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1. Introduction
In previous meetings, scheduling of common messages such as RAR and paging, were extensively discussed. Currently, the following progresses were reached [1].
Agreements:
· Confirm the working assumption to use M-PDCCH scheduled PDSCH carrying paging record(s)

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

Agreement:

· Working assumption: 

· M-PDCCH common search space (CSS) is necessary at least for paging and RAR

· Note: the name may be revisited if there is issue identified

· If CSS is necessary, 

· Different UEs can monitor M-PDCCH CSS in different narrowbands and in different subframes

· FFS whether or not to support more than one decoding candidate of the CSS in a narrowband. If it is supported, FFS for UEs monitoring the same narrowband, whether or not the UEs may monitor different decoding candidates of the CSS in the narrowband

· FFS: Starting subframe of M-PDCCH CSS and starting ECCE index of M-PDCCH candidate(s) for a CSS in a narrowband 
· For an M-PDCCH CSS for a UE in coverage enhancement
· M-PDCCH candidates with different R (number of repetitions) is supported
In this contribution, we will continue to discuss the issues regarding RAR scheduling. Firstly, we show our view on confirming the working assumption of defining CSS. Thereafter, collision handling of different RAR messages is investigated and the method to indicate the repetition level of RAR is finally discussed.
2. Discussion on the RAR scheduling manner
According to current progress, using MPDCCH to schedule PDSCH carrying paging record(s) is agreed and whether using MPDCCH to schedule RAR is still FFS.  From our perspective, a unified solution for paging scheduling and RAR scheduling is more desirable. Thus, it is better to confirm the working assumption regarding using MPDCCH for the RAR scheduling. With the support of MPDCCH-based scheduling for RAR and paging, it is very natural to define CSS to accommodate the paging MPDCCH and RAR MPDCCH. Therefore, the working assumption of defining CSS should be confirmed as well.
Proposal 1: Confirm the following working assumptions: 

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

Working assumption: 

· M-PDCCH common search space (CSS) is necessary at least for paging and RAR

· Note: the name may be revisited if there is issue identified
3. Discussion on the RAR detection
For a normal UE, once it sends one preamble on a PRACH resource, it will detect the random access response during a RAR window which starts 3 ms after the PRACH transmission. The UE would firstly detect the RAR DCI scrambled by a RA-RNTI in CSS. The RA-RNTI is determined by RA-RNTI = 1 + t_id + 10 * f_id, in which t_id is the subframe index within one system frame for the associated PRACH and f_id is the frequency resource index for the associated PRACH resource. In FDD system, f_id is fixed to 0, and thus the same subframe index of preamble transmission will result in the same RA-RNTI sequence.
For the MTC UE in coverage enhancement (CE), the RAR detection situation is different from traditional way due to the repetition. As shown in Figure 1, the preamble repetitions for UE1~UE3 start at the same subframe index in different system frames. Their RAR windows for the UEs operating CE are partially overlapped. If the legacy RA-RNTI determination is reused, their expected RAR DCIs are masked with the same RA-RNTI sequence due to the same preamble starting subframe index. Consequently, false detection of RAR for three UEs would happen, which incur unnecessary Msg.3 transmission and Msg.4 reception.
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Figure 1 – Example of RAR false detection
The above RAR false detection problem needs to be resolved. We describe the two solutions below. The first approach is to separate the frequency regions for the MTC UEs detecting RAR DCIs scrambled with the same RA-RNTI within overlapped detection time. As shown in Figure 2, 3 MPDCCH-CSS regions are defined from the NW perspective and located in different narrow bands. For example, different frequency locations for the CSS are defined based on the SFN in which the starting subframe for the PRACH transmission is located. Then, each UE monitors the MPDCCH on the corresponding frequency region which is associated with the SFN where the UE transmits the first RACH preamble.
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Figure 2 – Example of defining multiple MPDCCH-CSS to separate the RAR DCIs transmission.
The second approach is to assign different RA-RNTIs for MTC UEs detecting RAR DCIs within the overlapped detection time and common frequency region. For example, on the basis of traditional RA-RNTI calculation equation, an offset related to the SFN where the preamble was transmitted and repetition number is introduced. The change of RA-RANTI calculation may increase the required number of RA-RNTIs and the values for RA-RNTI. In this case, additional RAN 2 discussion is needed for the RA-RNTI assignment. 
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Proposal 2: RAR decoding issue and the following solutions should be carefully investigated. 
· Define different frequency regions for MPDCCH CSS for different SFN
· Define new RA-RNTI calculation 
4. Indication of repetition level of RAR
Although it was agreed that for UEs in coverage enhancement, the repetition level for unicast PDSCH transmission is dynamically indicated based on a set of values configured by higher layers [1], further investigation is required when the PDSCH contains RAR message considering twofold issues.
Firstly, since RRC connection is not established before MTC UEs receive the RAR, it is not possible to configure the sets of repetition levels by using higher layer signaling. Secondly, unlike the TBS for normal data transmission, the size of the TBS for RAR message varies within limited range, e.g. 3 possible values, so that the indication of repetition level could also be correspondingly enhanced.
Here we provide an example as an alternative enhancement for the indication of repetition level for RAR message by considering above two factors. As shown in Figure 3, the range of repetition numbers can be derived from the PRACH CE level, the exact repetition number within the determined range is further indicated. Obviously, the exact repetition number is correlated to the TBS value, i.e. higher repetition number is required for larger TBS. Therefore, the repetition number could be implicitly derived from the TBS field in DCI, or alternatively by modifying the DCI with a new field replacing legacy TBS. 
	PRACH CE LEVEL
	RAR repetitions

	
	TBS=56 bits
(One RAR multiplexing)
	TBS=104 bits

(Two RARs multiplexing)
	TBS=152 bits

(Three RARs multiplexing)

	1
	8
	15
	20

	2
	18
	34
	48

	3
	45
	82
	130


Figure 3 – Example of mapping between RAR repetitions and PRACH CE level / TBS.
Proposal 3: The indication of RAR repetition levels should be further enhanced. The number of repetitions for the PDSCH containing RAR messages could be implicitly derived from the TBS field in DCI and CE Level for the PRACH.
5. Conclusion
In this contribution, we discussed some aspects of RAR scheduling for MTC UE, including the scheduling option, RAR decoding issue and indication of RAR repetition level. The following are the proposals.
Proposal 1: Confirm the following working assumptions: 

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

Working assumption: 

· M-PDCCH common search space (CSS) is necessary at least for paging and RAR

· Note: the name may be revisited if there is issue identified
Proposal 2: RAR decoding issue and the following solutions should be carefully investigated. 
· Define different frequency regions for MPDCCH CSS for different SFN
· Define new RA-RNTI calculation 
Proposal 3: The indication of RAR repetition levels should be further enhanced. The number of repetitions for the PDSCH containing RAR messages could be implicitly derived from the TBS field in DCI and CE Level for the PRACH.
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