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1. Introduction
The “Further Enhanced MTC” WID [1] indicates HARQ-ACK bundle will be supported in CE Mode A for HD-FDD BL/CE UEs.
Higher data rates [RAN1, RAN2, RAN4]

· Specify HARQ-ACK bundling in CE mode A in HD-FDD
· Larger maximum TBS

· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios

· Up to 10 DL HARQ processes in CE mode A in FD-FDD

The following agreements were made in RAN#1 86b WRT to HARQ Bundling:

· HARQ-ACK bundling is supported in CE Mode A in HD-FDD.
· HARQ-ACK bundling is not supported in CE Mode B.
· FFS whether HARQ-ACK bundling is supported in CE Mode A in FD-FDD.
· FFS whether HARQ-ACK bundling is supported for PUCCH repetition case.

· FFS whether HARQ-ACK bundling is supported for PDSCH repetition case.

· FFS whether HARQ-ACK bundling is supported for MPDCCH repetition case.

· One or multiple HARQ-ACK bundles can be supported for PDSCH scheduling before switching to UL.

· HARQ-ACK bundle size is defined as the number of PDSCH transmissions (corresponding to different HARQ processes) with a joint HARQ-ACK feedback.

· The maximum HARQ-ACK bundle size is 4.

· FFS: maximum number of HARQ-ACK bundles before switching to UL

This paper discusses the above “FFS” plus these remaining issues:

· Fixed vs Dynamic SF Configuration 
· Group PDSCH Grants into on DCI’s
2. HARQ-ACK Bundling in CE Mode A in FD-FDD
This section discusses this FFS:

· FFS whether HARQ-ACK bundling is supported in CE Mode A in FD-FDD.
With the addition of 2 more DL HARQ processes, a Rel 14 BL FD-FDD UE can already utilize all the DL SF so HARQ-Ack bundling will not increase speed but it can decrease in PUCCH resources.  Also, if it is decided to group several PDSCH grants into a DCI, as suggested by [2], this would reduce the amount of DL resources need for the grants which would also be valuable for FD-FDD UEs.  However these advantages are fairly minor so the specification work required to support this should be very small. 
Proposal: If it is decided to support grouping several PDSCH grants into one DCI and if the specification work is minor, HARQ-ACK bundling could be supported for FD-FDD UEs. 
3. Support for Repetition

This section discusses the following FFS:

· FFS whether HARQ-ACK bundling is supported for PUCCH repetition case.

· FFS whether HARQ-ACK bundling is supported for PDSCH repetition case.

· FFS whether HARQ-ACK bundling is supported for MPDCCH repetition case.

The main advantage to supporting repetition is that supporting some small repetition will help extend the coverage areas where HARQ-ACK bundling can be used.

For PUCCH repetition, no significant downside could be determined.

For PDCSCH repetition disadvantages:

· The DCI bits used to indicate repetition can no longer be used for HARQ-ACK bundling purposes 
· There is much smaller improvement in SF utilization improvement (e.g. for 2 repeats SF utilization is already good at 6/11 SF)
For MPDCSCH repetition disadvantages:

· The DCI bits used to indicate repetition can no longer be used for HARQ-ACK bundling purposes 

Given the above disadvantages, if the DCI bits can be used by the HARQ-ACK then HARQ bundling should be limited to no repeats.
Proposal: If during the DCI design, it is determined that HARQ-ACK bundling can utilized the DCI bits which current specify the number of repeats for M-PDCCH and PDSCH, then HARQ bundling should not support repeats.

4. Maximum number of HARQ-ACK bundles before switching to UL
This section discussed the following FFS:

·  FFS: maximum number of HARQ-ACK bundles before switching to UL

Range:

· Given only 10 HARQ processes are supported, with a bundle size of 2, the absolute maximum number of bundles is 5. 

· The minimum to provide good throughput is 2

Observation: Range for the maximum number of HARQ-ACK bundles before switching to UL is between 5 and 2.
Large bundle Advantages:

· Smaller bundles have the advantage of reducing the number of bits per ACK thus reducing the probability of a bundle error and corresponding bundle retransmission. 

Small bundle Disadvantages:
· Using only 2 bundles, reduces peak data rate (>=3 is OK)

Large bundle Disadvantages:

· Bundles >=4 reduce speed as more ACKs are needed 
· More PUCCH resources are used

· More DCI bits are need to define the bundles (e.g. 5 bundles need 3 bits vs 4 bundles only need 2)

Given the DCI design is still unknown; the effect of increased DCI bits is also unknown so it is difficult to make a final decision without more discussion on DCI size impacts. However given the values of 5 and 2 both would reduce the possible data rate, at this time the possible values should be down selected to between 3 and 4. 

Proposal: The maximum number of HARQ-ACK bundles before switching to UL is either 3 or 4 bundles.
5. Fixed vs Dynamic SF configuration

Another fundamental question is whether the SF configuration should be fixed, as in in TDD or dynamically based on grants as in HD-FDD.  An analysis was done in [3], with the following conclusion:
Fixed UL/DL SF Method Issues:

· UL data rate is reduced from 375kbps to 200kbps 
· The DL speed is worse when < 5 TBS need to be sent

Dynamic UL/DL SF Method Issues:

· An additional DCI bit is required to identify the bundle
The reduction in the UL data rate is a significant issue so it is propose to agree to design based on a Dynamic SF configuration:

Proposal: The timing of when the HD-FDD UE switches to the UL is based on received DCI information.
6. Group all PDSCH grants into a single DCI
In [2] it is proposed to use a single MPDCCH to schedule all PDSCH TBs associated with a HARQ-ACK bundle. 
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This has three main advantages:

· Reduces MPDCCH resource overhead 
· All 6 PRBs can be allocated to the DCI and PDSCH, which results in an improvement in link budget 
· Reduces error cases when DCI’s are not decode correctly by UE
The main issue is that this proposal substantially increases the DCI size because many of the fields in the DCI need to multiplied by the number of bundles in the cycle.  The following fields would need to be sent per bundle:
· HARQ # or Bundle #
· RV

· NDI

If 4 bundles per cycle are supported, this would result in the addition of 14-16 bits to DCI.

Observation:  Using a Single MPDCCH to schedule all PDSCH TBs associated with a HARQ-ACK bundle will significantly increase DCI size if 3 or 4 bundles per cycle is supported 
7. Group PDSCH grants for two bundles into a DCI
Given the large amount of DCI increase in grouping all PDSCH grants into one DCI, the idea of aggregating only PDSCH grants for two bundles into a DCI grant and then sending two DCIs was investigated. The figure below shows the concept:
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As seen above the 2nd grant “G2” could come right after the “G1” where 6 PRBS could be used. However, the “G2” would indicate in the DCI that extended timing is used. Optionally G2 can be sent in SF #6 using normal timing.
The following possible DCI design could be used:

	DCI contents 
	Rel 13
DL Grant 
	Proposed Rel 14

HARQ DL Grant 

	UL/DL flag
	1
	Same

	Number of bundles/Size
	0
	With 2 bits:
0 – No bundling

1 – 1 bundle (length 2 SF)

2 – 2 bundles (length 2 SF)

3 – 2 bundles (length 3 SF)
(+2 bits)
Could consider using 3 bits to provide more options

	Extended Timing (Optional)
	0
	0 – Normal MPDCCH timing
1 – PDSCH starts in 6 SF

(optional +1 bits)

	Narrowband index
	ceil(log2(number of narrowbands))
 
	Same

	PRB assignment
	5
	Same –possibility to repurpose some bit

	Repetition number
	2
	Same - possibility to repurpose some bit

	MCS
	4
	Same- possibility to repurpose some bit

	FH hopping
	1
	Same

	HARQ process number
	4 for FDD
for 10 HARQs
	Each bundle is repeated in its entirety so there is no need to keep track of individual HARQ just bundle number as along as HARQ process are mapped to bundles.
 2 bits*2 bundles = 4 bits

(+ 0 bits)

	RV
	2
	2bits*2 bundles = 4bits

(+2 bits)

	TPC for PUCCH
	2
	Same

	NDI
	1
	1*2 bundles bits

(+1 bits)

	SRS request
	1
	Same

	DAI
	0 for FDD
2 for TDD
0 for HD-FDD
	0

	HARQ-ACK resource offset
	2
	Same – but may need some discussion

	M-PDCCH repetition number
	2
	Same- possibility to repurpose some bit

	Total (maximum)
	30 (FDD)
	+5-6


Given the above design, and all the possibilities to repurpose bits, the net increase in DCI should be minimum and possible zero especially if repeats are not supported.  

The following are possible reductions if repeats are not supported:
· M-PDCCH repetition number – 2 bits savings
· PDSCH Repetition number- 2 bits savings
· PRB assignment from 5 bits to 3 bits (remove 1 PRB assignment which is only useful for small PRB) – 2 bit savings 
Total 6 bit savings

Observation:  Grouping PDSCH grants for two bundles into a DCI can be accomplished without increasing DCI Size, if some DCI bits are reallocated.

Error conditions:
With this proposal the number of error cases reduces significantly as the UE can only 

· Miss both grants, or
· Miss the 1st grant, or
· Miss the 2nd grant

Miss both grants: This is a very simple scenario as eNB will not see any ACKs so all bundles will be transmitted.

Miss the 1st grant:  The eNB will not see ACKs for the 1st bundle set so eNB will retransmit the 1st bundle set.
Miss the 2nd grant:  The eNB will not see ACKs for the 2nd bundle set so will retransmit the 2nd bundle set.  eNB will see ACKs from 1st bundle earlier in this case. 
All error cases are handled with no additional bits or need for DAI bits.
Observation:  Grouping PDSCH grants for two bundles into a DCI would not require the use of DAI bits to handle error cases.
Proposal: Support grouping PDSCH grants for two bundles into a DCI when HARQ-ACK bundling is used.
8. Conclusion
Proposal: If it is decided to support grouping several PDSCH grants into one DCI and if the specification work is minor, HARQ-ACK bundling could be supported for FD-FDD UEs. 
Proposal: If during the DCI design, it is determined that HARQ-ACK bundling can utilized the DCI bits which current specify the number of repeats for M-PDCCH and PDSCH, then HARQ bundling should not support repeats.

Proposal: The maximum number of HARQ-ACK bundles before switching to UL is either 3 or 4 bundles.
Proposal: The timing of when the HD-FDD UE switches to the UL is based on received DCI information.
Observation:  Using a single MPDCCH to schedule all PDSCH TBs associated will significantly increase DCI size if 3 or 4 bundles per cycle is supported 

Observation: Grouping PDSCH grants for two bundles into a DCI can be accomplished without increasing DCI Size, if some DCI bits are reallocated.

Observation:  Grouping PDSCH grants for two bundles into a DCI would not require the use of DAI bits to handle error cases.
Proposal: Support grouping PDSCH grants for two bundles into a DCI when HARQ-ACK bundling is used.
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