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1 Introduction

During RAN #65 meeting, “New WI proposal: Further LTE Physical Layer Enhancements for MTC” [1] was approved. The objectives of this work item include: 
· 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 supporting the following additional capabilities: 
· 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 following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this: 
· New physical channel formats with repetition for SIB/RAR/Paging 
· A new SIB for bandwidth reduced and/or coverage enhanced UEs 
· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs. 
In this contribution, MTC enhancement solutions related to common control messages (i.e., SIB, RAR and Paging) are discussed. 
2 Discussions on solutions for common messages
2.1 Determination of narrow band location
In the summary of email discussion [2] after RAN1#76 meeting, PDSCH PRB location (i.e., narrow band location) options for low cost UEs not in coverage enhancement were discussed for common channels. These options may not be applicable for MTC enhancement in Rel-13 due to reduced RF bandwidth of 1.4MHz supported by the MTC UEs.  PDCCH can’t be used to schedule common messages for the reduced bandwidth UEs. In order to minimize the specification impact, EPDCCH-less scheduling of common messages can be considered ([3]). 
In order to support multiple common message transmissions with maximal or relatively large TBS within the same subframe, different narrow band locations can be defined for SIBs, RAR and Paging.  There are three potential narrow band location options for common control messages for Rel-13 MTC UEs as follows: 
Option-1: Fixed narrowband location(s) is specified for SIB(s), RAR and/or Paging. 
Minimal specification impact is expected. But both network operation and scheduler flexibility will be severely restricted. In order to avoid/alleviate interference between neighboring cells, different/neighboring cells having different fixed narrow band locations determined by cell ID may be considered. Potential specification work may include definition of fixed narrow band locations (i.e., 6 PRBs’ band). 
Option-2: Narrow band location(s) is pre-defined in the standard for SIB(s), RAR and/or Paging. 
If narrow band locations are changed in a pre-defined pattern, in order to avoid interference between neighboring cells, different pre-defined narrow band locations which are determined by some parameters (e.g. Cell ID and subframe index, etc) for different/neighboring cells can be considered. Besides, eNB scheduler may make use of time domain selective scheduling to acquire the required scheduling flexibility. Additional specification work, e.g., definition of narrow band location pattern is expected. 
Option-3: Narrow band location(s) is indicated via semi-static signaling(s) for SIB(s), RAR(Msg2) and/or Paging. For example, narrow band location of SIB(s) transmission is indicated by MIB, narrow band location of  RAR transmission is indicated by MIB or SIB, and narrow band location of Paging transmission is indicated by SIB or a RRC message. 
Both network operation and scheduler flexibility will be partially restricted. The performance of common channels would have small degradation due to the loss in frequency selective scheduling gain. Higher/physical layer signalling may be needed to inform the MTC UEs the narrow band locations. Specifically, MIB can be used to indicate narrow band locations of common channels, but using spare bits in MIB may be not preferred at this stage even though this method is simplest. SIBs can also be used to indicate narrow band locations of common channels for RAR and Paging, but using SIBs may have some impact on legacy UEs if SIBs are shared by MTC UEs and legacy UEs. 
Proposal 1: Further studied is needed to decide the narrow band location for common control message of MTC UEs in Rel-13. 
2.2 Re-use legacy SIBs vs. new SIB
In RAN1 #74bis meeting, RAN1 evaluated alternatives on the SIB coverage enhancement design ([4]): 
Alt 1: Re-use legacy SIBs at least for SIB1/2/14 
· Alt 1a: Aggregation within SIB modification period w/o additional repetition

Scheduling flexibility of legacy SIBs transmission would be restricted, e.g., keep the same frequency allocation/MCS/ for each SIBs transmission. An extended pre-defined accumulation period may be considered. e.g., set “modification period” to a larger value. 
· Alt 1b: Aggregation with additional SIB repetition(s) 

Scheduling flexibility of legacy SIBs transmission would be restricted, e.g., keep the same frequency allocation/MCS/ for each SIBs transmission. Additional resources are used to enhance legacy SIBs transmission with repetition of SIBs. PDCCH repetition is required if SIBs is scheduled by PDCCH.FFS whether aggregation should be done only among the new addition SIBs.
· FFS whether additional content or SIB is needed for coverage enhancement UEs. 
Alt 2: new SIB for MTC coverage improvement 
All necessary system information for initial access of MTC UEs (e.g., necessary contents carried in SIB1/2/14) may be merged into the new SIB. The new SIB may be indicated by corresponding PDCCH or MIB or transmitted on predefined resources without any PDCCH indication. The benefit of Alt2 compared to Alt1 would depend on how much reduction can be achieved in terms of payload sizes, latency and/or the number of SIBs to be enhanced. 
In RAN2 #85 meeting, the following agreements are provided [5]: 
No need to introduce a new SIB unless we identify a SIB of which UEs in extended coverage mode would only need a small subset of the contained IEs. So far, no such SIB was identified. 

With alternative 1a the UE either needs multiple soft buffers in order to store the soft values of the interleaved SI messages or it needs to read different SI messages subsequently, i.e., possibly in subsequent SIB modification periods. 

Alt 1a seems to be a simple solution but it needs to be shown that the anticipated coverage can be achieved with SIB parameters that work also for a legacy network configuration without consuming too many resources and without causing excessive latency for legacy UEs. 
According to the above evaluation results and agreements, re-using legacy SIBs and new MTC SIB design are the two different ways to improve coverage performance of system information for MTC UEs, but the method of re-using legacy SIBs should be considered as high priority. 
Coverage enhancement solution based on legacy SIBs (Alt 1) has small specification impact and better backward compatibility. But in order to support combining reception of SIB(s) for MTC UEs in coverage enhanced mode, the scheduling flexibility of legacy SIB transmission and corresponding additional repetitions would be restricted. Additional buffers are required to store the previous SIB(s) transmission before successful decoding. Further, additional repetitions have negative impact on power consumption. For SIB coverage enhancement based on legacy SIBs, control-less scheduling of common control messages (refer to [3]) can improve the system efficiency, but UE processing complexity would be increased due to blind detection. 
New MTC SIB design (Alt 2) may bring relatively large specification impact and additional system control overhead compared to Alt 1. Compared to Alt 1, less negative impact on scheduling flexibility of legacy SIB(s) would be expected for Alt 2. By reducing active SIB transmit/receive duration to a minimum and decreasing receiver processing complexity, Alt 2 may reduce the power consumption of the MTC UEs.
Proposal 2: Decide whether to reuse legacy SIBs or introduce new MTC SIB(s) for MTC UEs with coverage improvement requirement in Rel-13. 
2.3 Concepts on Paging
Discontinuous reception for paging is defined in [6]. Before introducing any new paging process, it is recommended to evaluate whether the current discontinuous reception for paging is applicable for MTC UEs requiring coverage improvement or not. Discontinuous reception for paging depends on paging frame (PF) and paging occasion (PO) calculated with the corresponding equations in [6]. 
Currently, RAN1 and RAN2 have not discussed the optimization of paging for MTC UEs in coverage enhanced mode.  But the main principle should be to guarantee sufficient time interval for repetitions between two consecutive new Paging messages. If implementation related solutions based on the existing paging process can be used to achieve the coverage improvement target, new paging process should not be introduced. 
Proposal 3: RAN1 and RAN2 should jointly discuss whether the existing discontinuous reception for paging can be reused for MTC UEs in coverage enhanced mode.
3 Conclusions

In this contribution, we have discussed the technical solutions related to MTC enhancement design of common control messages (i.e., SIB, RAR and Paging). The following proposals are provided: 
Proposal 1: Further studied is needed to decide the narrow band location for common control message of MTC UEs in Rel-13. 
Proposal 2: Decide whether to reuse legacy SIBs or introduce new MTC SIB(s) for MTC UEs with coverage improvement requirement in Rel-13. 
Proposal 3: RAN1 and RAN2 should jointly discuss whether the existing discontinuous reception for paging can be reused for MTC UEs in coverage enhanced mode.
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