) >
-- delay until start of next UL RLC Data block



| 1 } } ** 0;
-- next UL RLC Data block starts at first possible occasion after previous UL RLC Data block


The size of this new message becomes 63 bits when 1 RLC data block is allocated with the Fixed Uplink Allocation. 12 bits are thus available for allocating resources for additional RLC data blocks in the Fixed Uplink Allocation, corresponding to 2 – 6 additional RLC data blocks, depending on the number of allocations that are separated by a gap.

4 Conclusions
The size of the EC PACKET UPLINK ACK/NACK message, when including a TLLI for contention resolution as well as ACK/NACK information and a corresponding Fixed Uplink Allocation, is close to the size limit for a single EC-GSM-IoT RLC/MAC control message. The amount of resources that can be included in the Fixed Uplink Allocation and/or the number of optional information elements that can be included in that specific case is thus very limited.

Some proposals on how to increase the number of RLC data blocks that can be included in each Fixed Uplink Allocation during the UL EC TBF, while still handling the contention resolution, have been presented.

It is proposed that:

· the possibility for the network to delay the contention resolution, as described in section 3.2 is adopted for both the Access Burst and the Enhanced Access Burst contention resolution procedures
· the new Contention Resolution EC PUAN message, as described in section 3.4, is introduced in the specifications
The option to split the TLLI, as described in 3.3, has an impact to the procedure and leads to a later completion of the contention resolution on the mobile station side compared to using the new Contention Resolution EC PUAN message (in 3.4).
The above proposals are included in CRs to 3GPP TS 44.060 in [1] and [2].
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