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1 Introduction

A WID for the operating objectives of MTC UEs in Rel-13 was approved in [1]. This contribution considers design aspects for UE-common signaling including SIB, RAR, and paging. 

2 UE-Common Signaling
UE-common signaling for MTC UEs in Rel-13 needs to be reconsidered primarily due to the operation in a bandwidth that is smaller than the system bandwidth but also due to the possibility to use EPDCCH, instead of PDCCH, to perform scheduling. 
EPDCCH currently lacks support of CSS as during the Rel-11 design PDCCH was also assumed available (at least in non-ABS SFs) and could be used to schedule transmissions of SIB, RAR, or paging. However, if EPDCCH is to be used for Rel-13 MTC UEs, relying on CSS support by PDCCH is not possible. Nevertheless, introduction of CSS support by EPDCCH is rather trivial as practically all necessary tools already exist. For example, Rel-11 can support distributed EPDCCH transmissions (e.g. for UE-common or UE-specific scheduling) in a set of 2 RBs and localized EPDCCH transmissions (e.g. for UE-specific scheduling) can be multiplexed with distributed EPDCCH in the same set of RBs. As for a Rel-11 UE, a Rel-13 MTC UE can be configured to decode either or both of distributed EPDCCH and localized EPDCCH.

If PDCCH is used for scheduling of Rel-13 MTC UEs, such as for example in a 1.4 MHz system bandwidth, UE-common signaling can be scheduled as in Rel-8.

Observation 1: SIB, RAR, and paging messages can be scheduled to Rel-13 MTC UEs as for Rel-12 UEs using respective DCI formats having CRC scrambled with SI-RNTI, RA-RNTI, and P-RNTI. For scheduling of Rel-13 MTC UEs by EPDCCH, CSS support can be introduced based on the existing EPDCCH design.
Another issue is the transmission of UE-common signaling in a reduced bandwidth of 6 RBs. Relying on UE-common signaling for Rel-12 UEs to be scheduled in the same reduced bandwidth is counter-productive, due to worse BLER and as coverage enhancements for UE-common control signaling are not supported. Moreover, Rel-13 MTC UEs would effectively constitute a different sub-system operating somewhat independently in a part of the system bandwidth than other UEs and the UE-common signaling cannot be assumed to be same. Therefore, separate UE-common control signaling would be beneficial for Rel-13 MTC UEs than for other UEs. 
Another related issue is the coverage degradation as in addition to losing Rx diversity, Rel-13 MTC UEs will also substantially lose frequency diversity particularly if they experience a frequency non-selective channel such as the EPA channel. In [2, 3], it is shown that coverage for UE-common signaling is a concern particularly in frequency non-selective channels. However, as discussed in [4], the (E)PDCCH coverage is a significantly larger problem in such cases unless dynamic scheduling is not supported for Rel-13 MTC UEs (either for UE-common signaling or for UE-specific signaling). 
One approach to avoid such coverage issues for interference-limited UEs is to apply FDM-ICIC in order to avoid existence of UEs with very low SINR. For example, neighboring cells may not schedule cell edge UEs in one or more groups of 6 RBs used by a reference cell to serve Rel-13 MTC UEs. Such scheduling restriction may not apply in all subframes but can be limited only to subframes 0, 4, 5, and 9 for FDD or to subframes 0, 1, 5, and 6 for TDD or even only to subframes 0 and 5. FDM-ICIC can significantly increase the SINR of cell-edge UEs and enable scheduling and transmission of UE-common signaling or, in general, of any signaling type to low SINR UEs.  

Another approach is to consider UEs experiencing SINR below a certain value due to interference as being coverage limited and treat them in the same manner as UEs that are coverage limited due to path-loss (noise-limited). For noise-limited Rel-13 MTC UEs (i.e. UEs that experience a large path-loss), repetitions for both UE-common signaling and for UE-specific signaling are necessary. The overall system acquisition time needs to anyway be relaxed as detection for any type of DL signaling or UL signaling is subject to either a longer reception time interval or to repetitions. (E)PDCCH-less transmissions for UE-common signaling may be considered especially for coverage limited UEs. 
Observation 2: Coverage limitations for SIB, RAR, and paging messages can be avoided either by FDM-ICIC or by treating interference-limited Rel-13 MTC UEs as coverage limited. 
Another issue is the transmission bandwidth of the SIB for Rel-13 MTC UEs. If the SIB is scheduled in the middle 6 RBs of the DL system bandwidth, a single SIB can provide information to all Rel-13 MTC UEs that are configured for operation in different groups of 6 RBs as a single group of 6 RBs cannot be always assumed to be able to accommodate all Rel-13 MTC UEs connected to an eNB. It would also be possible for a Rel-13 MTC UE to detect the SIB immediately after the PBCH detection and establish RRC connection with the eNB prior to being reconfigured operation in a group of 6 RBs other than the middle 6 RBs of the DL system bandwidth. However, a single SIB may need to include more contents than separate SIBs, at least for parameters that may not be common to Rel-13 MTC UE operation in different groups of 6 RBs. It needs to also be determined whether 2216 bits for each UE-common signaling message are sufficient or even if they can be further reduced. Also, for Rel-13 MTC UEs with RRC connection, if the SIB is scheduled by (E)PDCCH, such scheduling can occur one subframe earlier than the transmission of the SIB in order for the UE to adjust the reception bandwidth (legacy PDCCH does not need to (and cannot) be received at the beginning of the subframe that includes the SIB).

Observation 3: Further discussion is needed for the location of the SIB transmission bandwidth and for how a Rel-13 MTC UE establishes initial RRC connection. 

3 Conclusions

This contribution considered aspects related to UE-common signaling for Rel-13 MTC UEs. In particular, the following observations are made.
Observation 1: SIB, RAR, and paging messages can be scheduled to Rel-13 MTC UEs as for Rel-12 UEs using respective DCI formats having CRC scrambled with SI-RNTI, RA-RNTI, and P-RNTI. For scheduling of Rel-13 MTC UEs by EPDCCH, CSS support can be introduced based on the existing EPDCCH design.
Observation 2: Coverage limitations for SIB, RAR, and paging messages can be avoided either by FDM-ICIC or by treating interference-limited Rel-13 MTC UEs as coverage limited. 

Observation 3: Further discussion is needed for the location of the SIB transmission bandwidth and for how a Rel-13 MTC UE establishes initial RRC connection. 
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