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Introduction
This document discusses the merits of the different M-PDCCH options (e.g. “k” for cross SF scheduling) and HARQ options (e.g. HARQ timing) in normal coverage.  
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. but not necessarily the same SF). 
The following agreements have been made WRT to M-PDCCH at RAN1# 80BIS [1], which states that Option 1 is used when operating in normal coverage:
· 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

Essentially, this tdoc tries to resolve the FFS in the above agreement highlighted in green. 
Peak Speeds Criteria
For marketability reasons (i.e. to support the largest possible total addressable market (TAM)) and usability reasons, the peak speed of the HD-FDD Rel 13 LC UE should be as high as possible with increasing UE complexity. The peak speed criterion has also been discussed at RAN1#80bis which resulted in the below agreed [1]:
· 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.
· When the UE is not required to retune to other narrowband region due to monitoring of PSS/SSS, PBCH, SIB, paging occasion, etc.,
· In FD-FDD, the UE can receive PDSCH and transmit PUSCH in every subframe.
· In TDD, the UE can either receive PDSCH or transmit PUSCH in every subframe.
· In HD-FDD, the UE can either receive PDSCH or transmit PUSCH in most subframes (i.e. more than half of the subframes).

Given the above, this document considers the peak speed as a major factor to be considered when choosing the value of “k” and other M-PDCCH and HARQ options.   
Simultaneous M-PDCCH decoding
When considering peak data rates, there are three main DCI messages the UE will need to decode; DL grants, UL grants and UL ACKs (assuming UL ACKs are sent on M-PDCCH – this has not yet been agreed).  The ability of the UE to decode all three of these DCIs within 1 SF will significantly affect the peak speed of the UE. There are three options:
Option 1: UE can decode one DCI message per SF on M-PDCCH
Option 2: UE can decode two DCI messages per SF M-PDCCH
Option 3: UE can decode three DCI messages per SF M-PDCCH
Option 1 would result in a serious degradation of the peak UL only speed, from 375kpbs to 273 kbps (3 of 11 SF used) and even a larger reduction in the simultaneous UL and DL speed (down to 214kbps).  Below is a diagram of UL only HARQ pattern: 
[image: ]
Option 2 would result in a serious degradation of the simultaneous UL and DL peak speed (down to 273kbps). Below is a diagram of the resulting HARQ pattern: 
[image: ]
Observation: Restricting UE decoding capability to <3 DCI messages per SF will degrade peak speed by >27%.
Although the blind decoding options have not yet been agreed, if the Rel-13 LC UE in normal coverage has to be capable of decoding the 1 ECCE case, then it would have to have the ability of at least 6 blind decodes per SF. Thus, supporting >=3 DCI message per SF should not materially increase Rel 13 LC UE’s complexity.
Proposal: At least in normal coverage, HD-FDD Rel 13 LC UEs should be capable to decode >=3 DCI messages per SF.
The remainder of the tdoc assumes this LC UE capability.
Cross SF Scheduling and HARQ Timing Options
DL k=0 (no cross SF scheduling)
The following diagram shows what the HARQ cycle may look like if no cross SF scheduling is used (i.e. k=0): 
[image: ]
This results in 3 of 8 SF being available for PDSCH or PUSCH which results in a peak UL and DL rate of 375kbps.
“Option 1: Dynamic narrowband location indicated by DCI” would not be supported for DL grants but could be supported by UL grants since k=4, which would give LC UE enough time to process grant and switch RF frequency.
UE complexity is the highest with this option since the LC UE would have to either decode M-PDDCH very quickly or provide more buffering. 
DL k=1
The following diagram shows what the HARQ cycle may look like when DL k=1: [image: ]
This results in 3 of 9 SF being available for PDSCH or PUSCH which results in a peak UL and DL rate of 333kbps.
“Option 1: Dynamic narrowband location indicated by DCI” would not be supported for DL grants but could be supported by UL grants since k=4. 
With k=1 M-PDCCH decoding timing requirements are relaxed compared to k=0 but still could require some buffering. 
k=2
The following diagram shows what the HARQ cycle may look like k=2: [image: ]
This results in 3 of 10 SF being available for PDSCH and PUSCH which results in a peak UL and DL rate of 300kbps.
“Option 1: Dynamic narrowband location indicated by DCI” would be supported for DL grants and for UL grants. 
k=2 has the loosest M-PDCCH timing requirement and thus lowest UE complexity.
k=2 and 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 and UL Grant k=5: [image: ]
This results in 4 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.
“Option 1: Dynamic narrowband location indicated by DCI” would be supported for DL grants and for UL grants. 
DL Grant k=2 has the loosest M-PDCCH DL grant timing requirement and a looser UL grant timing of k=5 thus further lowering UE complexity.
This option also supports TTI bundling of 4 (Itbs=5) commonly used to improve UL coverage for VoIP. 
During the initial steps of the RACH process (e.g. for msg3), the eNB would not know the LC UE is a HD-FDD UE, so the LC UE would have to use a HARQ Timing of 4 until the eNB is notified the LC UE is a HD-FDD where it would change from 4 to 5.
k=2 or next avail SF
In this option, the DL Grant k=2 unless it falls on a switch SF or UL SF then k = next available DL SF. The following HARQ cycle may look like this (HARQ timing=5 and UL Grant k=5): [image: ]
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 of 10 SF being available for PDSCH and PUSCH which results in a peak UL and DL rate of 400kbps. 
With this option, “Option 1: Dynamic narrowband location indicated by DCI” would be supported for DL grants and for UL grants. 
DL Grant k=2 has the loosest M-PDCCH DL grant timing requirement, loosest UL grant timing of k=5, and loosest HARQ timing =5 thus this option has the lowest UE complexity.
This option also supports TTI bundling of 4 (Itbs=5) commonly used to improve UL coverage for VoIP. 
DL Ack Bundling
To further increase 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 then 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 of 7 SF 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 of 11 SF being available for PDSCH which results in a peak DL rate of 727kbps.
With this option, “Option 1: Dynamic narrowband location indicated by DCI” would be supported for DL grants and for UL grants. 
Standardization effort is increased with this option, but LC UE complexity should not materially increase.
It is FFS on if or how UE is configured to use DL ACK bundling or not.
UL Ack and UL Grant Bundling
To increase the peak UL speed, UL Ack bundling and UL grant bundling could be used. For this option:
DL Grant k=2 unless it falls on a switch SF or UL SF then k = next available DL SF. 
UL Grant k=5 unless it falls on a switch SF or DL SF then k = next available UL SF. 
HARQ timing=>4
UL Ack bundling of 4
UL Grant bundling of 4

The following HARQ cycle may look like this: [image: ]
This results in 4 of 7 SF being available for PUSCH which results in a peak UL rate of 571kbps.
For simplicity, the bundled UL Grants would assign the same Itbs for each UL grant (e.g. U1-U4).
Standardization effort is increased with this option but LC UE complexity should not increase substantially.
It is FFS how UE is configured to use UL ACK bundling or not.
Summary Table
	Option
	Peak Speed
kbps
	UE
Complexity
	Dynamic Narrowband Scheduling*
	Standardization Effort
	Other 
Factors

	Fixed k=0
	UL/DL 375kbps
	Highest
	No
	Easy
	 

	Fixed k=1
	UL/DL 333kbps
	Medium
	No
	Easy
	 

	Fixed k=2
	UL/DL 300kbps
	Low
	Yes
	Easy
	 

	k=2, HARQ Timing=5
	UL/DL 333kbps
	Lowest
	Yes
	Easy
	Supports Itbs=5

	k=2 or next DL SF
	UL/DL 400kbps
	Lowest
	Yes
	Easy
	Supports Itbs=5

	DL Ack Bundling 8
	DL 727kbps
	Low
	Yes
	moderate
	Supports Itbs=5

	UL Ack and UL Grant Bundling
	UL 571kbps
	Low
	Yes
	Difficult
	Supports Itbs=5


* note: “Dynamic NB Scheduling” refers to “Option 1: Dynamic narrowband location indicated by DCI”)
Given the high/Medium UE complexity requirement when k=0 or k=1, those options should not be considered for standardization. 
Given the very low data rate of 300 kbps when k=2, that option should not be considered for standardization.
Proposal:  In normal coverage, HARQ Ack Timing should equal 5 SF for HD-FDD Rel 13 LC UEs.  
Proposal:  In normal coverage, M-PDCCH DL Grants k=2 unless SF falls on invalid SF (e.g. a switch, UL, or MBMS SF) then k = next available DL SF. 
Proposal:  In normal coverage, DL Ack bundling of at least 4 should be support by the HD-FDD Rel 13 LC UEs. FSS how UE is configured.
Given the larger standardization effort required to support UL ACK and UL Grant bundling, this feature could be implemented in a later release.
Conclusions
Proposal: In normal coverage, HD-FDD Rel 13 LC UEs should be capable to decode >=3 DCI messages per SF.
Proposal:  In normal coverage, HARQ Ack Timing should equal 5 SF for HD-FDD Rel 13 LC UEs.  
Proposal:  In normal coverage, M-PDCCH DL Grants k=2 unless SF falls on invalid SF (e.g. a switch, UL, or MBMS SF) then k = next available DL SF. 
Proposal:  In normal coverage, DL Ack bundling of at least 4 should be support by the HD-FDD Rel 13 LC UEs. FSS how UE is configured.
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