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1 Introduction

According to LTE Rel-13 work item on further physical layer enhancements for MTC [1], the following scope has been defined for discussions and decisions:
· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type;
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage.
· The agreements and working assumptions made during the initial work carried out during the corresponding Rel-12 work item should be used as a starting point when applicable.
In this contribution, we share our views on the enhancement of SIB/RAR/paging channels for MTC device with reduced bandwidth and enhanced coverage in LTE systems.  
2 Discussion on Enhancement for Reduced Bandwidth
According to the WID description in [1], one of the promising features for Rel-13 low complexity UE category/type is to allow the reduced UE bandwidth of 1.4 MHz in both downlink and uplink, which would further reduce the cost and complexity in relative to Cat.0 UE. When operating in the reduced bandwidth of 1.4MHz, certain design changes may be needed for various physical channels.

General consideration 

To avoid the collision with wideband control channel and minimize the impact on the legacy LTE system, it is appropriate to allocate MTC resource after the legacy control region for MTC UEs with reduced bandwidth. In general, two options can be considered for the resource allocation of the transmission of common control channels for MTC UEs with reduced bandwidth. 

According to the first option, dynamic scheduling can be employed as in the existing LTE specifications. As mentioned in our companion contribution [2], either modified PDCCH or EPDCCH with common search space can be utilized to schedule the transmission of SIB/RAR/paging channels. Given that the transmission of common control channels targets cell-edge UEs as well, higher aggregation level, e.g., 8 CCEs (288 REs) is likely used for the (E)PDCCH transmission. In this case, at least 5 OFDM symbols for the modified PDCCH or 3 PRBs for EPDCCH with common search space are needed within allocated MTC resource, which may not be desirable in term of substantial control overhead for MTC UEs with reduced bandwidth of 1.4MHz. 

To address this issue, an alternative option is to allow (E)PDCCH-less operation for the transmission of SIB/RAR/Paging channels. In this regard, considerable control overhead for scheduling the transmission of common control channels can be minimized. This would also help to reduce the power consumption for MTC UEs with reduced bandwidth by skipping the (E)PDCCH decoding. Note that the resource allocation and MCS of the common channels can be predefined or configured by higher layer. 

Proposal 1:

· (E)PDCCH-less operation for the transmission of SIB/RAR/paging channel may be beneficial for MTC UEs with reduced bandwidth. 

Minimum required PRBs
Similar to the coverage enhancement for SIB transmission, two options can be considered for the SIB design for MTC UEs with reduced bandwidth: 1) one option is to reuse the existing SIB, which indicates that the maximum TBS for SIB transmission is 2216 bits; 2) Alternative approach is to design a new SIB which contains all the necessary information for MTC UEs with reduced network to access the network. In this case, the maximum TBS for SIB transmission can be larger than 2216 bits. 
When the existing SIB is reused for MTC UEs with reduced bandwidth, in order to support the maximum TBS size of 2216 bits for common control channels, the number of required PRBs can be determined according to the required SNRs, the number of legacy PDCCH symbols and the control overhead within allocated MTC resource if applicable. 
In the extreme case, when the effective coding rate is higher than 0.930, UE will skip decoding a transport block in an initial transmission [3]. Given that QPSK is used for the modulation of common control channels, Table 1 summarizes the number of required PRBs for the transmission of common control channels when the effective coding rate is 0.5 and 0.93, respectively. In the table, number of transmit antenna ports is assumed as 2 and number of legacy PDCCH symbols is assumed as 3. Further, both dynamic scheduling with modified PDCCH and (E)PDCCH-less operation (i.e., number of modified PDCCH symbols is 0) are considered. In the latter case, all the resources in the legacy data region are allocated for the transmission of common control channel. 

Table 1. Number of required PRBs with 2216 bit TBS

	TBS (bits)
	2216

	Effective coding rate 
	0.93
	0.5

	Number of encoded bits
	2409
	4480

	Number of modified PDCCH symbols within allocated MTC resource
	0
	3
	5
	0
	3
	5

	Number of available REs in 1 PRB
	120
	88
	68
	120
	88
	68

	Number of required PRBs
	11
	 14
	18 
	19
	26
	33


According to the Table 1, it can be observed that with dynamic scheduling, large number of required PRBs is needed for the transmission of SIB/RAR/paging channels with 2216 bit TBS. For instance, when the number of modified PDCCH symbols within allocated MTC resource is 5, 33 PRBs are needed to achieve the effective coding rate of 0.5, which is corresponding to ~10dB SNR [4]. This indicates that dynamic scheduling for the transmission of common control channel may not be appropriate in term of spectrum efficiency. 

From Table 1, it can be also observed that even for (E)PDCCH-less operation, at least 19 PRBs are needed to achieve the effective coding rate of 0.5 for the transmission of SIB/RAR/paging channels with 2216 bit TBS. To ensure that cell-edge UEs can receive the common control messages with high probability of success, it may be desirable to repeat the transmission across multiple subframes. In particular, incremental redundancy (IR) can be supported for repeated transmission with a predefined or configured redundancy version (RV) patterns. 

Observation 1

· For 2216 bit TBS, when the number of modified PDCCH symbols within allocated MTC resource is 5, 33 PRBs are needed to achieve the effective coding rate of 0.5.
· For (E)PDCCH-less operation, at least 19 PRBs are needed to achieve the effective coding rate of 0.5.

Proposal 2

· To ensure that cell-edge UEs can receive the common control messages with high probability of success, it may be desirable to repeat the transmission of common control channels across multiple subframes.

3 Discussion on Coverage Enhancement 

Coverage enhancement for SIB
According to the possible observation in the RAN1#74bis meeting [5], several design options can be considered towards the target of improving the coverage on SIB transmission. One potential solution is to reuse the existing SIB transmission mechanism and MTC UEs in enhanced coverage mode can perform combining over multiple transmission instances within SIB modification period to accumulate the energy. While the specification impact is limited for this option, this would increase the access latency for MTC UEs in enhanced coverage mode. Another approach is to design a new SIB which contains all the necessary information for MTC devices to access the network. This approach may achieve a reduced size for SIB transmission, however it may not be beneficial in terms of specification impact. In general, RAN1 WG should carefully study the design of SIB coverage enhancement with the consideration of specification impact, implementation cost and access latency.
Based on our simulation results [6], ~40-80 repetitions are needed to meet the PDCCH coverage enhancement target. Given that SIB transmission would target for MTC UEs with worst coverage enhancement target, it may not be feasible to utilize PDCCH to schedule the SIB transmission for MTC UEs in enhanced coverage mode, especially when considering the 20ms as the time between two consecutive SIB1 transmissions. Similar to the (E)PDCCH-less operation for SIB transmission for MTC UEs with reduced bandwidth, the information regarding the resource allocation and MCS for SIB transmission can be predefined or configured by higher layer for MTC UEs in enhanced coverage mode. This may also enable the design solutions with a high level of commonality between reduced bandwidth and enhanced coverage for the SIB transmission. 

Proposal 3:

· RAN1 WG should carefully study the design of SIB coverage enhancement with the consideration of specification impact, implementation cost and access latency. 
· PDCCH-less operation would be preferable for the SIB transmission for MTC UEs in enhanced coverage mode.

Coverage enhancement for RAR
According to the agreement in the RAN1#75 meeting [7], PRACH resources for MTC UEs in normal and enhanced coverage modes can be multiplexed using TDM and FDM by allocating different time/frequency resource region(s). For CDM based multiplexing scheme, different code indices need to be configured between MTC UEs in normal and enhanced coverage mode when the same time/frequency resources are configured.

With respect to the resource allocation for RAR transmission, dynamic scheduling or predefined resource mapping mechanism may be applied for MTC UEs in enhanced coverage mode. For dynamic scheduling, when CDM based resource allocation is adopted, additional 64 PRACH preamble sequences may be needed for MTC UEs in enhanced coverage mode and consequently, the overall PRACH code space is increased from 64 to 128. To accommodate the increased PRACH sequences, potential design changes need to be carefully studied for dynamic scheduling with the considerations of backward compatibility. One potential approach is to increase the RAPID field in the MAC subheader or modify the RAR content. This approach, however, may not be backward compatible due to the fact that the legacy UEs may not understand the RAPID or RAR content and hence may be blocked from access. To address this issue, a new RA-RNTI may be defined to allow the MTC UEs in enhanced coverage mode to access the separate PDSCH resources. In this regard, the RAPID and RAR content would remain the same to ensure backward compatibility.
Current RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted is computed as:

RA-RNTI = 1 + t_id + 10*f_id

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). Based on the analysis above, a new RA-RNTI may be defined as:

RA-RNTI = 1 + t_id + 10*f_id + M*r_id

where r_id can be the indication for enhanced coverage mode or the parameter for the repetition level index. Note that the range of f_id with 0~5 can be appropriately modified so as to keep the current range of RA-RNTI (i.e. 60).
Proposal 4:
· When dynamic scheduling is applied for resource allocation for RAR transmission, certain mechanism needs to be defined in order to distinguish the repetition level in RAR, e.g. RA-RNTI value contains the indication for enhanced coverage mode or the parameter for repetition level index.
Similar to SIB transmission, given that large number of repetitions is required for PDCCH transmission for MTC UEs in enhanced coverage modes, predefined frequency allocation for PDSCH during initial access may be beneficial to reduce the initial access latency by skipping PDCCH decoding. Note that in order to maintain the backward compatibility for legacy UEs, dedicated PDSCH resources may be predefined and configured appropriately for MTC UEs in enhanced coverage modes for RAR transmissions. In addition, a fixed timing relationship between PRACH transmission and RAR as well as transport format for PDSCH transmission should be further studied by taking into account the eNB processing complexity and PDSCH coverage enhancement target.
Proposal 5:

· PDCCH-less operation would be preferable for the RAR transmission during initial access for MTC UEs in enhanced coverage mode in order to reduce the access latency. 

· Dedicated PDSCH resource for MTC UEs in enhanced coverage mode, a fixed timing relationship between PRACH transmission and RAR as well as transport format for PDSCH transmission should be further studied by taking into account the eNB processing complexity and PDSCH coverage enhancement target.

Various options may be considered with regard to the repetition level indication for RAR transmission for MTC UEs in enhanced coverage mode. One potential solution is to employ the dynamic scheduling, i.e., repetition levels for RAR (PDSCH) transmission and Msg3 (PUSCH) transmission may be explicitly signalled by PDCCH. For this approach, a new DCI field regarding PDSCH repetition level and a new field in uplink resource grant regarding PUSCH repetition level may need to be defined and specified, which would lead to substantial specification effort. To minimize the specification impact, an alternative solution is to indicate the repetition levels associated with Msg2/3 transmission in a predefined manner. More specifically, the repetition levels for PDCCH/PDSCH/PUSCH transmission may be derived according to the predefined or broadcasted mapping rule from coverage extension status indicated by PRACH transmission. For instance, with the predefined rule, the repetition level for each Msg is derived from the repetition level of or as indicated in the previous Msg.

Proposal 6:
· In order to minimize the specification impact, repetition levels for RAR transmissions during initial random access may be derived according to the predefined or broadcasted mapping rule from coverage extension status indicated by PRACH transmission.
Coverage enhancement for paging
Similar to the RAR transmission, either dynamic scheduling or (E)PDCCH-less operation can be considered for the coverage enhancement on paging channels. In the case when dynamic scheduling is applied, additional P-RNTI may be desirable to distinguish the traffic between the legacy UEs and MTC UEs in enhanced coverage mode, which would help to minimize the impact on the legacy system. To further reduce the power consumption for MTC UEs, a longer paging cycle may be introduced to allow MTC devices to wake up less frequently when monitoring the paging instants.
Proposal 7:
· When dynamic scheduling is applied for paging transmission, additional P-RNTI may be desirable to distinguish the traffic between the legacy UEs and MTC UEs in enhanced coverage modes. 
4 Conclusions

In this contribution, we provided our views on the enhancement of SIB/RAR/paging channels for MTC device with reduced bandwidth and enhanced coverage in LTE systems. Based on the discussion presented, we summarize our views through the following proposals and observations:
Observation 1

· For 2216 bit TBS, when the number of modified PDCCH symbols within allocated MTC resource is 5, 33 PRBs are needed to achieve the effective coding rate of 0.5.
· For (E)PDCCH-less operation, at least 19 PRBs are needed to achieve the effective coding rate of 0.5.

Proposal 1:

· (E)PDCCH-less operation for the transmission of SIB/RAR/paging channel may be beneficial for MTC UEs with reduced bandwidth. 

Proposal 2

· To ensure that cell-edge UEs can receive the common control messages with high probability of success, it may be desirable to repeat the transmission of common control channels across multiple subframes.

Proposal 3:

· RAN1 WG should carefully study the design of SIB coverage enhancement with the consideration of specification impact, implementation cost and access latency. 
· PDCCH-less operation would be preferable for the SIB transmission for MTC UEs in enhanced coverage mode.

Proposal 4:
· When dynamic scheduling is applied for resource allocation for RAR transmission, certain mechanism needs to be defined in order to distinguish the repetition level in RAR, e.g. RA-RNTI value contains the indication for enhanced coverage mode or the parameter for repetition level index.
Proposal 5:

· PDCCH-less operation would be preferable for the RAR transmission during initial access for MTC UEs in enhanced coverage mode in order to reduce the access latency. 

· Dedicated PDSCH resource for MTC UEs in enhanced coverage mode, a fixed timing relationship between PRACH transmission and RAR as well as transport format for PDSCH transmission should be further studied by taking into account the eNB processing complexity and PDSCH coverage enhancement target.

Proposal 6:
· In order to minimize the specification impact, repetition levels for RAR transmissions during initial random access may be derived according to the predefined or broadcasted mapping rule from coverage extension status indicated by PRACH transmission.
Proposal 7:
· When dynamic scheduling is applied for paging transmission, additional P-RNTI may be desirable to distinguish the traffic between the legacy UEs and MTC UEs in enhanced coverage modes. 
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