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1 Introduction
During RAN1#79 meeting, the following agreements on common control messages for Rel.13 MTC were approved [2]:

SIB(s):

· RAN1 recommends that RAN2 consider introducing new SIB(s) for Rel-13 low complexity UEs in normal and enhanced coverage

· A Rel-13 low complexity UE will not be able to

· Receive SI-messages in more than 6 contiguous PRBs 

· Receive PDCCH which schedules transmissions of legacy SIBs

·    FFS: Whether UE can receive PDCCH which schedules transmissions of legacy SIBs in 1.4 MHz system BW case

· Maximum TBS, SIB size(s) and time-domain aspects including e.g. SI-windows and SIB update rate(s) can be decided jointly with RAN2

· This does not preclude the possibility of using a subset of the new SIB(s) for normal coverage or enhanced coverage

· FFS whether UEs of other category in enhanced coverage can use this SIB(s)

· RAN1 recommends RAN2 to consider limiting support of mobility for Rel-13 low complexity UEs to reduce SIB size at least in enhanced coverage

RAR/Paging:
· 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

· 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

In this contribution, we further consider the issue of SIB/RAR/Paging transmission for Rel-13 low-complexity UE and/or UE in enhanced coverage.

2 SIB
Due to the Rel-13 MTC UE (a) not be able to receive SI-messages in more than 6 contiguous PRBs, (b) not be able to receive PDCCH which schedules transmissions of legacy SIBs, and (c) can support the maximum TBS of approximately 1000 bits, it was recommended by RAN1 to introduce new SIB(s) (labeled as M-SIB(s)) for Rel-13 low complexity MTC UEs in normal and enhanced coverage.
The control information transmission of M-SIB(s) can be performed using one of the following options:

1) Control-less transmission(transmission of M-SIB(s) is using some fixed or pre-defined transmission parameters.
2) (E)PDCCH-CSS transmission ( M-SIB(s) are transmission by detecting/monitoring common search space (CSS) on (E)PDCCH. 
Control-less transmission scheme as described in option (1), fixed or predefined scheduling such as M-SIB(s) transmission resource assignment information and modulation and code scheme (MCS) in specifications would reduce the scheduler flexibility in general. Although the frequency diversity gain obtained through utilization of full system bandwidth in control signaling via (E)PDCCH is lost, if some frequency hopping scheme, such as defining a frequency hopping pattern which related to the cellID or subframe index within the full system bandwidth in the specification, the frequency diversity gain can also be achieved. This option also has the lowest overhead and little standard effort.
Using (E)PDCCH for M-SIB(s) scheduling as in option (2) offers more scheduling flexibility compared with option (1).  Using (E)PDCCH to schedule the M-SIB(s) incur high overhead especially when repetition is required in Rel-13 coverage enhancement MTC. Furthermore, from UE perspective, in the Rel-13 MTC UE, any control information detecting/monitoring as well as its corresponding feedback would additionally increase the UE decoding complexity and hence take more power consumption.
We follow the current SIB transmission in legacy systems and combine the advantage of the above two options, and consider the control-less M-SIB(s) transmission as main scheme with some necessary control information scheduling in MIB and M-SIB1 as the following option:
3) M-SIB1 schedules the other M-SIB(s) transmission( the scheduling for M-SIB1 can be indicated in the MIB (using spare bits) or predefined in the specification, while the scheduling of other M-SIBs(except M-SIB1) is indicated in M-SIB1.
The SIB control information is signaled by DCI format 1A and 1C via (E)PDCCH in current systems[1], the DCI contains resource block assignment, MCS scheme and TBS information. For M-SIB(s) transmission, QPSK modulation is fixed in the specification, so only resource block assignment and TBS information should be fixed (predefined) or need to be indicated by other ways. 
M-SIB1 transmission(In order to avoid MTC extensive blind decoding of M-SIB1 with control-less transmission, M-SIB1 physical resource assignment should be fixed in the specification or predefined by some other way. For example, the M-SIB1 is mapped to the central 6 PRBs or other fixed narrowband as the MIB/SIB1 transmission with a predefined periodicity. If the M-SIB1 is mapped with this fixed way, some frequency and time diversity will be lost, but some other gain will be achieved, such as re-tuning time and channel estimation from cross subframe gain. As for the TBS information, some restrictions are imposed on defining the content of M-SIB1 to fix the size (e.g. to pad some zero bits if possible).

Other M-SIB(s) transmission( Other M-SIB(s) control information could be broadcasted by M-SIB1. The control information includes resource block assignment, MCS, SI-window length, frequency hopping and number of repetitions. Similar the current SIB transmission, scheduling other M-SIBs using M-SIB1 is a compromise between flexibility and overhead compared with control-less transmission and EPDCCH-CSS transmission. Rel-13 MTC UE could monitor changes to M-SIB1 at least once every modification period for possible changes to the scheduling as shown in Figure 1. 
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Figure 1: M-SIB control-less transmission illustration
3 RAR

Similar to M-SIB transmission, there are two RAR transmission schemes for Rel-13 low complexity MTC UEs in normal and coverage enhanced mode discussed in the previous meetings:

1) RAR transmission without “physical downlink control channel”;

2) RAR transmission scheduled by (E)PDCCH-CSS;
For control-less scheme in option 1, RAR is decoded by blind detection. The complexity of RAR blind detection is mainly determined by several factors, such as the number of UEs multiplexed, RAR detection window length, location of narrow band, MCS and RAR repetition times, etc. If some of these factors are fixed in the specification or by simple determined way, the complexity of RAR detection could be largely reduced. Although this option loses the scheduling diversity gain, this would help to reduce the power consumption for MTC UEs with reduced bandwidth by skipping the decoding of the “physical downlink control channel for MTC” to some extent.
Compared with option 1, option 2 has better dynamic scheduling in the existing LTE specifications using the “physical downlink control channel for MTC”. Based on the discussion from last meeting, narrowband PDCCH or EPDCCH with common search space can be utilized to schedule the RAR transmission. Consider the transmission target of coverage enhanced in Rel.13 MTC UE, higher aggregation level for (E)PDCCH should be utilized, which may be desirable in term of substantial control overhead for MTC UEs with reduced bandwidth of 1.4MHz. Furthermore, this option needs much more standard effort, such as (E)PDCCH CSS design and related DCI format design.
Based on the above analysis, control-less RAR transmission is more and more attractive in some aspects with little standard effort, so if (E)PDCCH is entirely removed, some aspects need to be taken into account.
Resource block assignment
Resource block assignment for RAR in legacy (E)PDCCH is indicated by DCI format 1A or 1C. With control-less transmission, the resource assignment can be known by UE in a fixed or predefined way, the RAR transmission frequency location could be derived from the PRACH preamble sequence selected by the UE. For simplicity, the RAR frequency location is the same as PRACH preamble sequence accordingly. 
MCS/TBS/RV
Without EPDCCH indication, the MTC UEs can be aware of the MCS/TBS/RV by specification assistance. The fixed QPSK modulation order can be retained. TBS for RAR will consequently vary within a small range. A predefined subset of the existing value in the TBS determination table for blind detection would not largely increase the decoding complexity and degrade the decoding performance significantly. The redundancy versions for RAR can be set to a fixed value 0 or determined by simple order.
RAR windows
In LTE, RAR window is used for UE monitoring a PDCCH with associated RA-RNTI, upon detection of which the corresponding PDSCH for RAR message can be decoded. The size of RAR window is range from 0 and 10 in the unit of subframe. However, for the low complexity MTC UEs in normal and enhanced coverage, the occurrence of the subframe carrying RAR can be fixed instead of a time window for monitoring. In this way, Rel13 MTC UE can avoid unnecessary blind detection with less active time for monitoring RAR messages.
RAR UE multiplexing and RA-RNTI identification
In current LTE systems, the MAC PDU is containing RAR message. Each response contains a MAC RAR is of size 48 bits and MAC subheader of size 8 bits. It is more efficient to send multiple RAR records in one MAC RAR PDU rather than send each RAR record individually due to the Turbo coding gain with larger packet sizes as well as from the reduction in CRC overhead.
However, if Rel-13 low complexity MTC UEs in coverage enhanced mode with different repetition levels RAR is multiplexed in one MAC RAR PDU, repetition times for RAR transmission should be determined according to the highest repetition level. For the UEs in lower repetition level, it may cause serious RAR resource waste.
In order to separate the normal UE and coverage enhancement MTC UE with different repetition levels, the RA-RNIT should be modified as follow as an example:
RA-RNTI = 1+ t_id+10*k_id               [FDD]

RA-RNTI = 1+ t_id+10*f_id+60*k_id  [TDD]

where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6). k_id is the repetition level index for example achieved from PRACH procedure. The new RA-RNTI is defined to allow the MTC UEs in enhanced coverage mode to access the separate PDSCH resources with the normal UE.
If multiple RACH users can be multiplexed into one RAR message, the TB size for one RAR message is variable depending on the number of multiplexed MAC RARs. For the control-less RAR transmission, blind detection of a variable TB size may significantly increase the complexity at UE side. Therefore, the number of TB sizes for RAR message transmission can be limited to a few options, which means to impose some restriction to the MAC RAR PDU TB size, which determines the available multiplexed UE number. If the multiplexed RARs TB size is smaller than the selected option TB size, zeros padding should be needed as shown in Figure 2. In this simple way, UE could blindly detect some option TB size with complex reduction.
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Figure 2 Zero padding for matching the option TB size illustration

Repetition parameters

Repetition is the main technique for enhancing coverage. The number of repetitions for the RAR message can be derived from the PRACH repetition level assuming that the mapping between them is either fixed or broadcasted as system information, for example, the mapping relationship is indicated by the signaling of M-SIB1.
4 Paging
In the previous section, (E)PDCCH control-less RAR transmission is discussed. Similar to the RAR transmission, control-less paging transmission is more and more discussed. 
Besides the above RAR transmission problems and solution, some more issues should be considered for control-less paging transmission for Rel-13 MTC, for example, For RAR the payload for a response to a single UE is fixed, but the number of bits in a paging request for a single UE can vary leading to a transport block size range of 25 to 61 bits. With only a small set of valid transport block sizes available in this range, rely on blind PDSCH MCS, the page message could be blindly detected.

For Rel-13 low complexity UEs in coverage enhanced mode, eNB can estimate the repetition level of paging message in terms of measurement based on UL reference signal or feedback from UEs in connected state. But in idle state, although eNB can use the history repetition level of paging message stored by MME/eNB or always transmitted in terms of maximum repetition level, the UE even may be able to do early termination in its decoding attempt if it can make an estimate of the downlink quality that is indicative of the number of required repetitions for successful reception of the paging request message.
5 Conclusion

In this contribution, we consider SIB/RAR/Paging and make the following proposal:
· (E)PDCCH-less SIB transmission (M-SIB1 schedules the other M-SIB(s) transmission) may be feasible.
· (E)PDCCH-less RAR/Paging may be promising with some imposing restrictions in the specification.
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