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1 Introduction

M-PDCCH should be used for scheduling dedicated DL and UL transmission in coverage enhancement and normal coverage. Moreover, M-PDCCH is also considered to schedule RAR/Paging messages or carry RAR directly.

In this contribution, we discuss the principles of design new DCIs for M-PDCCH transmission in different scenarios.

2 DCI sizes for unicast transmission
According to the analysis in our companion contribution [1], the following table summarizes the possible DCI payload size for scheduling unicast DL/UL data in different coverage scenarios.
Table 1: DCI size for scheduling unicast DL/UL data in different coverage scenarios
	
	Normal coverage/Small CE
	Moderate CE/Large CE

	
	DL grant
	UL grant
	DL grant
	UL grant

	Total
	up to 26 for FDD

up to 29 for TDD
	up to 21 for FDD

 up to 25 for TDD
	at least 17 for FDD

at least 20 for TDD
	at least 18 for FDD

at least 20 for TDD


3 Fields of new DCI for RAR transmission

3.1 DCI format for RAR transmission based on option 1
As illustrated in our companied contribution [2], about 26 bits DCI can be used for scheduling RAR.

3.2 DCI format for RAR transmission based on option 2

According to the analysis in our companion contribution [3], the table below gives an example about the fields of DCI carrying RAR:
Table 2:  An example about the fields of DCI carrying RAR
	Fields
	Number of bits

	RAPID
	4

	Timing advance command
	11

	UL grant for Msg3
	Backoff indicator
	4

	
	Hopping flag
	2

	
	Resource allocation
	7

	
	MCS
	3

	EPDCCH initialization configuration
	13

	Total
	44


4 Fields of new DCI for Paging transmission

4.1 DCI format for Paging transmission based on option 1

Similar to the DCI for RAR scheduling, the DCI for paging scheduling should also include fields like:

· Frequency hopping indication

· Narrowband indication
· MCS/TBS indication

· Repetition number adjustment

According to our analysis in [4], the DCI for paging transmission should also include the IEs about the indications of system information modification, ETWS and CMAS.
Table 3: Fields of new DCI format for Paging scheduling

	Field
	Number of bits
	Maximum bit number

	Frequency hopping indication
	2
	2

	Narrowband indication
	
[image: image1.wmf]é

ù

)

(

log

DL

NB

2

N


	4

	MCS/TBS indication
	2
	2

	Repetition number adjustment
	2
	2

	System information modification
	1
	1

	ETWS
	1
	1

	CMAS
	1
	1

	Total
	
	13


4.2 DCI format for Paging transmission based on option 2

The paging UE ID can be S-TMSI or IMSI. The length of S-TMSI is 40bits, and the length of IMSI from 24bits~88bits. Considering the large size range of IMSI and S-TMSI is usually used for security, it is preferred S-TMSI as the paging UE ID when option 2 used for paging.

For option 2, the DCI carries one paging record, which should include fields below.
· Paging UE ID: 40 bits (S-TMSI)
· CN-domain: 1 bit

· System information modification: 1 bit

· ETWS: 1 bit
· CMAS: 1 bit

Thus, about 44 bits are needed for the DCI carrying one paging record.

5 Summary on the payload size of new DCIs
As seen from table 4, the payload size range of new DCIs is from 13bits to 44bits. If different DCI formats have many different payload sizes, an MTC UE may have to try decoding M-PDCCH with significant attempts, which will increase UE’s complexity on M-PDCCH blind detection. Moreover, if an MTC UE wants to use LLR combination, it means multiple buffers would be needed in order to store LLR values corresponding to different DCI sizes.

Table 4: Summary on the payload size of new DCIs

	DL unicast DCI, NCE/small CE
	DL unicast DCI, moderate CE/large CE
	UL unicast DCI, NCE/small CE
	UL unicast DCI, moderate CE/large CE
	RAR, option 1 based
	RAR, option 2 based
	Paging, option 1 based
	Paging, option 2 based

	up to 26 for FDD

up to 29 for TDD
	at least 17 for FDD

at least 20 for TDD
	up to 21 for FDD

up to 25 for TDD
	at least 18 for FDD

at least 20 for TDD
	26
	44
	13
	44


Therefore, reducing the kind of DCI payload size is preferred. As seen from table 1, for the RAR and paging transmission based on option 2, the size of DCI for RAR transmission can be the same as that of paging transmission. Therefore, one principle is to make the same DCI size for RAR and paging transmission based on option 2.
Principle 1: The same DCI size for RAR and paging transmission based on option 2 should be made.

For the RAR and paging transmission based on option 1, the size of DCI scheduling RAR transmission has double sizes of that scheduling for paging transmission. The fields in the DCI scheduling paging can be repeated so as to have the same DCI size for the transmission of RAR and paging.
Principle 2: The same DCI size for RAR and paging transmission based on option 1 should be made.

In current specification, the DCI size of format 0 is the same as that of DCI format 1A. To reduce UE’s blind complexity, the DCI size for scheduling UL unicast should also be the same as that for scheduling DL unicast in the same radio condition.

Principle 3: The DCI size for scheduling UL unicast should be the same as that for scheduling DL unicast in the same radio condition.

Further, the DCI size for scheduling unicast in moderate CE and large CE could be more compact in order to improve the efficiency of resource utilization and reduce UE’s power consumption. 
Principle 4: The DCI size for scheduling unicast in moderate CE and large CE could be more compact in order to reduce the repetition number of M-PDCCH.

6 Conclusions
In this contribution, we discuss the DCI format designs for M-PDCCH transmission in different scenarios (unicast UL and DL, coverage enhancement and normal coverage, DCI scheduling RAR/Paging and DCI carrying RAR/Paging), and the following principles are proposed:
Principle 1: The same DCI size for RAR and paging transmission based on option 2 should be made.

Principle 2: The same DCI size for RAR and paging transmission based on option 1 should be made.

Principle 3: The DCI size for scheduling UL unicast should be the same as that for scheduling DL unicast in the same radio condition.

Principle 4: The DCI size for scheduling unicast in moderate CE and large CE could be more compact in order to reduce the repetition number of M-PDCCH.
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