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Introduction
In earlier RAN1 meetings, RAR and paging messages were discussed for Rel-13 low complexity MTC UEs and the following agreements were reached:
Agreement at RAN1#80/79:
· RAR/Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from RAR/Paging messages for other UEs
· RAR/paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels
· Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from Paging messages for other UEs.
· Paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels.
· For paging, from RAN1 perspective, followings are beneficial
· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE
· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission
· Rel-13 low complexity UE can be identified by PRACH
· FFS for detailed indication method, e.g., Preamble and/or resource allocation
Agreement at RAN1#81:
· 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
Agreement at RAN1#81:
· 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, we discuss the transmission of RAR messages and paging for LTE Rel-13 MTC and provide some proposals at the end.

Random Access Response (RAR) transmission
In the last meeting, different options for RAR transmission were discussed as follows: 
· 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

A working assumptions has been reached as follows:
· Support Option 1 for the case of multiple MAC RARs in a narrowband
· Support Option 2 for the case of a single MAC RAR in a narrowband

Option 1: M-PDCCH-scheduled PDSCH carrying the message(s): This option means to define common search space (eCSS) in M-DCCH to provide dynamic scheduling for RAR messages where number of PRBs, TBS and frequency locations (i.e. subband index), etc. are included in the DCI format. In our view this option is only suitable for UEs in normal coverage due to better coverage and does not need repetition in time domain to transmit both DCI and PDSCH. If this option is also applied to enhanced coverage (CE), the overhead to transmit both DCI and PDSCH with time domain repetition will be very significant.

Option 2. M-PDCCH carrying RAR message: This option also means to define common search space (eCSS) in M-PDCCH to carry the RAR message for individual UEs. In our view this option is only suitable for UEs in enhanced coverage mode due to less overhead by only transmitting DCI format with repetitions that carries single RAR message (i.e. eliminating the need for PDSCH).

As eNB can identify whether UE initiating random access procedure is in normal or enhanced coverage mode from PRACH preamble and/or resource allocation, it is visible to apply both Option 1 and 2 at the same time at the eNB. Hence, there is no need to indicate whether eNB supports Option 1 and/or Option 2 in SIB.	

Proposal 1: Confirm the following working assumption for RAR with slight modifications:
· Support Option 1 for the case of multiple MAC RARs in a narrowband for normal coverage
· Support Option 2 for the case of a single MAC RAR in a narrowband for enhanced coverage

Given that a single RAR on msg2 in CE mode is supported in M-PDCCH, all UEs who have transmitted PRACH preambles on the same time and frequency resource will monitor same RA-RNTI corresponding to that resource, although at the end, only one UE may find its RAR message. It may be reasonable to introduce a UE specific RA-RNTI (i.e. PRACH sequence index specific RA-RNTI) in order to reduce the overhead by not including PRACH sequence index in the DCI format but masking with a new MTC RA-RNTI for the intended UE only. 
The legacy RA-RNTI has a range of 1 to 60 and is determined as follows:
RA-RNTI = 1 + t_id + 10*f_id
where t_id = index of the first subframe of the transmitted PRACH (0≤ t_id <10) and f_id = index of the transmitted PRACH in frequency domain of the same subframe (0≤ f_id< 6).
One way is to re-think how RA-RNTI is derived by employing PRACH sequence index to develop the equation of the RA-RNTI. This will detach the new MTC RA-RNTI from multiple UEs even if they select same f_id and t_id unless they pick up same PRACH sequence index. The new MTC RA-RNTI can be placed above the legacy RA-RNTI range and can be determined as follows:
RA-RNTI = 61+64* f_id + PRA_id 
where PRA_id = the transmitted PRACH sequence index (0≤ PRA_id< 64). 
Note that t_id is not included in the above expression due to time domain repetition window (see next).
The assumption made in the above equation is that UE knows the start and end of the time domain repetition window of each PRACH preamble sequence index based on PRACH resource set configuration corresponding to each coverage level, and that window could be based on PRACH transmission periodicity as discussed in [6]. Another assumption is that for the same PRACH preamble sequence index, there are no different starting offsets within the time-domain repetition window (i.e. starting is always fixed, e.g. SFN mod N = 0 where N is the time-domain repetition window size or PRACH transmission periodicity) in order to avoid partially overlapping energies of the same sequence index in time domain. This is because even if there is no transmission from the later offset, eNB may think that there is a transmission because of the energy from the earlier one due to repetition overlap. However, it may be acceptable to have different offsets for different PRACH preamble sequence indices in order to easy eNB processing load and also manage RAR resources in the downlink transmission.
So, if DCI is masked with PRACH sequence-specific RA-RNTI, only intended UE(s) will be able to decode it (i.e. other un-intended UEs will not be able to decode the DCI format).
Proposal 2: Consider a new MTC RA-RNTI derived from PRACH sequence index for UEs with enhanced coverage mode.

As M-PDCCH is adapted for RA messages, time domain repetition will be necessary at least for enhanced coverage mode. In addition, the scheduled subband index in frequency domain should be included in the DCI format in order to achieve eNB scheduling flexibility. Hence, as shown on Figure 1 below, dynamic scheduling via eCSS for RA message 2/4 using cross-subframe scheduling should be supported for all MTC UEs.
Proposal 3: Cross-subframe scheduling is supported for RA message 2 and 4.
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Paging transmission
The current working assumption for paging is as follows:
· 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 

[bookmark: _GoBack]In the legacy LTE system, the paging message is variable as the number of multiplexed UEs are variable. For Rel-13 low complexity MTC UEs, it is beneficial eNB to control the number of messages that can be multiplexed depending on coverage level (i.e. UEs in the same coverage level can only be multiplexed together assuming that eNB can access the information of the latest coverage level for each UE). Therefore, it is desirable to signal TBS in the DCI format using a common search space (eCSS). In addition, for PDSCH carrying paging message, it is beneficial that the subband index in frequency location should be selected dynamically from the available sub-bands by utilizing cross-subframe scheduling as shown Figure 2 below. This will increase scheduling flexibility at the eNB and also decrease the blocking probability of the paging messages. 
Proposal 4: Confirm the following working assumption 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 

Proposal 5: Cross-subframe scheduling is supported for Paging transmission.
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Conclusion
In this contribution, we have discussed the transmission of RAR messages and Paging for LTE Rel-13 MTC and we have the following proposals:
Proposal 1: Confirm the following working assumption for RAR with slight modifications:
· Support Option 1 for the case of multiple MAC RARs in a narrowband for normal coverage
· Support Option 2 for the case of a single MAC RAR in a narrowband for enhanced coverage

Proposal 2: Consider a new MTC RA-RNTI derived from PRACH sequence index for UEs with enhanced coverage mode.
Proposal 3: Cross-subframe scheduling is supported for RA message 2, 4 and Paging transmission
Proposal 4: Confirm the following working assumption 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 

Proposal 5: Cross-subframe scheduling is supported for Paging transmission.
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Figure 1.

Cross-subframe schedualing for RA message 2/4
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Figure 2.

Cross-subframe schedualing for Paging
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