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1. Introduction
This contribution discusses the timing relationship between the MPDCCH and the PDSCH for Rel. 13 MTC UEs [1]. The relevant agreements are listed in the Appendix. 
2. Current Status
In Table 1 below we summarize our understanding of the current status based on RAN1 agreements of several scheduling features related to the timing relationship between the MPDCCH and the PDSCH for Rel. 13 MTC. The agreements are listed in the Appendix.

Table 1: Current RAN1 status of features related to MPDCCH/PDSCH timing for Rel. 13 MTC
	Feature
	Normal Coverage
	Coverage Enhanced

	1. Multiplexing MPDCCH & unassociated PDSCH in same subframe
	Supported
	TBD

	2. Same-Subframe Scheduling
	TBD
	Not supported

	3. Cross-SF Scheduling with PDSCH known to use same Narrowband as MPDCCH
	FFS if supported
k = 1 
	Option 1-B: k = 1
Option 2: k variable
FFS if option to use depends on CE level

	4. Cross-SF Scheduling with PDSCH using a different but known Narrowband than MPDCCH
	FFS if supported
k = 1, but FFS retuning time
	Option 1-A: k fixed (TBD 1 or 2)
Option 2: k variable
FFS if option to use depends on CE level

	5. Cross-SF Scheduling with PDSCH using dynamically allocated Narrowband (via DCI) 
	Fixed k >= 2
	Option 1-A: k fixed (TBD 1 or 2)
Option 2: k variable
FFS if option to use depends on CE level



Regarding the first item – multiplexing the MPDCCH with an unassociated PDSCH in the same subframe – there has been no agreement yet regarding support when operating in Coverage Enhancement. There has been a proposal in RAN1 to always aggregate 24 ECCEs, i.e., all 6 PRBs, for the MPDCCH when in CE (e.g., [2,3]); this would minimize MPDCCH repetitions and minimize the number of MPDCCH candidates that need to be considered – leading to reduced complexity, latency, and power consumption. In this case, multiplexing of an unassociated PDSCH could not be supported. On the other hand, there have also been concerns expressed with this proposal in that it limits the scheduling flexibility of the eNodeB (e.g., [4]). We also point out in [5] that supporting multiplexing of MPDCCH & unassociated PDSCH can provide important scheduling flexibility in Coverage Enhancement when trying to exploit time diversity by using multiple HARQ processes.
Proposal 1: Multiplexing of MPDCCH with an unassociated PDSCH in Coverage Enhancement should be supported. However, the total number of MPDCCH candidates in Coverage Enhancement should not exceed the total in Normal Coverage.

Regarding Cross-Subframe Scheduling (items 3-5 in Table 1) we see that there are many options still being considered depending on Coverage mode and PDSCH/MPDCCH frequency hopping scenario. In the interest of reducing UE complexity – in line with the goals of the Work Item [1] – it is desirable to reduce the number of supported modes of operation when possible. It would also be desirable to maintain commonality between the Normal Coverage and Enhanced Coverage operation. One possibility is to always use fixed k = 1, except when the PDSCH frequency location is dynamically scheduled – in which case fixed k = 2 can be used. The final values for k cannot be confirmed until RAN4 concludes its study on Narrowband frequency retuning time.
We also note that the current agreement regarding Cross-SF Scheduling with dynamic Narrowband allocation (item 5 in the table above) has not been updated with the fixed k>=2 option as was done for Normal Coverage in RAN1 #81. In this case, the option fixed k=1 should be removed, as it is not possible to support. The fixed k option should be updated to be aligned with the Normal Coverage agreement.
Observation 1: Reducing the number of possible supported k values for Cross-Subframe Scheduling reduces UE implementation complexity.
Proposal 2: The number of possible supported k values for Cross-Subframe Scheduling should be reduced as much as possible. Using a value of k=1 for Cross-SF Scheduling with dynamic Narrowband allocation in Coverage Enhancement should be invalid.
In the next section we discuss Same-Subframe Scheduling.

3. Same-Subframe Scheduling
It was agreed in RAN1 #80 that Same-Subframe Scheduling is not supported for Coverage Enhancement mode. This can be seen from the agreement shown below, where “k” (the subframe number offset for the PDSCH relative to the MPDCCH) is required to be greater than 0.
· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage
· If/When PDSCH is indicated via physical downlink control channel for MTC:
· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE.
· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0).

In this section we address the issue of Same-Subframe Scheduling for a UE operating in Normal Coverage mode.
A major goal of the Rel. 13 MTC Work Item is to reduce complexity and cost [1]. However, requiring support for Same-Subframe Scheduling increases complexity/cost in several ways:
· Number of Normal Coverage Scheduling Modes: It has already been agreed to support Cross-Subframe Scheduling for Normal Coverage operation. In addition, multiple values for k are being considered depending on whether frequency hopping is being utilized (and how it is scheduled). Adding support for Same-Subframe Scheduling increases the number of scheduling modes of operation required to support for Normal Coverage, thus increasing implementation complexity.
· Normal/Enhanced Coverage Commonality: One of the objectives of the MTC Work Item is to increase commonality between solutions for Release 13 MTC and Rel. 13 Coverage Enhancement [1]. Same-Subframe Scheduling has already been ruled out for Coverage Enhanced operation. Supporting only Cross-Subframe Scheduling for Normal Coverage would have the advantage of aligning it with scheduling in Coverage Enhanced mode.
· FFT Output Subframe Buffer Size: The subframe buffer for the FFT output cannot begin to be freed until the contents have been processed. However, the PDSCH cannot be processed until the MPDCCH has been completely decoded and parsed – since its processing depends on knowing various transmission parameters signaled in the MPDCCH, (such as transmission scheme, PRB allocation, MCS, Process ID, new data indicator, DRS scrambling ID, etc). This causes substantial additional buffering requirements for the FFT output. In addition, it causes an increase in channel estimation buffering, since the receiver processing for the PDSCH is delayed. 
The increase in buffer size is illustrated in Figures 1 and 2 below, which illustrate Cross-Subframe and Same-Subframe Scheduling, respectively. The figures are just an example illustration – details will vary depending on implementation. In Fig. 1, the FFT output buffer can begin to release subframe n samples at some point in the receiver processing of the MPDCCH – but no later than after the decoding of the bits. The FFT output buffer for the PDSCH samples in subframe n+1 will be smaller, since the PDSCH processing can begin as soon as sufficient reference symbols are available for channel estimation; in the example in the figure processing was assumed to begin after receiving most or all of the subframe. In contrast, for the Same-Subframe Scheduling described in Fig. 2, the processing of the PDSCH must be delayed until after the MPDCCH has been parsed (most likely in firmware) and the critical transmission parameters have been configured for the processing of the PDSCH. This significantly delays the time that the FFT output subframe buffer can begin to release samples from subframe n – thus increasing the buffer size.
Observation 2: Support for Same-Subframe Scheduling for Normal Coverage operation increases complexity and cost for Release MTC UEs.
Proposal 3: Only Cross-Subframe Scheduling should be supported for Release 13 MTC UEs; Same-Subframe Scheduling should not be supported for both Normal Coverage and Enhanced Coverage operation.




Figure 1: Cross-Subframe Scheduling





Figure 2: Same-Subframe Scheduling

4. Conclusion
In this contribution we consider the timing relationship between MPDCCH and PDSCH for Release 13 MTC UEs. Based on the discussion here, we have made the following observations and proposals:
Proposal 1: Multiplexing of MPDCCH with an unassociated PDSCH in Coverage Enhancement should be supported. However, the total number of MPDCCH candidates in Coverage Enhancement should not exceed the total in Normal Coverage.
Observation 1: Reducing the number of possible supported k values for Cross-Subframe Scheduling reduces UE implementation complexity.
Proposal 2: The number of possible supported k values for Cross-Subframe Scheduling should be reduced as much as possible. Using a value of k=1 for Cross-SF Scheduling with dynamic Narrowband allocation in Coverage Enhancement should be invalid.
Observation 2: Support for Same-Subframe Scheduling for Normal Coverage operation increases complexity and cost for Release MTC UEs.
Proposal 3: Only Cross-Subframe Scheduling should be supported for Release 13 MTC UEs; Same-Subframe Scheduling should not be supported for both Normal Coverage and Enhanced Coverage operation.
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6. 

Appendix: RAN1 Agreements

We summarize in this section the RAN1 agreements related to the scheduling timing of the MPDCCH and PDSCH channels. 

RAN1 #79	 
At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, Cross-Subframe Scheduling is supported at least for Rel-13 UE supporting enhanced coverage

RAN1 #80 	
· For Rel-13 low complexity MTC UEs:
· At least for unicast PDSCH transmission scheduled by ‘Physical downlink control channel for MTC’, Cross-Subframe Scheduling is supported for normal coverage

· For Rel-13 low complexity UEs in enhanced coverage at least for system BW>1.4MHz
· No multiplexing within a PRB pair of the physical downlink control channel for MTC UEs and PDSCH for MTC UEs 
· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz
· Confirm the working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs

· Confirm the following Rel-12 agreements for Rel-13 MTC UEs in enhanced coverage
· If/When PDSCH is indicated via physical downlink control channel for MTC:
· The relation of PDSCH timing to physical downlink control channel for MTC timing shall be known to UE.
· Assigned PDSCH is transmitted not before end of physical downlink control channel for MTC, i.e., if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0).

RAN1 #80bis	
· For a Rel-13 low complexity UE not operating coverage enhancements:
· Multiplexing of ‘Physical downlink control channel for MTC’ and un-associated PDSCH in the same subframe to the same UE is supported.

· 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

Working assumption:
· 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

RAN1 #81
· Confirm the following revised working assumption at RAN1#80bis meeting: For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling,
· Case 1:
· 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 
· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs
· CSI measurements can be restricted to a subset of the available  narrow-bands
· FFS: details
· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband
· This doesn’t preclude predefined frequency hopping 
· Value of k in Case 1 is:
· k>=2
· RAN1 will select a single fixed value of k after receiving RAN4 input on retuning time
· Company should investigate impact on UE complexity of M-PDCCH decoding (R1-153082).
· When k > 2, RTT may need to be modified.
· Value of k in Case 2 is:
· k=1
· FFS: how to handle the subframe used for retuning in case of frequency hopping is applied
· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
· The above overrides the RAN1#80bis agreements related to k.
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