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New Uplink Coverage Class CC5 
- EC-PACCH Message Changes

1. 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.

The EC-PACCH logical channel for uplink coverage class CC5 has been proposed to use a different channel coding scheme with reduced number of input bits compared to EC-PACCH logical channel defined for Rel-13 [2]. This modification is required to reduce the number of data bits in the burst to allow a higher number of bits for channel estimation as for EC-PDTCH.
This document analyses the uplink RLC/MAC message contents sent on EC-PACCH to conclude on the required number of input bits for the modified EC-PACCH for uplink coverage class CC5.

2. rlc/mac control message SIZE analysis for EC-PACCH in Rel-13
Uplink RLC/MAC control messages sent on EC-PACCH, except those using the access burst formats, are received in the RLC/MAC control block format. The different types of messages on the EC-PACCH are distinguished by the MESSAGE_TYPE field as given below.
	< Uplink RLC/MAC control message on EC-PACCH > ::=

< MESSAGE_TYPE : bit (5) == 00001 >
< EC Packet Control Acknowledgement message content > |

< MESSAGE_TYPE : bit (5) == 00010 >
< EC Packet Downlink Ack/Nack message content >;


When the MS is polled for estimation of the timing advance, MS sends access bursts on the EC-PACCH resources. In this case, the 11 bit EC Packet Control Acknowledgement message is sent.

Out of the 3 used EC-PACCH messages, the EC Packet Downlink Ack/Nack message is observed to be the largest message which needs to send the largest information.

	< EC Packet Downlink Ack/Nack message content > ::=

< DOWNLINK_TFI : bit (5) >
< MS OUT OF MEMORY : bit(1)>

{ 0 < EC Ack/Nack Description : < EC Ack/Nack Description IE >>
-- Final Ack Indicator = 0
 | 1



-- Final Ack Indicator = 1 }

{ 0

| 1 {
< EC Channel Quality Report : < EC Channel Quality Report IE > >


< DL_CC_EST : bit (4) > } }

{ 0 | 1
< EC Channel Request Description : < EC Channel Request Description struct > > }


<padding bits >;

< EC Channel Request Description struct > ::=


< PRIORITY : bit (1) >


< NUMBER_OF_UL_DATA_BLOCKS : bit (4) >;




The maximum size of the EC PDAN message when all the parameters are present in the message is calculated in Table 1.

Table 1: Maximum message size calculation for EC-PACCH Uplink (Rel-13).
	Parameter 
	Bit size

	Message type
	5

	Downlink TFI
	5

	MS OUT OF MEMORY
	1

	EC ACK/NACK Description (Including Flag for presence of this parameter)
	22

	EC Channel Quality Report + DL-CC (including flag for presence of this parameter)
	25

	EC Channel Request Description (including flag for presence of this parameter)
	6

	Total number of required bits
	64


3. proposed new ec-pacch messages for cc5 
3.1  Proposed Message type field for Higher coverage class CC5
As only 2 messages are required in EC-PACCH uplink, 5 bits are not considered as required for the message type. The message type size can hence be reduced to 3 bits to allow 6 more new message types. The different types of messages on the EC-PACCH are distinguished by the MESSAGE_TYPE field as given below.
	< Uplink RLC/MAC control message on EC-PACCH CC5  > ::=

< MESSAGE_TYPE : bit (3) == 001 >
< EC Packet Control Acknowledgement Higher CC message content > |
< MESSAGE_TYPE : bit (3) == 010 >
< EC Packet Downlink Ack/Nack Higher CC message content >;


3.2  New EC PDAN Higher CC message content 

When the MS is assigned the uplink coverage class CC5, a new EC PDAN Higher CC message will be used. The message contents of EC PDAN Higher CC are proposed to be defined as depicted below.

	< EC Packet Downlink Ack/Nack Higher CC message content > ::=

< DOWNLINK_TFI : bit (5) >
< MS OUT OF MEMORY : bit(1)>

{ 0 < EC Ack/Nack Description : < EC Ack/Nack Description IE >>
-- Final Ack Indicator = 0
 | 1



-- Final Ack Indicator = 1 }

{ 0

| 1 {
< EC Channel Quality Report Higher CC : < EC Channel Quality Report Higher CC IE > >


< DL_CC_EST : bit (2) > } }

{ 0 | 1
< EC Channel Request Description : < EC Channel Request Description struct > > }


<padding bits >;

< EC Channel Request Description struct > ::=


< PRIORITY : bit (1) >


< NUMBER_OF_UL_DATA_BLOCKS : bit (4) >;




This message includes a new DL_CC_EST parameter of size 2 bits compared to the 4 bit DLCC field in Rel-13. The 4 bit field is required when the MS is in better uplink coverage and CC1 might have been selected as downlink CC. However, when CC5 is in operation in UL, it is assumed that the DL CC is CC2 or even higher, hence two bits are sufficient to be signalled to cover all 4 DL coverage classes.
The EC Channel Quality Report Higher CC IE needs to only include the GMSK BEP parameters for CC5 as 8PSK is not assumed to be operated in DL whilst UL uses CC5.

	< EC Channel Quality Report Higher CC IE> ::=


< GMSK_MEAN_BEP : bit (5) >


< GMSK_CV_BEP : bit (3) > }


< C_VALUE : bit (6) >;


3.3  New EC Packet Control Acknowledgement Higher CC message content 

The message contents for EC Packet Control Acknowledgement Higher CC are identical to that of the existing EC Packet Control Acknowledgement. The message size is always lesser than the one for the EC PDAN Higher CC message.
3.4  Maximum EC-PACCH message size calculation for CC5 
The message size of EC PDAN Higher CC is calculated below in the Table 2.

Table 2: Maximum message size calculation for EC-PACCH Uplink for CC5.
	Parameter 
	Bit size

	Message type
	3

	Downlink TFI
	5

	MS OUT OF MEMORY
	1

	EC ACK/NACK Description (including flag for presence of this parameter)
	22

	EC Channel Quality Report + DL-CC (2 bits) (including flag for presence of this parameter)
	17

	EC Channel Request Description (including flag for presence of this parameter)
	6

	Spare bits
	2

	Total number of Required bits
	56


The maximum message size is determined to be 56 bits which forms the input to channel coding. Based on the above discussion points, following two working assumptions are made as basis for the further specification work for CC5 EC-PACCH message contents and channel coding.
	Working Assumption 1: New EC PDAN Higher CC message with modified contents is defined for EC-PACCH CC5 as depicted in section 3.

Working Assumption 2: Input bits for channel coding of CC5 EC-PACCH will be 56 bits.


4. channel coding scheme changes for CC5 EC-PACCH

The EC-PACCH channel coding scheme which was proposed in [2] uses 60 input bits which are mapped to 106 bits of the single burst radio block. Based on the proposed modifications in section 3, the channel coding scheme for EC-PACCH CC5 is modified. The proposed channel coding for CC5 EC-PACCH is provided in Table 3.

Table 3: Channel Coding parameters for CC5 EC-PACCH.
	Parameter 
	Bit size

	Data bits
	56

	Parity bits for data 
	18

	Tail bits
	6

	Coding 
	Tail biting 1/3 convolutional coding

	Punctioring pattern
	following coded bits are not transmitted: C(floor(n*222/116)) for n=0,…,115 

	Encoded bits
	106

	Burst mapping
	Mapped onto single burst of radio block and repeated in all the bursts.

	Code Rate
	0.69


The code rate for CC5 EC-PACCH is slightly better than that for EC-PACCH of Rel-13 (82/116 =0.71).

	Working Assumption 3: For CC5 EC-PACCH, the channel coding scheme defined in Table 3 is used which encodes 56 input bits and maps them to 106 bits in each burst of the radio block.


5. summary

The EC-PACCH message sizes are analysed in this paper in view of a possible reduction of input bits for the EC-PACCH channel coding scheme to be applied for the new uplink coverage class CC5.

As per the analysis, with introduction of the new EC-PACCH message for downlink Ack/Nack with modified information elements, it is possible to support all the EC-PACCH messages with the maximum size of 56 bits.

The sourcing company proposes to agree on the above listed 3 working assumptions proposed in this document as basis for the further specification work for introduction of the new uplink coverage class CC5.
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