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1. Introduction
In this contribution, we discuss the open issues of DL bandwidth reduction of low complexity UEs including the number of PRBs of PDSCH for low complexity UEs and the PDSCH scheduling for common channels and unicast transmissions for low complexity UEs.
2. Discussion
It was agreed that the maximum TBS for data types referenced by SI-RNTI, P-RNTI and RA-RNTI for low complexity UEs shall be 2216 bits. A couple of contributions [1]-[8] for RAN1#76 identified the issue that 6 PRBs are not sufficient to schedule a TB of 2216 bits. In order to schedule a TB of 2216 bits and ensure the cell edge coverage, it is necessary to relax the number of PDSCH PRBs for low complexity UEs. The number of PDSCH PRBs shall be decided considering the tradeoff between UE cost/complexity and performance. At least, low complexity UEs shall support PDSCH of 15 PRBs.
Proposal 1: Low complexity UEs shall support PDSCH of at least 15 PRBs. 

An email discussion following RAN1#76 was initiated to further clarify the tradeoffs between the different options for PDSCH scheduling methods for low complexity UEs not in coverage enhancement. Four options for common channels and four options for unicast transmissions are listed in Annex.

Following we compare these options in terms of UE cost savings, eNB complexity, eNB scheduling flexibility, cell spectral efficiency and specification impact. 
UE cost savings
The UE cost savings are the same for C2/U2, C3/U3 and C4/U4 while the UE cost savings for C1/U1 is expected to be lower. The exact UE cost savings for C1/U1 depend on UE implementation and no cost savings in post-FFT data buffering is expected for U1.4. Note that there are the same cost savings in receiver processing block for all the options including U1.4.
eNB complexity

From eNB complexity perspective, C1/U1 is the simplest as the scheduling of low complexity UEs is the same as normal UEs except the number of PDSCH PRB restriction. C3/U3 is the most complicated in the sense that a different PDCCH/PDSCH timing for low complexity UEs is introduced in the eNB scheduler. C4/U4 is relatively simpler than C2/U2 since all the low complexity UEs share the same 6 PRB band.
eNB scheduling flexibility

C1/U1 and C3/U3 achieve the best eNB scheduling flexibility since the PDSCH for low complexity UEs can be scheduled anywhere within the entire bandwidth. The eNB scheduling flexibility of C4/U4 is the worst as the PDSCH for low complexity UEs can only be scheduled in the fixed PRBs. 
Cell spectral efficiency

Both C1/U1 and C3/U3 achieve full scheduling flexibility to avoid loss in frequency diversity gain or frequency selective scheduling gain. However, C3 requires additional PDCCH or PDSCH which decrease cell spectral efficiency. Therefore, C1/U1 is the best in terms of cell spectral efficiency. C4/U4 is the worst due to lack of frequency diversity and frequency selective scheduling gains. 

Specification impact

It is obvious that C1/U1 has minimal impact on specifications. C3/U3 leads to fundamental changes to PHY and MAC specifications due to new (E)PDCCH/PDSCH timing relationship. C2/U2 requires new higher layer signaling for semi-static approach and new definitions of PRB locations in the spec for predefined approach. The specification impact of C4/U4 is expected to be small.
Considering the analysis above, C1/U1 is preferred.

Proposal 2: C1/U1 (PDSCH within the entire bandwidth scheduled by (e)PDCCH in the same subframe) is adopted for PDSCH scheduling for low complexity UEs. 
3. Conclusion
Regarding the number of PRBs of PDSCH for low complexity UEs, we suggest that low complexity UEs support PDSCH of at least 15 PRBs. 
Based on the analysis of different options, C1/U1 (PDSCH within the entire bandwidth scheduled by (e)PDCCH in the same subframe) is proposed for PDSCH scheduling for low complexity UEs.
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5. Annex
Common channels

· 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 UEs.
· 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 transmissions

· 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 for the LC UE, 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  indicating semi-static PRB location 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. 
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