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1. Introduction
In RAN1 76 meeting, the PDSCH scheduling for low cost UE not coverage enhancement was decided to be discussed offline. By now, the main candidates for common channel and unicast transmission have been given out. Some companies give the analysis and their preference. In this contribution, we will analyse the main candicates and give the preference of us.
2. Discussion
After a long time email discussion, the main candidates for low cost MTC UE not in coverage enhancement were given out. The followings are the options:
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.
UE cost saving
C1/U1 has no bandwidth reduction and it may not provide cost saving as MTC UE has to buffer the entire system bandwidth or at least first slot which is implementation dependant.
C2/U2 provides the most cost savings since MTC UE only buffers smaller assigned bandwidth compared with the entire system bandwidth in option C1/U1. C3/U3,C4/U4 have the similar cost savings to C2/U2 from UE perspective.
eNB scheduling flexibility
C1/U1 and C3/U3 can achieve the best eNB scheduling flexibility since the resources can be selected anywhere within the entire bandwidth for the PDSCH for low cost MTC UEs. Low cost MTC UEs could benefit from the frequency selective scheduling gains. But C3/U3 introduces the eNB scheduling complexity since the scheduling in advance, such as it should maitain the timing between (E)PDCCH and PDSCH.

For C2/U2 and C4/U4, the frequency selective scheduling is affected for normal UEs since the pre-defined PRBs or pre-allocated PRBs for low cost MTC UEs. And it can lead some scheduling restrictions for MTC UEs since the PRBs have been partitioned. Compared with these two options, C4/U4 has more restrictions on eNB scheduling and leads the eNB scheduling complexity is increased. Furthermore, the restrctions on eNB scheduling will decrease the spectral efficiency to some extent since it may not achive the resources with best channel status.C2/U2,C3/U3 and C4/U4 would impact the scheduling of SIBs shared between normal UEs and MTC UEs if the eNB desires to use more than 6PRBs and will sequently influence the performance. So we would like to propose that the option with more PRBs than 6PRBs splited for low cost MTC UE should be considered.
Cell spectral efficiency
Both C1/U1 and C3/U3 can achieve full scheduling flexibility to avoid loss in frequency diversity gain or frequency selective scheduling gain since the resources can be selected anywhere in the entire width. However,C3.1 requires additional PDCCH which decreases cell spectral efficiency. C3.2 requires additional PDSCH which decreases the spectrum efficiency also.Therefore, C1 is the best in terms of cell spectral efficiency for common channel.  U3 has the similar spectral efficiency to U1 since no additional PDCCH or PDSCH are required and full scheduling flexibility can be achieved. 
C2/U2 restricts the position of allocated PDSCH, which decreases the frequency selective gain and results in the decrease of the spectrum efficiency, especially in U2 where the resources are semi-static allocated or pre-defined and there is no dynamic frequency domain scheduling. The spectrum efficiency will be very low once the semi-static allocated PRBs have worse channel status. 
C4/U4 is the worst in the spectral efficiency due to less frequency diversity and frequency selective scheduling gains. 
The options C1.2/U1.2 are mainly used to reduce the complexity.But it may increase the blocking probability and could lead to lower PDSCH resource usage depending on how the blind decoding trials are reduced.
Specification Impact

C1/U1 with no bandwidth reduction has no specification impact. 
C2/U2 requires to add the signalling for configuring the PRBs locations, hence moderate specification impact would be expected. 
C3/U3 need to adding the new timing of PDCCH/PDSCH and the corresponding ACK/NACK due to the advance scheduling. 
Hence, basing on the above analysis, C1/U1 provides the best spectrum efficiency and has minimum specification impacts. C1/U1 is preferable considering the factors mentioned above.
3. Conclusion

In this contribution, we analyze the options for PDSCH scheduling for low cos MTC UE. Considering the sepctrum efficiency and specification impacts, we think that:

· C1/U1 is preferable option for common channel and unicast tranmission.
· We propose that the option with more than 6PRBs should be considered similar as C4/U4 .
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