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In RAN1 #82 meeting, the following working assumption was concluded for RAR transmission [1]:
Working assumption:
· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)
· The working assumption regarding RAR that was made in RAN1#81 was cancelled
In this contribution, we give our considerations on new DCI formats to support efficient RAR detection for MTC UEs. 
Confirm working assumption
As analyzed in our previous contribution [2], the option of DCI carrying one MAC RAR is beneficial to save UE’s power consumption especially in large coverage enhancement level. However, in view of minor standardization work to keep consistent methodology for RAR transmission as in current specification, it is acceptable to confirm the working assumption to make progress.
Proposal 1: Confirm the working assumption for RAR transmission
New DCI format for RAR transmission
In current specification, DCI format 1A and format 1C can be used for scheduling common messages (SIB, RAR and Paging). Therefore, DCI format 1A and format 1C can be regarded as the starting point for designing the new DCI format for RAR transmission.
New DCI format based on DCI format 1A
Fields needed based on DCI format 1A
The first column of table below lists the current field of DCI format 1A, and the second column of the table provides the usage remark about some fields when DCI format 1A is used for scheduling common message. The third column gives considerations on the necessary fields of new DCI format for scheduling RAR, and the detailed analysis can refer to our previous contribution [2].







Table 1: New DCI format based on DCI format 1A
	
	The remark in current specification
	New DCI format for RAR

	Carrier indicator
	
	Not needed

	Flag for format0/format1A differentiation
	
	FFS

	Localized/Distributed VRB assignment flag
	
	Not needed

	Resource block assignment
	
	New resource allocation

	Modulation and coding scheme
	
	Need or replaced by TBS indication field


	HARQ process number
	Reserved
	Not needed

	New data indicator
	
Reserved for 
	Not needed

	Redundancy version
	
	Not needed

	TPC command for PUCCH
	The most significant bit of the TPC command is reserved

The least significant bit of the TPC command indicates column of the TBS table
	Not needed

	Downlink Assignment Index
	Reserved
	Not needed

	SRS request
	DCI formats scheduling PDSCH which are mapped onto the UE specific search space given by the C-RNTI
	Not needed

	HARQ-ACK resource offset
	DCI format for EPDCCH
	Not needed



As seen from table 1, only three fields in current DCI format 1A may be needed when scheduling the RAR transmission for MTC UEs.
The flag for format0/format1A differentiation: This field may be needed if allowing UL grant transmitted within eCSS. Considering the limited eCSS capacity within one narrowband, and in order to reduce the M-PDCCH detection complexity, it can assume Rel-13 low complexity UEs and UEs operating coverage enhancement don’t decode UL grant when decoding the M-PDCCH with RA-RNTI.
Resource assignment: For resource allocation for RAR transmission, it can reuse the method of resource allocation for the unicast transmission of Rel-13 low complexity UEs [3]. The DCI can firstly indicate the narrowband location, and then indicates the specific PRBs within the narrowband. To simplify the standardization design and guarantee the performance of RAR transmission, the RAR transmission can occupy all 6RBs within the narrowband (like SIB transmission). Thus, the resource allocation within the narrowband is not needed.
Modulation and coding scheme: In current specification, only QPSK can be used for RAR modulation. If the RB number of RAR transmission is always 6, the MCS indication is actually equal to TBS indication. Therefore, a new field of TBS indication can be considered to replace MCS field. The MCS/TBS field can indicate a TBS within one TBS set, which is configured for each RAR repetition level.
 New Fields needed for RAR transmission
Considering the RAR transmission for Rel-13 low complexity UEs and coverage enhancement UEs, some new fields may be introduced in the new DCI format.
Frequency hopping: Frequency hopping can be used to get frequency diversity gain. Thus, the new DCI format can include frequency hopping indication for RAR transmission.
Repetition level of RAR transmission: In fact, no further information except PRACH can be obtained for eNB in order to indicate more accurate repetition level information of RAR transmission. Therefore, the repetition level of PDSCH carrying RAR is determined by that of PRACH is preferred so as to reduce the overhead of DCI. The basic repetition number of RAR transmission can be determined according to the repetition level of RAR.
Repetition number of RAR transmission: To provide the flexibility of RAR transmission, the DCI can further adjust the repetition number of RAR transmission on top of the basic repetition number of RAR transmission, which is determined according to the repetition level of RAR.  
Preamble indication: According to the current mechanism, the RAPID is transmitted on PDSCH. As shown in the figure below, even if a UE successfully decodes control channel, it still needs to decode PDSCH to find whether the RAPID included in PDSCH matched with its transmitted preamble. If there is no matched RAPID, it means the UE wastes the detection on control channel and PDSCH. 


Figure 1: Illustration of current RAR transmission
Considering coverage enhancement scenario, if RAR is scheduled by M-PDCCH, both M-PDCCH and PDSCH (carrying RAR) can require massive repetitions. For a coverage enhanced MTC UE, it successfully decodes M-PDCCH and PDSCH with great difficulty, but finds the RAPID is not matched. Thus, the power consumption of this UE is significantly wasted. 
As shown in the figure below, a new method is to indicate RAPID information in DCI. Since maximum 1000 bits are allowed for the PDSCH carrying RAR, at most 17 MAC RARs can be included within one PDSCH (assuming 56 bits for one MAC RAR). Thus, it is reasonable to assume 16 available PRACH sequences within one PRACH resource set. Therefore, the DCI can include a 16 bits field of preamble indication (in bitmap manner) to indicate which preamble sequence is responded by an eNB. If there is no matched preamble indication in DCI, an MTC UE cannot decode PDSCH to reduce power consumption. Correspondingly, the MAC PDU does not include the RAPID of each MAC RAR, which will further reduce the size of MAC PDU and save UE’s power consumption on PDSCH detection.


Figure 2: Illustration of new RAR transmission
Based on DCI format 1C
DCI format 1C is used for very compact scheduling of one PDSCH codeword. The following three fields are included in the current format 1C for common message transmission:
· Gap indication
· Resource block assignment
· Modulation and coding scheme

In current specification, there is no bit for gap indication for. Since Rel-13 low complexity UE and UE operating CE can only receive RAR within 6PRB, the gap indication is not needed.
The usage of resource block assignment and MCS indication can be the same as analyzed in above section.
Similarly, new fields, like frequency hopping indication, repetition number adjustment and preamble indication, should also be included in the new DCI format based on format 1C.
Fields for RAR transmission
To sum up, the new DCI format for scheduling RAR may include:
· DCI format 0/new DCI format differentiation
· Frequency hopping indication
· Narrowband indication
· MCS/TBS indication
· Repetition number adjustment
· Preamble indication
The difference of new DCI format based on DCI format 1A and DCI format 1C is that the new DCI format based on format 1A has an additional field of DCI format 0/new DCI format differentiation. To make a common design, it is preferred DCI format 0/new DCI format differentiation is not needed in the new DCI format.
Proposal 2: New DCI format for scheduling RAR should include fields of 
· Frequency hopping indication
· Narrowband indication
· MCS/TBS indication
· Repetition number adjustment
· Preamble indication
Payload of new DCI format
For frequency hopping indication, 2 bits are sufficient to indicate the hopping configuration.

For narrowband indication, the number of bits can be dependent on the number of available narrowbands  configured by eNB. Considering maximum 16 narrowbands (of 6PRB) within 20MHz system, the maximum bit number of narrowband indication should be 4. Further, as analyzed in [4], the bits of narrowband indication can be reduced if DCI indicates a narrowband offset.
Considering UE’s detection complexity and power consumption, the RAR message size should not be very large. Therefore, 2bits are used to indicate MCS/TBS could be enough.
The adjustment of repetition number could be restricted within a limited set. It is recommended to use 2 bits for this indication.
The bit number of preamble indication can be 16.
The following table summarized the fields of DCI format for RAR scheduling, and an example for the new DCI format is given in the right column. 

Table 2: Payload size of new DCI format for RAR scheduling
	Field
	Number of bits
	Maximum bit number

	Frequency hopping indication
	2
	2

	Narrowband indication
	

	4

	MCS/TBS indication
	2
	2

	Repetition number adjustment
	2
	2

	Preamble indication
	16
	16

	Total
	
	26



Proposal 3: New DCI format for scheduling RAR has the payload size of about 26 bits
[bookmark: _Ref129681832]Conclusions
In this contribution, the considerations on new DCI formats to support efficient RAR detection for MTC UEs are provided, and following proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Confirm the working assumption for RAR transmission
Proposal 2: New DCI format for scheduling RAR should include fields of 
· Frequency hopping indication
· Narrowband indication
· MCS/TBS indication
· Repetition number adjustment
· Preamble indication
Proposal 3: New DCI format for scheduling RAR has the payload size of about 26 bits
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