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1 Introduction
At the RAN1 #80bis meeting, the following agreements were made in relation to scheduling of PDSCH using M-PDCCH [1]:

· PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Option 1: Dynamic narrowband location indicated by DCI

· Option 2: Same narrowband location as the associated EPDCCH

· Option 3: Known narrowband location

· FFS: Which Option to select may depend on amount of required coverage enhancement

· It means one or two option(s) in total
· From RAN1#80 agreement: for Rel-13 MTC UEs in enhanced coverage, if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)

· Value of k is:
· Option 1: k is fixed
· Option 1-A: k=1 or 2, where PDSCH is allowed to use a different narrowband from the associated EPDCCH

· RAN1 will select a single value of k after receiving RAN4 input on retuning time

· Option 1-B: k=1, where PDSCH always use the same narrowband location as the associated EPDCCH
· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
· Option 2: k is variable
· When not operating coverage enhancement, Option 1 is used when cross-subframe scheduling is used
· FFS: Which Option to select may depend on amount of required coverage enhancement

Further, the following were agreed as working assumptions on the support of dynamic frequency-selective scheduling for PDSCH for LC MTC UEs in normal coverage [1]:

· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),

· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· CSI measurements can be restricted to a subset of the available  narrow-bands

· FFS: details
In this contribution, we share our views on the remaining details of PDSCH enhancements for MTC.
2 Dynamic Indication of Narrowband location of PDSCH for LC MTC
As mentioned in Section 1, three options were identified regarding indication of the narrowband for PDSCH for LC MTC UEs. Considering the benefits of frequency-selective scheduling in normal coverage, it is important that dynamic indication of the PDSCH narrowband via DCI is supported. As discussed in [2], benefits from frequency-selective scheduling depends on availability of subband-based CSI measurements from the LC MTC UEs. Accordingly, a LC MTC UE can be configured with a set of MTC narrowbands to provide CSI feedback for. To facilitate such measurements, suitable intra-frequency measurement gaps may be configured. Alternatively, the set of subbands may be limited to the narrowbands that the UE monitors/receives DL transmissions on. For the second option, measurements on multiple MTC narrowbands may be facilitated if MTC narrowbands are defined in the logical domain [3] to implicitly incorporate frequency hopping across various narrowbands within the system BW. 
If the LC MTC UE retunes to a narrowband (to receive PDSCH) that is different from the narrowband carrying the scheduling M-PDCCH, then the UE behavior with regard to monitoring of the M-PDCCH corresponding to the subframes in which it receives PDSCH needs to be defined. Given that for a LC MTC UE in normal coverage the number of subframes with PDSCH scheduling can be expected to be not a large number, it may be simplest to define the UE behavior wherein the LC MTC UE is not expected to monitor the M-PDCCH corresponding to these PDSCH subframes, and at the end of the PDSCH transmission, it retunes back to the MTC narrowband where it is supposed to monitor for M-PDCCH based on its UE-specific M-PDCCH PRB set configuration. 

Proposal 1
· Confirm the working assumption that for Rel-13 LC UEs in normal coverage, when scheduled using cross-subframe scheduling (k > 0), for unicast PDSCH, the DCI indicates one of the MTC narrow-bands and further indicates the resource allocation within the narrow-band.
· When a Rel-13 LC MTC UE is scheduled with PDSCH on an MTC narrowband that is different from the narrowband containing the UE-specific M-PDCCH PRB set, the UE may not monitor M-PDCCH on the PDSCH subframes and retune back to the narrowband corresponding to the UE-specific M-PDCCH PRB set at the end of the PDSCH reception.
3 Support of Limited Buffer Rate Matching
The main cost savings for reduced maximum TBS for unicast transmission arise from the reduced requirements for turbo decoding and HARQ buffering. To further reduce the cost on the HARQ buffering, it may be appropriate to apply other techniques to reduce the total number of soft channel bits. For instance, Limited Buffer Rate Matching (LBRM) can be employed to further reduce the total number of soft channel bits by half while providing no or negligible performance degradation in comparison with Full Buffer Rate Matching (FBRM) [4]. Another promising approach is to reduce the number of HARQ processes for Rel-13 LC MTC UEs. In the case when the total number of HARQ processes is reduced to 4, the total number of soft channel bits can be reduced by half. 

Table 1 illustrates the total number of soft bits for Rel-13 low complexity UE when both FBRM and LBRM are employed and the total number of HARQ processes is reduced to 2 and 4, respectively. According to the cost breakdown in [5], HARQ buffer accounts for 10%-15% of baseband cost, and equivalently 6%-9% of overall cost. In the case when LBRM is adopted and the total number of HARQ processes is reduced to 4 for Rel-13 low complexity UE, overall cost savings in relative to Cat.0 UE can be calculated as ~5%-7%. 

Table 1. Total number of soft bits
	
	Number of HARQ Processes

	
	2
	4
	8

	FBRM
	6336
	12672
	25344

	LBRM
	3168
	6336
	12672


Observation 1

· When LBRM is employed and the total number of HARQ processes is reduced to 4 for Rel-13 low complexity UE, overall cost savings in relative to Cat.0 UE is ~5%-7%.
Proposal 2

· LBRM and reduction of the number of HARQ processes should be considered for further complexity and cost reduction.
4 Conclusions 
In this contribution, we shared our views on the remaining details of PDSCH enhancements for MTC. Based on the discussion presented, we summarize our main views using the following observation and proposals:
Observation 1

· When LBRM is employed and the total number of HARQ processes is reduced to 4 for Rel-13 low complexity UE, overall cost savings in relative to Cat.0 UE is ~5%-7%.
Proposal 1
· Confirm the working assumption that for Rel-13 LC UEs in normal coverage, when scheduled using cross-subframe scheduling (k > 0), for unicast PDSCH, the DCI indicates one of the MTC narrow-bands and further indicates the resource allocation within the narrow-band.
· When a Rel-13 LC MTC UE is scheduled with PDSCH on an MTC narrowband that is different from the narrowband containing the UE-specific M-PDCCH PRB set, the UE may not monitor M-PDCCH on the PDSCH subframes and retune back to the narrowband corresponding to the UE-specific M-PDCCH PRB set at the end of the PDSCH reception.

Proposal 2

· LBRM and reduction of the number of HARQ processes should be considered for further complexity and cost reduction.
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