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EC-GSM-IoT New Channel Formats for Short Packets with NIDD CN

Introduction
In order to reduce the IP overhead in the MTC communication, 3GPP introduces non-IP based PDNs in Rel-14. Non-IP based PDNs will terminate the IP interface and only sends the application payload over the cellular network. Support of Non IP data delivery support at GSM core network elements (SGSN/GGSN) is proposed in [1] for Rel-14. 
When the IP related overheads are removed, only MTC application payload needs to be communicated over air-interface along with GPRS protocol overheads including SNDCP/LLC and RLC.
Many of the MTC applications uses CoAP [2] as application protocol. The minimum size of CoAP message is 4 byte CoAP message header. The actual message size depends on the application message content to be transferred using CoAP. Some CoAP messages such as GET/PUT are transmitted without actual payload. These messages are expected to be of size lower than 10 bytes. Other MTC application protocols such as MQPTT also uses some short messages whose sizes are lesser than 8 bytes.
Minimum payload size possible for EC-GSM-IoT radio interface corresponds to MCS-1 payload size of 22 bytes. When the MTC protocol messages of size less than 10 bytes needs to be transmitted the use of 22 byte MCS-1 scheme is not resource efficient as more than 50% of the payload needs to be padded with zeros.
In this paper channel coding schemes with shorter payload sizes are proposed. The expected energy efficiency compared to use of MCS-1 scheme is also analysed in this document.
New channel coding schemes for shorter payload size
As the energy consumption of MS mainly impacted by uplink transmissions, supporting the new format in uplink is sufficient. Moreover EC-GSM-IoT uplink uses Fixed uplink allocation, so the introduction of the new format for uplink will not cause backward compatibility issue. In this section possible new channel formats for shorter payload are discussed.
Short format for EC-PDTCH channel
The input bits for EC-PACCH/U channel coding scheme defined in Rel-13 is 64 bits. This channel format maps the encoded bits into single burst and the content is repeated in other bursts of the radio block. The reference performance at sensitivity level for this channel is 10% BLER.
The same format can be used to send payload bits up to 8 octets as EC-PDTCH(S) channel where the number of bursts to be used within radio block can be reduced to 2. Because EC-PDTCH(S) channel needs to achieve only 50% BLER at the sensitivity level, the number of bursts to be used for repetition can be reduced by half as indicated in the link level performance evaluation given in section 2.3.


Below Table 1 summarises the key parameters of EC-PDTCH/S (U) for Coverage class 1.
	Input bits
	Same as EC-PACCH/U

	CRC
	Same as EC-PACCH/U

	Channel Coding
	Same as EC-PACCH/U

	Puncturing
	Same as EC-PACCH/U

	Mapping to bursts
	Encoded bits are mapped to only two bursts of Radio block


Table 1: Channel encoding and burst mapping for EC-PDTCH/S (u).
Below Figure 1 illustrates mapping of two EC-PDTCH(S) blocks in single Radio block.
[image: ]
Figure 1: Burst mapping for short EC-PDTCH channel.
Short format for single PDCH operation
When base stations have resource restrictions for allocation of 4 PDCH for EC operations, alternative format of EC-PDTCH(S) which is mapped to single PDTCH can be used. This format is needed only when base station have only one PDCH for EC operation.
EC-PDTCH(S)/1-TS channel parameters are captured below in Table 2.
	Input bits
	Same as EC-PACCH/U

	CRC
	Same as EC-PACCH/U

	Channel Coding
	Same as EC-PACCH/U

	Puncturing
	Same as EC-PACCH/U

	Mapping to bursts for CC1
	Encoded bits are mapped to only two bursts of Radio block. 

	Mapping to bursts for CC2
	Encoded bits are mapped to all 4 bursts of radio block. Radio block is transmitted in two consecutive block periods.

	Mapping to bursts for CC3
	CC2 radio block is transmitted in 4 consecutive block periods

	Mapping to bursts for CC4
	CC2 radio block is transmitted in 4 consecutive block periods and repeated in next 52 MF.


Table 2: Channel encoding and burst mapping for short EC-PDTCH using single PDCH. 
Below Figure 2 shows the block structure for EC-PDTCH(S)/1TS in traffic multiframe structure.
Within 52 MF structure 24 EC-PDTCH/S blocks are defined for CC1. Number of blocks for CC2, CC3 and CC4 are 6,3 and 3 respectively. For CC4 the block is repeated in next 52 MF also.
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Figure 2: Block structure for EC-PDTCH(S)/1TS.

Coverage Performance of new Formats
The input level for new formats for reference performance of CC4 is evaluated using link level simulations for TU1.2 nFH environment.
Below Table 3 provides the comparative input signal level of all traffic channel formats for reference performance.
	Logical channel
	Input signal level for reference performance [dBm]

	EC-PDTCH: CC4
	-127

	EC-PDTCH (S)-4TS: CC4 (Using 4 PDCH)
	-127

	EC-PDTCH(S)-1TS: CC4
	-127.5


Table 3: Comparison of input level for reference performance.
The results indicates that both new formats achieves the similar performance as EC-PDTCH channel. Link level performance of EC-PDTCH(S)-1TS format is slightly better than EC-PDTCH performance.
Shorter packet formats in DL for single PDCH operation
When small packets are sent using single PDCH resources, the EC-PACCH/D channel also needs to be operated using single TS. As only minimum information needs to be carried over EC-PACCH(S) message compared to EC-PACCH channel, new channel coding scheme with lesser payload size can be defined here. This new format will require less number of blind physical layer transmissions compared to other format.
EC-PACCH(S)-1TS/DL channel coding scheme
Table 4 below depicts the channel encoding parameters for EC-PACCH(S)-1TS/DL.
	Payload bits
	32

	CRC
	18

	TBCC :1/3
	150

	Puncturing
	33 

	Encoded bits
	114


Table 4: Channel encoding parameters for EC-PACCH(S)-1TS/DL
For mapping of blind physical layer transmissions onto 52 MF for each coverage class is same as that of EC-PACCH(S)-1TS/UL.
[bookmark: _GoBack]The message contents of EC-PACCH(S)-1TS can be defined during WI based on the required parameters.
The link level performance of this format is not yet evaluated.
This new EC-PACCH(S)/DL is not required for short data format which can be mapped to multiple PDCHs.
Shorter EC-PDTCH(S)-1TS/DL 
When base station operates with single PDCH reserved for EC-GSM-IoT operations, by defining shorter EC-PDTCH(S)-1TS/DL format, it is possible to achieve CC4 for smaller payload size.
EC-PDTCH(S)-1TS/DL can use EC-PACCH/DL channel coding scheme and the blind physical layer transmission mapping can use the EC-PDTCH(S)-1TS format described in section 2.4.
Link Layer aspects
TBF Establishment and contention resolution for shorter payload
When MS wants to send smaller payload size less than 16 bytes it can choose to use the smaller packet size instead of MCS-1 format. As part of channel request message MS indicates that it wants to send smaller packets by setting the combined bits of priority +RLC block count to unused values. [Priority = High, RLC block count: page response /cell update ].
Base station assigns EC-PDTCH(S) or EC-PDTCH(S)-1TS resources for transmission of one or two short radio blocks. Base station acknowledges the reception of blocks using PUAN as similar to existing PDTCH operations.
Base station knows the position of retransmitted block against the BSN. Based on this awareness base station can further soft combine the retransmissions without header.
When more than 2 such small packets needs to be delivered, MS can choose to use MCS-1 format as MCS-1 will be better coding scheme when packet size exceeds 16 bytes.
Multiplexing of short format with other PS traffic
Rel-13 MS will identify the received block as EC-PDTCH or EC-PACCH based on blind decoding. When it receives block which contains the shorter payload, it will fail the blind decoding but this should be acceptable as there is no impact to USF sharing with legacy slots.
Rel-14 MS which support the short data format attempt to IQ combine the bursts as per the coverage class mapping for the short data format and decode. As part of downlink TBF establishment base station can inform the use of short format so that MS can apply this format for the complete TBF duration.
Dedicated logical channel for small data transmission
Instead of multiplexing the small data transmission of EC-GSM-IoT devices, dedicated PDCH can be allocated for this purpose. This new channel structure can be similar to SDCCH channel. This option also can be studied for small data transmission.
delay anD energy consumption analysis
The number of uplink bursts required for both of the new formats is only 50% of the bursts required for EC-PDTCH transmission. When the new format is used for smaller packet transmissions overall energy saving of 50% is possible.
EC-PDTCH(S) uses the same BTTI of EC-PDTCH so the delay performance of this format will be same as that of EC-PDTCH which need to transmit only single block.
The delay component T-HARQ when the new formats are used is estimated as below for EC-PDTCH(S)-1TS.
Delay for single short block transmission = T(EC-PDTCH/D)+Tms+T(EC-PDTCH(S)/UL)+Tbss
			    = (240+160) +160+(240+160)+160 =1020 ms
Delay corresponds to 4 HARQ transmissions = 4*1020 ms =4080 ms.
This delay component value is only 1.5 ms higher than HARQ delay component of CC4 EC-PDTCH (2880 ms as per [3]). As the delay performance for transmission of exception report of EC-GSM-IoT solution is only 5.6 seconds compared to 10 sec target value , this additional delay of 1.5 sec will not have an impact in achieving the required delay performance of CIoT system.
specification changes
The new channel formats re-uses the EC-PACCH format and the number of blind physical layer transmissions and its mapping only needs to be changed.
Following core specifications related to radio layer aspects are impacted:
· 43.064
· 45.001
· 45.002
· 45.003
· 45.005
Following core specifications related to protocol layer aspects are impacted:
· 44.018
· 44.060
conclusion
New channel coding scheme for transmission of smaller packet from EC-GSM-IoT device is proposed which may be required when the CN supports non-IP data delivery. The proposed channel coding scheme EC-PDTCH(S) reuses the EC-PACCH channel coding scheme with difference that number of blind physical layer transmissions is reduced. This option provides 50% energy saving for small data transmission compared to use of existing MCS-1 format for the same.
Possible modifications to EC-PDTCH(S) format to fit into single PDCH was also analysed along with changes to other channels EC-PACCH and EC-PDTCH to fit into single slot. The issues related to multiplexing of these formats with Rel-13 EC-PDTCH channels is also presented.
The sourcing company proposes to include the introduction of the EC-PDTCH(S) format as part of Rel-14 work item [5] to support energy efficient transmission of small data in uplink. For short formats with single PDCH resource mapping further analysis will be required to define multiplexing mechanism with Rel-13 devices without impacting Rel-13 MS functionality.
referenceS
[1] 	S2-163806 CR 23.401 Adding support for NonIP & SCEF in GERAN
[2] 	CoAP –RFC7252: Constraint Application Protocol
[3] 	GP-150449 EC-GSM – Exception Report Latency Performance Evaluation
[4] 	3GPP TR 45.820 - Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things
[5] 	R6-160033, New WID on Radio Interface Enhancements for EC-GSM-IoT, Nokia, RAN6#1




	R6-160032
	3GPP TSG RAN WG6 #1                                               
	7 / 7



image1.png
Mapping of 2 EC-PDTCH(S) into single Radio block




