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1 Introduction

In RAN1#81 meeting, the following agreements on RAR/Paging are provided [1]:
RAR:
· UE knows repetition level of transmission of RAR from the repetition level of its most recent PRACH

· FFS whether the repetition level is a function of the TBS of the RAR or not

· FFS the detailed mapping from the repetition level of PRACH to that of RAR

· UE knows in which subframe(s) transmission of RAR can begin from its most recent PRACH resource set

· UE knows in which frequency resource(s) transmission of RAR can occur from its most recent PRACH resource set

· Note: if option 1 is adopted, this does not preclude the possibility of specifying a single frequency resource for M-PDCCH

· NOTE: “Transmission of RAR” includes Option 1,2,3 for RAR transmission mechanism (which will be down-selected)

· If option 1 is adopted, the repetition level, subframe(s), frequency resource(s) here refers to that of M-PDCCH
RAR and Paging:
· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)

· Option 2: M-PDCCH DCI carrying the message

· Option 3: M-PDCCH-less PDSCH carrying the message

· Agree the following as working assumptions for Paging:

· Support Option 1 for the case of a single Paging record in a narrowband

· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 

· Support Option 1 for the case of multiple Paging records in a narrowband 

· Agree the following as working assumptions for RAR:

· Support Option 2 for the case of a single MAC RAR in a narrowband

· Support Option 1 for the case of multiple MAC RARs in a narrowband

· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH

· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB


· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR

In this contribution, further considerations on RAR and Paging are discussed from RAN1 perspective for Rel-13 low complexity UEs in normal and enhanced coverage.
2 RAR transmission
For the case of multiple MAC RARs in a narrowband, if RAR is transmitted by M-PDCCH-less PDSCH (option 3), complexity of RAR blindly detection would be quite high. It is unbeneficial to the cost saving and power consumption for the Rel-13 low complexity UEs. Although the blindly detection complexity may be reduced by predefining factors such as number of RAR multiplexed, MCS of RAR, detection window of RAR, and repetition times of RAR,  the transmission flexibility of RAR would be restricted. Therefore, option 3 is not applicable for RAR transmission. 
Proposal 1: To confirm the following working assumptions:

·  Support Option 2 for the case of a single MAC RAR in a narrowband

· Support Option 1 for the case of multiple MAC RARs in a narrowband

For the case of multiple MAC RARs in a narrowband, if MAC RARs with different repetition levels are multiplexed in one RAR, repetition times of M-PDCCH indicating RAR scheduling and repetition times of PDSCH carrying RAR  should be determined according to the highest repetition level. For the UEs in lower repetition level, serious RAR resource waste would be expected. In order to improve the resource utilization efficiency, it is proposed to multiplex MAC RARs with the same repetition level in one RAR.
Proposal 2: For Rel-13 low complexity MTC UEs in enhanced coverage, only MAC RARs with same repetition level are multiplexed in one RAR.
3 Paging
3.1 Transmission of Paging

In RAN1#81 meeting, the followings were agreed as working assumptions:
· Support Option 1 for the case of a single Paging record in a narrowband;
· This assumes that the DCI size will be relatively compact compared to the size of a Paging record;
· Support Option 1 for the case of multiple Paging records in a narrowband.
Considering that “the DCI size will be relatively compact compared to the size of a Paging record” and better scheduling flexibility, the above working assumptions should be confirmed as agreements.
Proposal 3: The working assumptions for Paging transmission should be confirmed as agreements for Rel-13 low complexity UEs in normal and enhanced coverage.
Cross-subframe scheduling via M-PDCCH was approved for unicast PDSCH transmission in normal coverage in RAN1 #80 meeting. If M-PDCCH is transmitted in subframe n and the cross-subframe scheduling interval is k, PDSCH will be transmitted in subframe n + k [2]. Considering principle of common design, it will be preferable that cross-subframe scheduling is also used for Paging transmission in normal coverage.

Proposal 4: Cross-subframe scheduling via M-PDCCH should be supported for Paging transmission in normal coverage.
For coverage enhancement of Paging messages, as many subframes as possible should be used to reduce paging delay, i.e., subframe #0/4/5/9 may be used for FDD, and subframe #0/1/5/6 may be used for TDD. Besides, if eNB’s system information (e.g., MBSFN subframe configuration) could be acquired in time by Rel-13 low complexity UEs in enhanced coverage and idle state, other subframes except the above four subframes may also be used for Paging transmission. The Paging Occasions (PO) for Paging transmission may be determined based on UE ID.

In enhanced coverage, Paging records with different coverage enhancement levels may be transmitted in one message and the repetition times would be determined by the maximum repetition level. Alternatively, Paging records with different repetition levels may be separately transmitted according to the coverage enhancement level. Considering resource utilizing efficiency, separately transmitting Paging messages according to the coverage enhancement levels would be preferable. In this case, the durations of POs corresponding to different coverage enhancement levels may be predefined or indicated in MTC SIB1.
Proposal 5: For FDD, at least subframe #0/4/5/9 should be used for Paging transmission for Rel-13 low complexity UEs in enhanced coverage.

3.2 Paging for UEs in connected mode

In connected mode, UEs would receive Paging message to acquire the notification of SI changes, ETWS and CMAS (only for ETWS and/or CMAS capable UE). Since the notification information is no more than 3 bits, it is very power inefficient for UEs in enhanced coverage to receive Paging message and the associated M-PDCCH repeated in a number of subframes. Thus, some enchancement would be necessary for transmission of the notification information. For example, the notification information would be included in the DCI associated with Paging, or be transmitted in a new DCI.

Proposal 6: Further enhancement for transmission of the notifications for SI changes, ETWS and CMAS would be necessary.
3.3 Hopping for Paging

Similar to PDSCH, hopping for Paging messages may also be considered. Different Paging messages may share common hopping interval, which may be predefined or indicated in MTC SIB1. Considering potential available subframes for Paging transmission, e.g., subframe #0/4/5/9 for FDD, hopping interval for Paging messages may be one or more frames. Besides, definition of new frame timing for Paging transmission could be considered to ensure sufficient retuning time for FDD, e.g., as shown in Figure 1, subframe #0 in the new Paging frame corresponds to subframe #4 in the existing frame, thus three subframes could be used for retuning operation.
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Figure 1 New frame timing for Paging messages
Considering that same or overlapping set of narrow bands may be used for Paging message, and other broadcast/unicast data, identical hopping interval (e.g., multiple frames) may be considered to ensure resource alignment and resource utilization efficiency.

Proposal 7: If hopping for Paging messages is enabled, hopping internal may be one or more frames, and corresponding retuning moment is FFS for Rel-13 low complexity UEs in enhanced coverage.
4 Conclusions

In this contribution, further considerations on RAR and Paging are discussed from RAN1 perspective for Rel-13 low complexity UEs in both normal and enhanced coverage. We make the following proposals:
Proposal 1: To confirm the following working assumptions:

·  Support Option 2 for the case of a single MAC RAR in a narrowband

· Support Option 1 for the case of multiple MAC RARs in a narrowband

Proposal 2: For Rel-13 low complexity MTC UEs in enhanced coverage, only MAC RARs with same repetition level are multiplexed in one RAR.
Proposal 3: The working assumptions for Paging transmission should be confirmed as agreements for Rel-13 low complexity UEs in normal and enhanced coverage.
Proposal 4: Cross-subframe scheduling via M-PDCCH should be supported for Paging transmission in normal coverage.
Proposal 5: For FDD, at least subframe #0/4/5/9 should be used for Paging transmission for Rel-13 low complexity UEs in enhanced coverage.

Proposal 6: The further enhancement for transmission of the notifications for SI changes, ETWS and CMAS would be necessary.
Proposal 7: If hopping for Paging messages is enabled, hopping internal may be one or more frames, and corresponding retuning moment is FFS for Rel-13 low complexity UEs in enhanced coverage.
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