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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

Bundling vs multiplexing:

TDD has support for both ACK “Bundling” and ACK “multiplexing”. Bundling is the “ANDing” of all the ACK bits into 1 bit where multiplexing is the aggregation of the ACKs bits into one UCI message. Given the WID specifies “Bundling” vs “Multiplexing”, bundling (not multiplexing) will be specified and thus only bundling is discussed in this tdoc. 

This paper discusses the design considerations for the ACK Bundling design. Specifically the paper focuses and evaluates two methods: a method where the UL/DL subframes are fixed based on a preset configuration (i.e. like TDD) and a 2nd method where the UL/DL subframes are dynamically determined (similar to how HD-FDD works in Rel 13). 
2. Design Criteria’s
RRC Re-configure:

It is assumed the ACK Bundling will be configured by RRC connection. 
Proposal: ACK Bundling will be configured by RRC for HD-FDD BL UEs
Speed and Latency:
The DL speed needs to be considered for both the full buffer vs partial buffer situations and in addition the effect on the UL speed must also be considered. For example, if the UL speed is greatly reduced when ACK bundling is enabled, this would then make it difficult for the eNB to determine in what situations ACK bundling should be enabled or disabled and could lead to excessive RRC signalling. 
Repetition:

Given ACK Bundling is about increasing speed and supporting ACK bundling even when modest repetitions are being used in Mode A this would decrease speed significantly and would complicate the design, it is not recommended to support ACK bundling when repetitions are used. 

Proposal: ACK Bundling is only supported when repetition is not used on the MPDCCH, PDSCH, or PUCCH. 
3. Bundle Size
The first fundamental question is how big and how many bundles should be supported? 

BUNDLE SIZE 4:

The following diagram show the case if the bundle size is 4:
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Notables:
· DL speed is 444kbps (4/9 SF) – major issues

· The ACK timing doesn’t allow D3-D4 to be Ack’d in 1st HARQ cycle so only 2 Acks are sent in SF #7 in the 1st Cycle - Acks are not contained within HARQ cycle

Observation: one bundle of size of 4 doesn’t result in a large DL speed improvement.
Two Bundles of size 4 per HARQ Cycle:
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Notables: 

· Acks are contained within the HARQ cycle
· DL speed = 533kbps (8/15 SF)
Proposal: A maximum of two bundles, each of size 4, is supported per HARQ cycle for a HD-FDD UE.
A single bundle of size 8 will also provide similar DL speed but this is not a good choice because the number of retries would be higher because only 1 of 8 TB needs to be in error for the entire bundle to have to be repeated. 

4. Fixed vs Dynamic SF configuration

Another fundamental question is whether the SF structure should be fixed, as in in TDD or dynamically based on grants as in HD-FDD. 
Fixed UL/DL Subframe Structure

In this method, the UE will switch to the UL based on a fixed UL/DL configuration. The configuration selected allows 2 bundles of size 4 (see below):
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Notables: 

· DL speed = 533kbps (8/15 SF)
· A 15 SF HARQ cycle length is easy to synchronize 

· UL speed = 200kbps (3/15 SF) – reduced from 375kbps

Observation: For the fixed UL/DL subframe method, the UL peak data rate is reduced to 200kbps (from 375kbps) when ACK bundling is enabled. 

Error cases and Non-Full buffer case
The first HARQ cycle of the figure below shows the situation where only 3 TB’s are transmitted (non-full buffer) and the 2nd cycle is an example of when there are M-PDCCH errors:
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In TDD the Downlink Assignment Index (DAI), indicates how many assignments the UE should have received.  In the HD-FDD case, the DL grant also needs to include similar information on the size of the bundle so that the UE can distinguish between the above two cases and send an ACK in the first case and NACK in the second.  
Proposal: The DL Grant needs to include information on the size of the bundle (similar to DAI in TDD)
In the 1st cycle of in the above figure where only 3 TB are sent the data rate is reduced down to 200kbps (3/15 SF) which is significantly slower than when ACK bundling is disabled (300kbps). 

Observation: For the Fixed UL/DL SF method, when < 5 TBs are sent, the DL speed is slower than when ACK bundling is disabled. 
Dynamic UL/DL Subframe Method

In this section, we investigate the possibility where the UL and DL subframes are not fixed but are dynamically determined based on decoded UL and DL grants, similar to how HD-FDD works when ACK Bundling is disabled.  In this design, the following rules are assumed for when a UE switches from DL to the UL are (but other rules are possible):
· The UE switches to the UL:
· 2 subframes after it fails to decode at least one DL grant in the 2 consecutive subframes, or
· Decodes 2 bundles, or
· 3 subframes after a UL grant (legacy operation)
Whatever comes first.

The follow diagram shows two cases: Full buffer where 8 TB are sent and non-full buffer where 3 TB are sent:
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Some notables:

· DL speed = 533kbps (8/15 SF) when full buffer
· DL Speed = 300kbps (3/8 SF) when non-full buffer

· Ack timing is always preserved (k>=4)

Observation: The same peak DL speed of 533kbps is supported by both the Fixed UL/DL SF method and the Dynamic UL/DL SF method.

Observation: For the dynamic UL/DL SF method, regardless of the bundle size, the DL speed is always equal to or greater than when ACK bundling is disabled.

Another advantage of dynamic method is that the same maximum UL speed of 375kbps is supported even when HARQ bundling is enabled as shown in the diagram below:
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Some notables:

· The UE obeys the rules for the UL grant G4 in SF15 and thus switches to UL in SF 18 to send the PUSCH in SF19.

· The maximum UL speed of 375kbps (3/8 SF) is possible even when ACK Bundling is enabled.
Observation: For the dynamic UL/DL SF method, an UL speed of 375kbps is supported.

Error Cases and non-full buffer cases:
For the dynamic case, M-PDCCH error cases need to be examined.

M-PDCCH Errors at the start of a Bundle and sending 6 TB
The following diagram shows this error case and a case where only 6 TB are sent:
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The UE needs to be able distinguish between the two above cases. One way to accomplish this is to add an additional DCI bit to indicate which bundle# the DL grant belongs two. This is seen in the above diagram where DL grant G5 in SF5 must indicate it belongs to the 2nd bundle.

Observation:  For the dynamic UL/DL SF method, an additional DCI bit is required to identify the bundle.

Alternatively, a DCI bit can be saved if the bundle size is restricted to only 1 or 4 (i.e. 2 and 3 are not allowed). 

Proposal: To reduce DCI size, consider supporting bundle sizes of 1 or 4 (i.e. sizes of 2 and 3 are not allowed).
M-PDCCH Errors at End  
The following diagram shows the error case with three errors: 
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The following diagram shows the error case with two errors at the beginning of the 2nd bundle: 
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Notables:

· The ACK is at a different time than if G5 was decoded correct because the 2nd bundle was not detected.

After reviewing all the error cases, no issues where the UE and eNB can get out of sync were identified.

Observation: No major issues were identified for the Dynamic UL/DL SF method.
Comparison of Fixed and Dynamic Methods
The same DL speed of 533kbps is possible with both the Fixed UL/DL SF method and the Dynamic UL/DL SF method however there are some concerns.  The following is a summary of the issues/concerns for both methods: 

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 addition of 1 bit in the DCI for Mode A when no repeats are used will not result in a large amount of extra MPDCCH resources needed and thus it is recommended that the Dynamic UL/DL SF Method should be specified.
Proposal: When HARQ Bundling is enabled for a Rel 14 BL UE, the following rules govern when the UE switches to the UL:
· 2 subframes after it fails to decode at least one DL grant in the 2 consecutive subframes, or
· Decoding of 2 bundles, or

· 3 subframes after a UL grant (legacy operation)

Whatever case comes first.

Proposal:  The DL Grant shall identify the bundle number.

5. Conclusions
Proposal: ACK Bundling will be configured by RRC for HD-FDD BL UEs
Proposal: ACK Bundling is only supported when repetition is not used on the MPDCCH, PDSCH, or PUCCH. 
Observation: a bundle size of 4 doesn’t result in a large DL speed improvement.

Proposal: A maximum of two bundles, each of size 4, is supported per HARQ cycle.
Observation: For the fixed UL/DL subframe method, the UL peak data rate is reduced to 200kbps (from 375kbps) when ACK bundling is enabled. 

Proposal: The DL Grant needs to include information on the size of the bundle (similar to DAI in TDD)

Observation: For the Fixed UL/DL SF method, when < 5 TBs are sent, the DL speed is slower than when ACK bundling is disabled. 

Observation: The same peak DL speed of 533kbps is supported by both the Fixed UL/DL SF method and the Dynamic UL/DL SF method.

Observation: For the dynamic UL/DL SF method, regardless of the bundle size, the DL speed is always equal to or greater than when ACK bundling is disabled.

Observation: For the dynamic UL/DL SF method, an UL speed of 375kbps is supported.

Observation:  For the dynamic UL/DL SF method, an additional DCI bit is required to identify the bundle.

Proposal: To reduce DCI size, consider reducing the possible bundle size to only 4 (i.e. sizes of 2 and 3 are not allowed).

Observation: No major issues were identified for the Dynamic UL/DL SF method.

Proposal: When HARQ Bundling is enabled for a Rel 14 BL UE, the following rules govern when the UE switches to the UL:
· 2 subframes after it fails to decode at least one DL grant in the 2 consecutive subframes, or
· Decoding of 2 bundles, or

· 3 subframes after a UL grant (legacy operation)

Whatever case comes first.

Proposal:  The DL Grant shall identify the bundle number.
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