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introduction
A new WI on Radio Interface Enhancements for EC-GSM-IoT [1] was approved for Rel-14 at RAN#73. One of the objectives of the work item is to define a new uplink coverage class in order to achieve improved MCL performance for low power devices.
Changes to common and dedicated control channel messages, to RLC / MAC headers, to procedures for TBF establishment and coverage class adaptation for supporting the new coverage class are depicted in this document.
This document contains an update of the contribution presented at Telco#1 for Radio Interface Enhancements for EC-GSM-IoT with changes marked in blue.

changes to common control channel procedures
The new EC-RACH burst structure proposed for CC5 [2] contains only 30 data bits and the corresponding channel coding scheme uses 10 input bits. This requires the definition of new uplink CCCH messages to be carried over CC5 EC-RACH channel.
Table 1: Message contents for EC-RACH/CC5 (10 Bit payload).
	TSC
	Bit 1…9
	Bit 10

	TSC 
(CC5)

	< EC PACKET CHANNEL REQUEST HIGHER ULCC  message content > :: =
< EC-NumberOfBlocks : bit (3)  >
< EC Priority : bit (1) >
< RandomBits : bit (3) >
< Selected DL Coverage Class : bit (2) > ;
	0

	TSC 
(CC5)

	< Other EC-RACH-Message contents >

	1



The new message EC PACKET CHANNEL REQUEST HIGHER ULCC contains the same information elements as the message EC PACKET CHANNEL REQUEST with the difference that the selected DL Coverage Class parameter uses only 2 bits. Use of 3 bit DL-CC is required when the MS wants to report downlink coverage condition better than CC1 threshold. The probability that the downlink coverage condition is better than CC1 threshold, when the selected uplink coverage class is CC5, is very low. Hence this information bit is not required in the present case.
Other EC-RACH messages which need to be sent in CC5 include the EC-RACH messages for multilateration procedure. These messages are not defined as part of this document.
EC-AGCH messages assigning resources for UL TBF requires modifications to indicate the uplink coverage class to be used. The fixed uplink allocation information interpretation for CC5 coverage class needs to be included.
2.1 New Message EC-Immediate Assignment Type 3 for assigning Higher coverage classes
When the BSS receives a channel request from a MS on EC-RACH using coverage class CC5, i.e. it receives the EC PACKET CHANNEL REQUEST HIGHER ULCC message, it sends the new EC-Immediate Assignment Type 3 message containing a different meaning of the UL COVERAGE CLASS parameter in order to enable the assignment of an EC TBF for the higher coverage class CC5.  
< EC Immediate Assignment Type 3 message content > ::=
	< Message Type : bit (4)  >
	< Used DL Coverage Class : bit (2) >
	{ 0 | 1 < EC Page Extension : bit (4) > }
	< EC Request Reference : bit (13) > 
	< EC Packet Channel Description Type 3 : bit (15) > 
	< EC Fixed Uplink Allocation : < EC Fixed Uplink Allocation struct  >>
	<spare padding>;

< EC Packet Channel Description Type 3 : bit (15) >
	< QUARTER_HYPERFRAME_INDICATOR : bit (2) >
	< DL_COVERAGE_CLASS : bit (2) >
	< UL_COVERAGE_CLASS EXT : bit (2) >
	< TSC Set : bit (1) >
	< TSC : bit (3) >
	< EC_MA_NUMBER : bit (5) > ;


Following parameters of EC Fixed Uplink Allocation struct require a new interpretation for the uplink coverage class CC5.

· < Start_First_UL_Data_Block : bit (4) > 

For CC5 the Kth transmission opportunity = the Kth set of 48 BTTI radio blocks on the assigned timeslots occurring after TDMA frame N+9. The Kth set of 48 BTTI radio blocks occurs in the Kth 52-multiframe after TDMA frame N+9.

· < Start_FN_Next_Data_Block : bit (3) > 

For CC5 a gap of K transmission opportunities = K sets of 48 BTTI radio blocks on the assigned timeslots occurring immediately after the last set of 48 BTTI radio blocks used for the uplink transmission. Each set of 48 BTTI radio blocks occurring in each 52-multiframe counts as a gap of one CC5 transmission opportunity.


2.2 Changes to Packet Immediate Assignment Procedure

This procedure needs following modifications to include reception of the EC PACKET CHANNEL REQUEST HIGHER ULCC message on CC5 EC-RACH.
· Reception of EC PACKET CHANNEL REQUEST HIGHER ULCC using CC5 TSC and Overlaid CDMA code indicates the support of CC5 by the MS.
· If the network decides to allocate CC5 for the uplink TBF, it sends the new Immediate Assignment message containing CC5 for UL as part of the packet channel description along with other parameters related to to UL TBF.
All other aspects of this procedure remain unchanged.

	Working Assumption 1:  A new EC Immediate Assignment Type 3 message is defined for assigning an uplink EC TBF with CC5 on uplink to the MS.



For downlink TBF establishment towards MS in READY state, the BSS sends the EC DOWNLINK ASSIGNMENT message on EC-AGCH. If the BSS knows the uplink coverage class of the MS as CC5, it needs to send the new message EC DOWNLINK ASSIGNMENT TYPE 2. This message contains all the parameters of the EC DOWNLINK ASSIGNMENT message with the difference that it includes EC Packet Channel Description Type 3 instead of EC Packet Channel Description Type 2.


	Working Assumption 2:  A new EC Downlink Assignment Type 2 message is defined for assigning a downlink EC TBF CC5 with CC5 on uplink to the MS.


 

2.3  Impacts to Rel-13 MS listening to EC-AGCH due to the new message type
In Rel-13 networks, the MS refers to the downlink coverage class (DLCC) parameter and the page extension parameter of any received EC-CCCH message to decide on further reception on the EC-CCCH. When new message types are introduced in Rel-14, i.e. for Immediate Assignment and Downlink Assignment, the Rel-13 MS receiving these messages as per current behaviour will ignore these messages due to the unknown message type. In this case, the MS will not be able to decode the downlink coverage class and page extension parameters, hence the MS cannot determine the next reception timing based on this EC CCCH message when an EC-CCCH message might be addressed to it.
To avoid the above problem for Rel-13 MS when introducing new message types in later releases, backward compatibility needs to be ensured by requiring the following change to the MS behaviour in Rel-13.
· When the MS receives an EC-CCCH message with unknown message type it ignores all parameters of the message except the downlink coverage class and the page extension parameter. These two parameters are placed in the 7 bits following the message type parameter.
	Working Assumption 3:  Rel-13 corrections are required for Rel-13 MS to decode downlink coverage class and page extension parameters when new message types are introduced in later releases.


 TBF Operation changes
	CC5 Coverage Class Indication 
Two EC-PACCH messages containing information related to uplink resource allocations along with coverage class information are the EC PUAN and the EC Packet Uplink Assignment message.
Both these messages need to include an additional parameter to indicate that the UPLINK COVERAGE CLASS is CC5. For this purpose a new parameter UL COVERAGE CLASS EXT is added as last parameter in these message as depicted below.
< EC Packet Uplink Ack/Nack message content > ::=
< USED_DL_COVERAGE_CLASS : < Used DL Coverage Class IE >>
{
-- All the Existing Parameters of EC PUAN (Rel-13)
UL COVERAGE CLASS EXT : bit(1)
<padding bits> ;
}

< EC Packet Uplink Assignment message content > ::=
< USED_DL_COVERAGE_CLASS : < Used DL Coverage Class IE >>
{
-- All the Existing Parameters of EC Packet Uplink Assignment (Rel-13)
UL COVERAGE CLASS EXT : bit(1)
<padding bits> ;
}

If UL COVERAGE CLASS EXT is set to 1, the uplink coverage class value is obtained by combining the UL COVERAGE CLASS bits and the extension bit. For CC5, UPLINK COVERAGE CLASS bits are set to 00 and UL COVERAGE CLASS EXT bit is set to 1.

Based on the combined interpretation of UL COVERAGE CLASS and UP COVERAGE CLASS EXT parameters, MS derives the uplink coverage class. Following parameter of the above EC-PACCH messages requires additional interpretation for CC5. 
· START_FIRST_UL_RLC_DATA_BLOCK : bit (4) >

This parameter encodes the actual start frame number of the first uplink RLC block with reference to the frame number in which the PACCH message was sent. The mapping of frame number to this parameter depends on the UPLINK COVERAGE CLASS parameter and UPLINK COVERAGE CLASS EXT parameter received. For uplink coverage class CC5, the encoding of this parameter depending on the actual start frame number is given below for the two first code points 0000 and 0001.

4 3 2 1
0 0 0 0	In the TDMA frame (N+13) mod 2715648 or (N+17 or N+18) mod 2715648 or (N+21 or N+22) mod 2715648 or (N+26) mod 2715648 or 
	in the TDMA frame (N+30 or N+31) mod 2715648 or (N+34 or N+35) mod 2715648 or (N+39) mod 2715648 or (N+43 or N+44) mod 2715648 or 
	in the TDMA frame (N+47 or N+48) mod 2715648 or (N+52) mod 2715648 or (N+56 or N+57) mod 2715648 or (N+60 or N+61) mod 2715648

0 0 0 1	In the TDMA frame (N+65) mod 2715648 or (N+69 or N+70) mod 2715648 or (N+73 or N+74) mod 2715648 or (N+78) mod 2715648 or 
	in the TDMA frame (N+82 or N+83) mod 2715648 or (N+86 or N+87) mod 2715648 or (N+91) mod 2715648 or (N+95 or N+96) mod 2715648 
	or (N+99 or N+100) or (N+104) mod 2715648 or (N+108 or N+109) mod 2715648 or (N+112 or N+113) mod 2715648 

The EC Packet downlink assignment message also assigns the uplink coverage class for transmission of uplink EC-PACCH messages. Changes are required in this message also to assign new uplink coverage class (CC5).

The new parameter UL COVERAGE CLASS EXT can be added at the end of the message to indicate that the uplink coverage class CC5 is assigned for uplink operation of the assigned downlink TBF.



	Working Assumption 4:  A new parameter UL COVERAGE CLASS EXT is added at the end of the existing EC Packet downlink assignment message to assign CC5 as uplink coverage class to the MS.




3.2 	EC-PACCH Procedure Changes for CC5 Support

If MS supports uplink coverage class CC5, but is in better coverage condition than CC5 at the time of access attempt, the CC5 capability support of the MS is not sent within the EC PACKET CHANNEL REQUEST message (due to lesser number of bits available in EC-RACH). In this case the BSS can only assign coverage class up to CC4 for traffic channel operation. 

To allow the BSS to assign CC5 for further transmissions, e.g. in case the coupling loss further increases, the BTS should know the CC5 capability of MS so that it can assign CC5 for further transmissions if required. This capability can be obtained from RLCMAC Header via some bits indicating the capability or MS including additional parameter for indicating its capability in RLC block with new length indicator. Alternatively this capability can be queried from SGSN via BSSGP when required. As the need to change coverage class to CC5 is applicable for only for some specific scenarios, it is preferred to query the capability from SGSN prior to coverage class adaptation. Out of the above options inclusion of length indicator or query from SGSN are more suitable options than consuming a bit on RLCMAC Header.

In case the MS starts with the downlink EC TBF from idle mode, the CC5 capability support can be derived based on the DL UNIT DATA message carrying the downlink LLC PDU. This message contains the MSRAC capability information which indicates the MS support for higher coverage class CC5. The BSS can determine the highest UL coverage class for the MS based on this information.

	Working Assumption 5:  
Following options are possible for indicating MS capability for uplink coverage class adaptation.
1.BSS shall get the CC5 capability of MS from SGSN if it decides that the uplink coverage class of the MS needs to be changed to CC5. If the capability indicates CC5 support, BSS assigns coverage class CC5 as part of next downlink EC PACCH message. 
2. MS can indicate the CC5 support via additional length indication within RLC block. 
The option will be selected based on comparative analysis of impact of both options in terms of signaling load increase to CN and the implementation complexity at base station.


 
summary
The link layer impacts for common channel procedure and connected mode procedure for supporting uplink coverage class CC5 are discussed in this document. Changes to EC CCCH and EC PACCH messages are proposed. In addition RLC/MAC Header changes are required to communicate the MS capability to support CC5 to the BSS during TBF operation if not conveyed in the channel access request.
The sourcing company proposes to agree on the 5 working assumptions mentioned in this document as basis for the specification work related to the introduction of the new coverage class CC5 to support MCL improvement in uplink for EC-GSM-IoT.
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