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1. Introduction

In RAN1 #76 meeting, the following was agreed on low cost MTC UEs [2] not in coverage enhancements in the sub-agenda of new UE category/type [1].

	Agreement:
For PDSCH of the low complexity MTC UEs at least not in coverage enhancement:

· The maximum TBS shall be 1000 bits for unicast transmission on PDSCH.

· The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI.
Agreement:
· # HARQ processes for MTC UEs not in coverage enhancements:

· Keep the same number of processes unchanged from Rel-11
· For HD-FDD, FFS


The scope of the Rel-12 MTC work item [2] was revised in RAN plenary #63 meeting, i.e., the revised WID [3] is reduced to just focus on specifying a low cost/complexity UE category/type in Rel-12. R1-140981 summarizes the offline discussions held during RAN1#76, and captures all the discussed PDSCH scheduling options for low cost UEs not in coverage enhancements [4]. RAN1 #76 started the email discussion [76-11] to further define the scheduling options and identify their trade-offs for common channels and unicast transmission. In addition, so far, RAN1 has not yet determined the resource allocation method (e.g., reduced PDSCH frequency location) for cell-common data and unicast data.

In this contribution, based on the email discussion, we share our consideration on scheduling options for low cost MTC UEs not in coverage enhancements.
2. Discussion
2.1. PDSCH scheduling 
Common channels

According to the email discussion, there are four scheduling options for common channels for MTC UEs not in coverage enhancements as follows.

· Option C1: PDSCH within the entire bandwidth scheduled by PDCCH in the same sub-frame 
· Option C2: PDSCH PRB location(s) within a limited number semi-static or predefined PRBs, within PDCCH within same subframe to indicate exact resource allocation.

· 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 subframe 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.

From our point of view, Option C1 needs MTC UEs to support the same post-FFT buffering capacity as non-MTC UEs, which results in limited cost saving. As discussed in [5] [6] [7], a reduction of post-FFT data buffering capacity to 1.4MHz gives a gain of up to 74% compared to Rel-8 UEs. This leads to 4.44%~6.66% overall relative cost savings. The scope of the Rel-12 MTC work item [2] was reduced at RAN #63, i.e., the revised WID [3] just focuses on specifying a low cost/complexity UE category/type in Rel-12. Therefore, reduced post-FFT buffer should be assumed as one of the most effective ways from the perspective of cost saving. 
For Option C2, the limited PRB location(s) is semi-statically configured or predefined, in which case the post-FFT buffer will be reduced to buffer the limited PDSCH bandwidth (i.e., 1.4MHz). In addition, the exact RB allocation is indicated by PDCCH within the same subframe, and therefore the DCI payload can be further trimmed down if a new DCI is introduced. 
If post-FFT buffer capacity is limited for MTC UEs, Option C3 means cross-subframe scheduling and duplicated resources are required. Specifically, C3.1 introduces a new DCI when MTC UEs share PDCCH with legacy UEs. This implies that there will be additional PDCCH only for the PDSCH scheduling of the MTC UEs in the following subframe. For option C3.2, if PDCCH for MTC UEs is shared with legacy UEs, PDSCH will be duplicated in the subframe which follows PDCCH. In general, Option C3 is not spectral efficient. 
Option C4 is proposed as a benchmark for the other options. Its implementation would require two paralleled systems for LTE network, which may cause additional complexity and resource inefficiency.
Additionally, there are several sub-options for semi-static/predefined configuration option C2 as follows.

· 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

For the sub-options C2.1.1/C2.2.4/C2.3.3, in which the PRB location is indicated within the MIB, the MIB may not have enough bits to indicate the limited PRB location across the entire bandwidth. Sub-options C2.2.1/C2.3.1/C2.4.1 indicate PRB location(s) within a SIB, which may increase SIB payload. For the sub-options C.2.2.2/C2.3.2/C2.4.2, the UE assumes PRB locations based on the previous DCI, which means that at least the same PRB location should be used for SIB(s) and paging in one transmission period/cycle. This therefore limits eNB scheduling flexibility. Sub-options C2.1.3/C2.2.3/C2.3.2/C2.4.3 require predefined PRB location in the standard for all common channels, which is simple and of low-complexity to both eNB and MTC UEs. For C2.4.4 the PRB location is RRC configured, but some predefined PRB location is also needed for receiving this RRC signalling under paging. It is therefore not spectral efficient, and leads to additional complexity with the paging procedure for MTC UEs.
Proposal 1:
· Prioritizing low-complexity and low-specification impact for MTC UEs, PDSCH PRB location(s) should be predefined in the standard for common channels, (i.e., C2.1.3, C2.2.3, C2.3.2, or C2.4.3 should be adopted). 
Unicast transmissions
Similarly, in the email discussion the following four options for unicast transmissions for MTC UEs not in coverage enhancements were discussed:
· Option U1: PDSCH within the entire bandwidth scheduled by (e)PDCCH in the same subframe

· Option U2: PDSCH location(s) within a limited number of semi-static PRBs, with (E)PDCCH within same subframe to indicate exact resource allocation.   
· 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. 

For Option U1, MTC UEs have to buffer the entire bandwidth resource after FFT, which is not desirable from the perspective of cost saving. 
Option U2 requires dedicated RRC signalling to semi-statically configure the limited PRB location, and the DCI can be further optimized for spectral efficiency since the (E)PDCCH within the same subframe can indicate the exact RB allocation for each UE. 
For Option U3, (E)PDCCH cross subframe scheduling is adopted, which leads to additional specification effort, e.g., when to transmit PDSCH after PDCCH transmission, ACK/NACK feedback timing for PDSCH, etc. 
Similar to Option C4 for common channels, Option U4 is introduced as a benchmark for the other options, and is not desirable since it is not necessary to design two parallel systems in one network, especially when MTC UEs and non-MTC UEs can be multiplexed in the same bandwidth.
Specifically, there are five sub-options for semi-static configuration U2 for unicast transmissions as follows.
· 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.

For sub-option U2.1/U2.2, a new RRC IE assigning semi-static PRB location should be introduced in the RAR, increasing Msg2/Msg4 payload. On the other hand, MTC UEs only get the knowledge of PRB location for its unicast transmission from the RAR, which may limit eNB scheduling flexibility if Msg2/Msg4 transmissions are scarce. For sub-option U2.3, a predefined or configured PRB must be defined for PDSCH prior to Msg4, and after Msg4, the PRB location is semi-statically configured via RRC. Sub-options U2.4/U2.5 need to configure/predefine one or many set of semi-static PRB location(s), each UE identifying its configuration according to the UE identity. Sub-options U2.4/U2.5 need specification work, e.g., how to predefine PRB location for unicast transmission, and how to build the links between PRB location set and UE identity.
Proposal 2:
· For low cost MTC UE unicast transmission not in coverage enhancements, PDSCH PRB location should be semi-statically configured by a RRC message after Msg4, i.e., U2.3 should be adopted.
3. Conclusion
In this contribution, we have the following proposals:
Proposal 1:
· Prioritizing low-complexity and low-specification impact for MTC UEs, PDSCH PRB location(s) should be predefined in the standard for common channels (i.e., C2.1.3, C2.2.3, C2.3.2, or C2.4.3 should be adopted).  

Proposal 2:
· For low cost MTC UE unicast transmission not in coverage enhancements, PDSCH PRB location should be semi-statically configured by a RRC message after Msg4, i.e., U2.3 should be adopted.
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