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1. Introduction

From RAN1#76 meeting, an email discussion has proceeded on scheduling method to support low-cost MTC UE for common data and unicast data in terms of the reduced DL data reception BW [1]. Potential scheduling options for each of common data and unicast data are summarized as the followings. 
Common data scheduling
· Option C1: PDSCH within the entire bandwidth scheduled by PDCCH in the same sub-frame (At least, one sub-option below should be selected)

· C1.1 Keep the same number of blind decoding trials 

· C1.2 Reduce PDCCH blind decoding trials

· Option C2: PDSCH PRB location(s) within a limited number semi-static or predefined PRBs, with PDCCH within same subframe to indicate exact resource allocation (At least, one sub-option in each category below should be selected) 
· SIB1 Options

·  C2.1.1 SIB1 PRB’s location is indicated within MIB

·  C2.1.2 The UE assumes PRB locations based on the previous DCI to assign the previous SIB1

·  C2.1.3 PRB location is pre-define in the standard

· SIBs (excluding SIB1) Options

·  C2.2.1 PRB location is indicated within SIB1

·  C2.2.2 The UE assumes PRB locations based on the previous DCI to assign the SIB within the same or a previous SI-window.

·  C2.2.3 PRB location is pre-define in the standard

·  C2.2.4. PRB’s location is indicated within MIB

· RAR(Msg2) Options

·  C2.3.1 PRB location is indicated within a SIB

·  C2.3.2 PRB location is pre-define in the standard

·  C2.3.3 PRB’s location is indicated within MIB

· Paging Options

·  C2.4.1 PRB location is indicated within a SIB

·  C2.4.2 The UE assumes PRB locations based on the previous DCI to assign the previous page

·  C2.4.3 PRB location is pre-define in the standard

·  C2.4.4 PRB location is RRC configured

· Option C3: PDSCH within the entire bandwidth scheduled by PDCCH (At least, one sub-option below should be selected)

· C3.1 PDCCH is in the previous sub-frame with a method to avoid impact to legacy UE such as using new cell common RNTI, a new DCI with different payload size, when sharing PDSCH with normal UE.

· C3.2 PDSCH is in the sub-frame following PDCCH when sharing PDCCH with normal UEs.

· Option C4: The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band

Unicast data scheduling
· Option U1: PDSCH within the entire bandwidth scheduled by (e)PDCCH in the same subframe (At least one sub-option in each category below is should be selected)

· Blind Decoding

·  U1.1 Keep the same number of blind decoding trials 

·  U1.2 Reduce PDCCH blind decoding trials

· Scheduling Channel

·  U1.3 Using PDCCH 

·  U1.4 Using ePDCCH

· Option U2: PDSCH location(s) within a limited number of semi-static PRBs, with (E)PDCCH within same subframe to indicate exact resource allocation (At least one sub-option below is required to be implemented for low cost UE)

· U2.1 RAR(Msg2) assigns the semi-static PRB location for the LC UE 

· U2.2 Msg4 assigns the semi-static PRB location, and PRBs for Msg4 are pre-defined or configured 

· U2.3 A RRC message later than Msg4 assigns semi-static PRB location, and PRBs for PDSCH before and including the RRC message are pre-defined or configured

· U2.4 SIB broadcasts indication(s) of one or more than one set of semi-static PRB location(s). If more than one set, a specification rule links each UE to one set of semi-static PRB locations, e.g. according to a UE identity.

· U2.5 Specifications define one or more than one set of semi-static PRB location(s). If more than one set, a specification rule links each UE to one set of semi-static PRB locations, e.g. according to a UE identity.

· Option U3: (E)PDCCH cross subframe scheduling using C-RNTI

· Option U4: The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band.
In this contribution, we provide our view on scheduling methods for supporting low-cost MTC UEs with reduced DL data BW based on above, and also address some related issues on the low-cost MTC support.
2. Scheduling methods for common/unicast data
Before discussing on scheduling options on the table, main motivation and objective to make this WI (that is, for provision of low-cost UE type targeting MTC applications demanding large number of MTC devices) should be reminded. Introduction of any new feature or technique may go with some impacts on specification, eNB flexibility, and spectral efficiency. Once we agreed to include DL BW reduction in this WI scope based on cost saving gain by reducing data buffer size from analysis in SI phase, it is needed to keep the original WID in [2] unless introducing the feature or method to support it is expected to cause critical problem from network operation perspective or in aspect of specification work. 
█ Common data scheduling
Regarding Option C1 (i.e. same-subframe scheduling without reception PRB pre-allocation) first, BW reduction for DL data reception would be completely dependent upon UE implementation even with reduction of PDCCH blind decoding trials. In other words, cost saving from DL BW reduction might not be guaranteed for all the low-cost UEs since reduction of DL post-FFT buffer size would be likely to be purely implementation-specific. 
In case of Option C3 (i.e. cross-subframe scheduling), considering common data scheduling with this method, additional overhead would be required regardless whether common RNTI is separately defined or not between low-cost UEs and normal UEs. In case with separate RNTI, additional PDCCH/PDSCH transmission dedicated for low-cost UEs is required on top of that for normal UEs. In case with same RNTI, additional PDCCH only for low-cost UEs is required and this is to be properly transmitted considering scheduling timing of common data for normal UEs. From overhead and specification impact perspective, this option is not favourable.
In case of Option C4 (i.e. defining MTC-dedicated band in system BW), large specification impact is expected in terms of DL signal structure (e.g. PSS/SSS/CRS), initial access procedure (e.g. PBCH/SIB), and MTC band configuration while it would be beneficial in aspect of cost saving by reducing DL BW for both control and data reception. 
Based on the observations above and considering both cost saving with reduced BW and multiplexing with normal UEs, Option C2 (i.e. same-subframe scheduling with reception PRB pre-allocation) is preferable for scheduling of common data. Among the sub-options for each of common data, the followings are preferred by taking eNB scheduling flexibility into account. 
· SIB1 

·  C2.1.2 The UE assumes PRB locations based on the previous DCI to assign the previous SIB1

· SIBs (excluding SIB1) 

·  C2.2.1 PRB location is indicated within SIB1

· RAR(Msg2) 

·  C2.3.1 PRB location is indicated within a SIB

· Paging 

·  C2.4.1 PRB location is indicated within a SIB

Proposal 1: Option C2 is preferable for common data scheduling on low-cost UE by considering both 

cost saving with reduced DW and multiplexing with normal UEs. 
█ Unicast data scheduling
First of all, Options U1 (i.e. same-subframe scheduling without reception PRB pre-allocation) and U4 (i.e. defining MTC-dedicated band in system BW) are not desirable to support unicast data scheduling due to the same reason with common data scheduling case above. 
On the other hand, both of Options U2 (i.e. same-subframe scheduling with reception PRB pre-allocation) and U3 (i.e. cross-subframe scheduling) can be applicable for scheduling of unicast data in aspects of cost saving and specification. Comparing these two options, Option U3 could provide more (full) flexibility in eNB scheduling than Option U2 while some modification in terms of PDCCH-to-PDSCH timing relationship and PUCCH resource for HARQ-ACK feedback may be necessary. With proper scheduling and some coordination, in our view, U3 would not require significant specification work. Moreover, even considering unicast data scheduling by EPDCCH, cost saving from reduced DL BW could be ensured with U3 for low-cost UEs. 
Based on the observation above and considering both cost saving by reduced DW and scheduling flexibility in eNB, Option U3 is most preferable for scheduling of unicast data and Option U2 (with sub-option U2.1 using RAR) can also be considered if the associated scheduling restriction could be acceptable even with large number of low-cost UEs. 
Proposal 2: Option U3 is most preferable for unicast data scheduling on low-cost UE by considering 
both cost saving by reduced DW and scheduling flexibility in eNB. 
3. Related issues on the support of low-cost MTC
In this section, we address issues on identification of low-cost UE type to network and PRB limitation in terms of DL data BW reduction. 
█ Identification of low-cost UE 
In RAN2#85 meeting, the followings were agreed on identification of low-cost UE type (from UE to network) and notification of low-cost UE support (from network to UE) [3]. 

· The network should be able to determine that a UE is a low complexity UE based on Msg1 or Msg3 depending on whether the eNB needs to know which PRBs to use for Msg2). 
· Include the low complexity capability in the UE capability signalling message (possibly implicitly as part of a new category). A low cost MTC UE may access a cell only if SIB1 indicates that access of low cost MTC UEs is allowed. 
One remaining issue to be decided is which of Msg1 (i.e. PRACH signal) and Msg3 (i.e. PUSCH by RAR) is to be used for identification of low-cost UE type to network. In case of using Msg1, since dedicated PRACH resource configuration and PRB location usable for the corresponding RAR scheduling is pre-assigned (e.g. via SIB) for low-cost UE separately from normal UE, RAR scheduling for normal UE would not be affected by low-cost UE support. On the other hand, considering the case of using Msg3 where legacy PRACH resource configuration is commonly used for normal UE and low-cost UE while PRB location usable for RAR scheduling is pre-assigned for low-cost UE, RAR scheduling for normal UE in eNB would be largely restricted due to no PRACH differentiation between low-cost UE and normal UE. 
Thus, considering flexibility on RAR scheduling in eNB, Msg1 is preferable to use for identification of low-cost UE type to network.
Proposal 3: Msg1 (i.e. PRACH) is used for identification of low-cost UE type to network by considering 
flexibility on RAR scheduling in eNB. 
█ PRB limitation related issues
With regard to PRB limitation for low-cost MTC UEs, there may be some remaining consideration points to be decided or clarified. Firstly, the number of PRBs limited for DL data scheduling is to be decided. On this point, since simultaneous reception of common/unicast data would not be essentially required for low-cost MTC UEs with low data rate, it seems reasonable to keep 6 PRB limitation for low-cost UE by considering relevant cost saving. Secondly, if it is assumed that the value of 6 for PRB limitation is determined by considering normal DL subframe with normal CP length, it is needed to clarify on PRB limitation value applied for the cases with different subframe type (e.g. TDD special subframe) and different CP length (e.g. extended CP). 
Proposal 4: 6 PRB limitation is applied (as reference) for DL data scheduling of low-cost UE, and actual 

PRB limitation value is to be determined according to subframe type and CP length.
4. Conclusion
We discussed on DL data scheduling methods and remaining consideration points for supporting the low-cost MTC UEs with reduced BW. Finally, we propose: 
Proposal 1: Option C2 is preferable for common data scheduling on low-cost UE by considering both 

cost saving with reduced DW and multiplexing with normal UEs. 

Proposal 2: Option U3 is most preferable for unicast data scheduling on low-cost UE by considering 
both cost saving by reduced DW and scheduling flexibility in eNB. 

Proposal 3: Msg1 (i.e. PRACH) is used for identification of low-cost UE type to network by considering 
flexibility on RAR scheduling in eNB. 

Proposal 4: 6 PRB limitation is applied (as reference) for DL data scheduling of low-cost UE, and actual 

PRB limitation value is to be determined according to subframe type and CP length.
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