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Introduction
The following agreements have been made WRT to M-PDCCH at RAN1# 81 [1]:
· 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.

Essentially, this tdoc tries to resolve the FFS in the above agreement highlighted in green. This tdoc is similar to [2] which was submitted but not presented at RAN1#81.

Given that Case 2 is less defined where k=1 (i.e. “whether and/or how to  define a case (Case 2)”) and that it is unclear how frequency hopping is applied when k=1 if RAN4 determines the re-tune time is > 1 symbol (75us), this document generally focusses on “case 1” where k=2 and there is no frequency hopping.

Note: In this tdoc, normal coverage is defined as when no repeats are needed, i.e., eNB sends the DCI and PDSCH in one SF (i.e. 1 SF but not necessarily the same SF).

Peak Speeds Criteria
For marketability reasons (i.e. to support the largest possible total addressable market (TAM)), usability reasons, and power consumption reasons, the peak speed of the HD-FDD Rel 13 LC UE should be as high as possible without increasing UE complexity. Given the above, this document considers the peak speed as a major factor to be considered when choosing the details in how to specify cross sub-frame scheduling and HARQ. 
Simultaneous M-PDCCH decoding
As stated in [2], restricting LC UE decoding capability to <3 M-PDCCH messages per SF will degrade the peak speed by >27% and since supporting >=3 M-PDCCH messages per SF should not materially increase Rel 13 LC UE’s complexity, the following proposal is assumed throughout the remainder of the document:

Proposal: At least in normal coverage, a Rel 13 LC UE should be capable to decode >=3 M-PDCCH messages per SF.
Cross SF Scheduling and HARQ Timing 
Fixed K 
The following diagram shows what the HARQ cycle may look like when fixed DL Grant k=2 (i.e. Case 1):
[image: ]
In this case, 3 out of 10 SF being available for PDSCH and PUSCH which results in a peak UL and DL rate of 300kbps.

The following diagram shows what the HARQ cycle may look like when DL Grant k=1 (i.e. Case 2):  
[image: ]
This results in 3 out of 9 SF being available for PDSCH or PUSCH which results in a peak UL and DL rate of 333kbps.

Increase HARQ Timing = 5
The following diagram shows what the HARQ cycle may look like when k=2 and HARQ timing changes from 4 to 5 SF and UL Grant k=5: 
[image: ]

In this case, 4 out of 12 SF being available for PDSCH and PUSCH which results in a peak UL and DL rate of 333kbps and increase of 11% compared to the previous case.

Loosening HARQ timing and UL grant timing from 4 to 5, further lowers the UE complexity.

This option also supports TTI bundling of 4 (Itbs=5) commonly used to improve UL coverage for VoIP. 
k=2 or next avail SF
In this option, the DL Grant k=2 unless it falls on a switch SF “S”or UL SF, in which case, k = next available DL SF. The following HARQ cycle may look like this (HARQ timing=5 and UL Grant k=5):
[image: ]
For example, after decoding UG1, the UE knows it will switch to UL at SF#4 and thus UE can imply k=8 for DG3 and DG4. There is no need to explicitly indicate when k is not equal to 2.

This results in 4 out of 10 SF being available for PDSCH and PUSCH which results in a peak UL and DL rate of 400kbps. 
DL Ack Bundling
To further increase the peak DL data rate for HD-FDD LC UEs, the LC UE could be configured to use DL ACK bundling (e.g. via DCI format 1b), similar to what is used for LTE-TDD. For this option:
DL Grant k=2 unless it falls on a switch SF or UL SF, in which case, k = next available DL SF. 
UL Grant k=5
HARQ timing=>4
DL Ack bundling of 4 ACKs

The following HARQ cycle may look like this:
[image: ]
This results in 4 out of 7 SFs being available for PDSCH which results in a peak DL rate of 571kbps.

If DCI format 3 (normally used for carrier aggregation) is repurposed to support 8 ACK bundling, the following HARQ cycle may results:
[image: ]
This results in 8 out of 11 SFs being available for PDSCH which results in a peak DL rate of 727kbps.

Standardization effort is increased with this option, but LC UE’s complexity should not materially increase. 

DL Ack bundling will only increase the DL speed and when used will limit the available UL SFs so the UL speed will be significantly reduced. But if the eNB sends UL grants, the UE will always honor those UL grants so UL speed can dynamically increase back to the normal 400kbps (same as in section 4.3). There is no need to explicitly signal the UE when to use DL ACK bundling. The following figure show how this can switch dynamically and implicitly:
[image: ]
Summary Table
	Option
	Peak Speed
kbps (UL/DL)
	UE
Complexity
	Standardization Effort
	Other 
Factors

	Fixed k=2
	300 / 300kbps
	Medium
	Easy
	 

	HARQ Timing=5
	333 / 333kbps
	Low
	Easy
	Supports Itbs=5

	k=2 or next available DL SF
	400 / 400kbps
	Low
	Easy
	Supports Itbs=5

	DL Ack Bundling
	NA / 727kbps
	Low
	moderate
	Supports Itbs=5



Given the low data rate of 300 kbps when k is fixed, that option should not be considered for standardization.

Given that increasing HARQ timing from 4-5 lowers UE complexity, increases the peak speed, and allows support for Itbs=5, this option should be specified.
Proposal:  In normal coverage, the HARQ Ack Timing should equal 5 SF for HD-FDD Rel 13 LC UEs.  

Given that the “k=2 or next available DL SF” option increases the peak speed without increasing UE complexity, this option should be specified. 
Proposal:  In normal coverage, the M-PDCCH DL Grants k=2 unless SF falls on an invalid SF (e.g. a switch, UL, or MBMS SF), in which case, k = next available DL SF

Given that the “DL Ack Bundling” option substantially increases the peak DL speed without increasing UE complexity, this option should be specified. 
Proposal:  In normal coverage, DL Ack bundling of at least 4 (possibly 8) should be support by the HD-FDD Rel 13 LC UEs. 

Conclusions
Proposal: At least in normal coverage, a Rel 13 LC UE should be capable to decode >=3 M-PDCCH messages per SF.

Proposal:  In normal coverage, the HARQ Ack Timing should equal 5 SF for HD-FDD Rel 13 LC UEs.  

Proposal:  In normal coverage, the M-PDCCH DL Grants k=2 unless SF falls on an invalid SF (e.g. a switch, UL, or MBMS SF), in which case, k = next available DL SF

Proposal:  In normal coverage, DL Ack bundling of at least 4 (possibly 8) should be support by the HD-FDD Rel 13 LC UEs. 
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