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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #84 meeting, MPDCCH order related clarification was proposed and discussed in [1]. Most companies agreed the following proposal [1], and RAN1 concluded to discuss this proposal in RAN1 #84bis meeting:
Proposal: When an M-PDCCH is used for M-PDCCH order, the two bits corresponding to the location of two MSB bits in the MCS field can be fixed to 11 (in addition to resource block assignment field set to all ‘1’s).
During informal email discussion after RAN1 #84 meeting, some companies further provided their views and solutions. In this contribution, we analyze and compare different solutions of MPDCCH order identification in CE mode B, and give our preference on this remaining issue.
PDCCH order differentiation in current LTE system
As shown in the Figure 1 below, in current LTE system, when UE successfully decodes one PDCCH using the payload size corresponding to DCI format 1A/0, it should firstly test the flag of differentiating DCI format 0 and DCI format 1A. If UE decides the PDCCH transmitted in DCI format 1A, it will further determine whether the PDCCH is used for DL scheduling or PDCCH order via predefined bit states in the DCI. 


Figure 1: PDCCH order differentiation in current LTE system
For PDCCH scheduling DL transmission, an eNB should avoid configure the same bits states as predefined in the PDCCH order, which implies some restriction on eNB’s DL PDSCH scheduling. Using the current LTE PDCCH order differentiating method, Table 1 below summarizes the restriction probability of eNB scheduling corresponding to different DCI formats according to the analyses in our previous contribution [2]. The restriction probability under a certain DCI format will be varied due to the number of spare bits in the DCI for (M)PDCCH order dependent on system bandwidth and frame structure type. The less system bandwidth, the less number of spare bits, and the higher restriction probability.
As seen from the Table 1, the restriction probability is rather high for DCI format 6-1B, and significantly higher than any other DCI format. For 1.4MHz system bandwidth, 25% of PDSCH resource allocations is restricted and not allowed to be scheduled. To avoid significant restriction on M-PDCCH scheduling in CE mode B, optimized method should be introduced for the M-PDCCH order identification of DCI format 6-1B.
Table 1: Restriction probability of eNB scheduling corresponding to different DCI formats
	DCI format
	Restriction probability

	DCI format 1A
	1/8388608 ~ 1/4096

	DCI format 6-1A
	1/536870912 ~ 1/262144

	DCI format 6-1B
	1/64 ~ 1/4


Method for differentiating M-PDCCH order in CE mode B
Figure 2 below shows the fields of DCI format 6-1B for DL scheduling and MPDCCH order [3], and the number in each block is the bit size of corresponding DCI field. As shown in the Figure 2, one bit will be spare when DCI format 6-1B used for MPDCCH order.


Figure 2: Number of bits per field in format 6-1B for DL scheduling and M-PDCCH order
According to the email discussion, several methods were proposed to differentiate DCI format 6-1B for DL scheduling and M-PDCCH order.
Option 1: Introducing one extra flag bit 
Option 1 is the direct method to differentiate DCI format 6-1B for DL scheduling and MPDCCH order. However, it will increase the DCI payload size for DCI format 6-1B and requires a padding bit to be added also to format 6-0B, both of which are clearly detrimental for UEs in CE mode B. 
Option 2: Two bits corresponding to the location of two MSB bits in the MCS field can be fixed to 11 
When DCI format 6-1B is used for DL scheduling, the two MSB bits in the MCS field cannot be 11 [4]. As a result, as proposed in [1], when an M-PDCCH is used for M-PDCCH order, the two bits corresponding to the location of two MSB bits in the MCS field can be fixed to 11.
For the DCI of MPDCCH order, there will have two different methods to form two bits corresponding to the location of two MSB bits in the MCS field. 
Option 2a: Two bits are formed by one spare bit and one bit of “flag for format 6-0B/format 6-1B differentiation”.
Actually, MPDCCH order is definitely DCI format 6-1B. Therefore, the field of “flag for format 6-0B/format 6-1B differentiation” is not needed when an M-PDCCH is used for M-PDCCH order. As a result, there are two spare bits when an M-PDCCH is used for M-PDCCH order. As shown in the Figure 3 below, for M-PDCCH order, these two spare bits corresponding to the location of two MSB bits in the MCS field can be fixed to 11.


Figure 3: Illustration of option 2a
For option 2, as shown in the Figure 4 below, an MTC UE should firstly decide this DCI is M-PDCCH order or not via two MSBs corresponding to MCS field. If these two MSBs states are “11”, the DCI is a M-PDCCH order. Otherwise, it means this is not a M-PDCCH order. If the DCI is not used for M-PDCCH order, the UE can use the flag of UL grant and DL grant to differentiate whether this DCI is used for UL scheduling or DL scheduling. 


Figure 4: M-PDCCH order differentiation in DCI format 6-1B
Option 2b: Two bits are formed by one spare bit and one bit of “resource block assignment”.
For the DCI of MPDCCH order, all bits of resource block assignment are set 1. Thus, as shown in the Figure 5 below, the natural one spare bit can be associated with the bit of “resource block assignment” to form two bits.


Figure 5: Illustration of option 2b
For both option 2a and option 2b, it just change the field order in the DCI, which does not introduce any overhead increment and also does not need any new agreement on the size of DCI fields. Moreover, option 2a and option 2b just provide another explanation of DCI bit string, which obviously does not have any impact on UE’s implementation and complexity. 
 Option 3: Introducing virtual MCS field in the DCI of M-PDCCH order
Another method to differentiate M-PDCCH order and M-PDCCH DL scheduling is to introduce a virtual MCS field (e.g., 4 bits) in the DCI of M-PDCCH order. For example, to reduce the bit number of preamble index and PRACH mask index, some bits can be newly reserved to form the virtual MCS field in the DCI of M-PDCCH order. When a DCI is used for M-PDCCH order, the virtual MCS field indicates an invalid MCS.
Obviously, option 3 causes significant standardization impact and reduces the available number of PRACH preamble and PRACH resources, which leads to severe impact on random access and RAN2 specification. Substantial changes on agreed RAN1 specification are also needed.
Table 2 below compares the advantages and drawbacks among above three options. Obviously, option 2 has the most benefits. Therefore, we propose the proposal in [1] is agreed to solve the issue of M-PDCCH differentiation in DCI format 6-1B.
Table 2: Comparison of three options
	
	Increasing DCI overhead
	RAN1 specification impact
	RAN2 specification impact

	Option 1
	Yes
	Large
	No

	Option 2
(option 2a and 2b)
	No
	No (small)
	No

	Option 3
	Yes
	Large
	Large



Proposal 1: When an M-PDCCH is used for M-PDCCH order, the two spare bits corresponding to the location of two MSB bits in the MCS field can be fixed to 11 (in addition to resource block assignment field set to all ‘1’s)based on option 2a or option 2b.
[bookmark: _Ref129681832]Conclusions
In this contribution, for the remaining issue of M-PDCCH order differentiation in DCI format 6-1B, we analyze and compare different solutions, and the following proposal is provided:
Proposal 1: When an M-PDCCH is used for M-PDCCH order, the two spare bits corresponding to the location of two MSB bits in the MCS field can be fixed to 11 (in addition to resource block assignment field set to all ‘1’s) based on option 2a or option 2b.
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Text Proposal 1(based on option 2a)
The text proposal 1 with regard to the DCI Format 6-0B:
********************* Start of text proposal 1 to 36.212 ****************************
5.3.3.1.11	Format 6-0B
DCI format 6-0B is used for the scheduling of PUSCH in one UL cell. 
The following information is transmitted by means of the DCI format 6-0B:
-	Modulation and coding scheme – 4 bits as defined in section 8.6 of [3]
-	Flag for format 6-0B/format 6-1B differentiation – 1 bit, where value 0 indicates format 6-0B and value 1 indicates format 6-1B

-	Resource block assignment – +3 bits for PUSCH as defined in [3]:

-	 MSB bits provide the narrowband index as defined in section 5.2.4 of [2] 
-	3 bits provide the resource allocation within the indicated narrowband as specified in section 8.1.3 of [3] 
-	Modulation and coding scheme – 4 bits as defined in section 8.6 of [3]
-	Repetition number – 3 bits as defined in section 8.0 of [3]
-	HARQ process number – 1 bit 
-	New data indicator – 1 bit
-	DCI subframe repetition number – 2 bits as defined in section 9.1.5 of [3]
If the number of information bits in format 6-0B mapped onto a given search space is less than the payload size of format 6-1B for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 6-1B), zeros shall be appended to format 6-0B until the payload size equals that of format 6-1B.
********************* End of text proposal 1 to 36.212 ****************************
Text Proposal 2 (based on option 2a)
The text proposal 2 with regard to the DCI Format 6-1B:
********************* Start of text proposal 2 to 36.212 ****************************
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]5.3.3.1.13	Format 6-1B
DCI format 6-1B is used for the scheduling of one PDSCH codeword in one cell.
The following information is transmitted by means of the DCI format 6-1B:
- Flag for format 6-0B/format 6-1B differentiation – 1 bit, where value 0 indicates format 6-0B and value 1 indicates format 6-1B
Format 6-1B is used for random access procedure initiated by a PDCCH order only if format 6-1B CRC is scrambled with C-RNTI and all the remaining fields are set as follows:
- Reserved bits – 2 bits, where 2 bits shall be set to 1

- Resource block assignment – +1 bits, where all bits shall be set to 1
- Preamble Index – 6 bits
- PRACH Mask Index – 4 bits [5]
- Starting CE level – 2 bits provide the PRACH starting CE level as defined in [5]
- All the remaining bits in format 6-1B for compact scheduling assignment of one PDSCH codeword are set to zero
Otherwise, 
- Modulation and coding scheme – 4 bits as defined in section 7.1.7 of [3]
- Flag for format 6-0B/format 6-1B differentiation – 1 bit, where value 0 indicates format 6-0B and value 1 indicates format 6-1B

- Resource block assignment – +1 bits for PDSCH as defined in [3]:

-  MSB bits provide the narrowband index as defined in section 6.2.7 of [2] 
- 1 bit provides the resource allocation within the indicated narrowband, where value 0 indicates RBs with PRB index {0, 1, 2, 3} and value 1 indicates that all 6 PRBs are used.
- Modulation and coding scheme – 4 bits as defined in section 7.1.7 of [3]
- Repetition number – 3 bits as defined in section 7.1.11 of [3]
- HARQ process number – 1 bit 
- New data indicator – 1 bit
- HARQ-ACK resource offset – 2 bits as defined in section 10.1 of [3]
- DCI subframe repetition number –2 bits as defined in section 9.1.5 of [3] 
When the format 6-1B CRC is scrambled with a RA-RNTI then the following fields among the fields above are reserved:
- HARQ process number
- New data indicator
- HARQ-ACK resource offset
********************* End of text proposal 2 to 36.212 ****************************
Text Proposal 3 (based on option 2b)
The text proposal 3 with regard to the DCI Format 6-1B:
********************* Start of text proposal 3 to 36.212 ****************************
5.3.3.1.13	Format 6-1B
DCI format 6-1B is used for the scheduling of one PDSCH codeword in one cell.
The following information is transmitted by means of the DCI format 6-1B:
- Flag for format 6-0B/format 6-1B differentiation – 1 bit, where value 0 indicates format 6-0B and value 1 indicates format 6-1B
Format 6-1B is used for random access procedure initiated by a PDCCH order only if format 6-1B CRC is scrambled with C-RNTI and all the remaining fields are set as follows:

- Reservedource block assignment bits – +21 bits, where all bits shall be set to 1
- Preamble Index – 6 bits
- PRACH Mask Index – 4 bits [5]
- Starting CE level – 2 bits provide the PRACH starting CE level as defined in [5]
- All the remaining bits in format 6-1B for compact scheduling assignment of one PDSCH codeword are set to zero
Otherwise, 
- Modulation and coding scheme – 4 bits as defined in section 7.1.7 of [3]

- Resource block assignment – +1 bits for PDSCH as defined in [3]:

-  MSB bits provide the narrowband index as defined in section 6.2.7 of [2] 
- 1 bit provides the resource allocation within the indicated narrowband, where value 0 indicates RBs with PRB index {0, 1, 2, 3} and value 1 indicates that all 6 PRBs are used.
- Modulation and coding scheme – 4 bits as defined in section 7.1.7 of [3]
- Repetition number – 3 bits as defined in section 7.1.11 of [3]
- HARQ process number – 1 bit 
- New data indicator – 1 bit
- HARQ-ACK resource offset – 2 bits as defined in section 10.1 of [3]
- DCI subframe repetition number –2 bits as defined in section 9.1.5 of [3] 
When the format 6-1B CRC is scrambled with a RA-RNTI then the following fields among the fields above are reserved:
- HARQ process number
- New data indicator
- HARQ-ACK resource offset
********************* End of text proposal 3 to 36.212 ****************************
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