3GPP TSG RAN WG1 Meeting #86bis
R1-1608938
Lisbon, Portugal 10th - 14th October 2016
Agenda Item:
7.2.8.1.3
Source: 
Sony
Title:
Considerations on HARQ-ACK Bundling in HD-FDD
Document for:
Discussion / decision
1. Introduction 
One of the objectives of the approved WI on feMTC [1] is to increase the throughput of the MTC device.  The methods considered in the WID are:

· 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
This contribution discusses some aspects of HARQ-ACK bundling in CE Mode A HD-FDD.
2. Discussion
In Rel-13 eMTC, we have the following timing relationship:
· Cross subframe scheduling: For a MPDCCH that ends in subframe n, the corresponding PDSCH starts in subframe n+2

· PDSCH Feedback: For a PDSCH that ends in subframe m, the corresponding HARQ feedback on PUCCH starts in subframe m+4

Based on these timing relationships and a maximum TBS of 1000 bits, the maximum downlink throughput that can be achieved by a HD-FDD UE is 300 kbps using the PDSCH transmission arrangement in Figure 1.
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Figure 1: Rel-13 eMTC HD-FDD maximum downlink throughput transmission
HARQ-ACK bundling is therefore introduced to improve the downlink throughput of HD-FDD by grouping a bundle of PDSCH transmissions for HARQ-ACK feedback, where the feedback is performed by using an AND operator on their CRC checks.  HARQ-ACK bundling is aimed at high throughput and since high throughput is achieved when there are no repetitions, we do not expect HARQ-ACK bundling to operate when repetition is used.  It is also noted in [2] that repetitions would complicate the design of HARQ-ACK bundling.
Proposal 1: HARQ-ACK bundling is used only when repetition is not used.
Assuming that 10 HARQ processes are introduced for HD-FDD, the peak downlink throughput is achieved if 10 consecutive PDSCHs are transmitted, i.e. if the bundle size is 10 PDSCH as shown in Figure 2, which would give a peak throughput of 588 kbps with a max TBS of 1000 bits.
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Figure 2: PDSCH bundle size of 10 for peak throughput
Observation 1: Peak downlink throughput for HD-FDD is achieved if the PDSCH bundle size is equal to the maximum number of HARQ processes.

It is also observed in Figure 2 that the PDSCH-PUCCH timing relation cannot be maintained in HARQ-ACK bundling.  Hence, the timing relationship would need to be changed such that a minimum processing time of 3 subframes is still provided between UE receiving PDSCH and transmitting the PUCCH.
Proposal 2: When HARQ-ACK bundling is used, the PDSCH-PUCCH timing relationship is changed such that the PDSCH transmitted at subframe m will be acknowledged by the corresponding PUCCH in subframe m+k where k ( 4.
Retransmission using HARQ-ACK bundling is inefficient since all the PDSCH within a bundle need to be retransmitted if a NACK is fedback due to CRC fail on any one of the PDSCHs in the bundle.  The retransmission inefficiency increases with the size of the PDSCH bundle.

Observation 2: The retransmission inefficiency in HARQ-ACK bundling increases with the size of the bundle.

Therefore, it would be beneficial if a long consecutive PDSCH transmission is divided into multiple bundles without affecting the timeline in Figure 2.  It can be observed in Figure 2 that the two uplink subframes between time (3 and (4 (subframe 3 & 4) are not utilised and therefore can be used for HARQ-ACK feedbacks.  Hence, it is possible to feedback 3 HARQ-ACK feedbacks for 3 sets of PDSCH bundles without affecting the timeline, i.e. the consecutive 10 PDSCH transmissions can be divided into 3 bundles as shown in Figure 3.
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Figure 3: 10 consecutive PDSCH transmission broken up into 3 bundles
Proposal 3: Allow up to 3 PDSCH bundles to be transmitted in the downlink before switching to the uplink for HARQ-ACK feedbacks.
In order to achieve the PDSCH bundle transmission in Figure 3, the UE needs to know when a PDSCH bundle starts and when it ends.  In LTE TDD, a bundle window is defined where each bundle window is associated with an uplink subframe, and so the UE knows when a bundle would start and end.  However, HD-FDD does not have a fixed downlink-uplink subframe configuration and using a bundle window would introduce restriction on the scheduling of HD-FDD (which may complicate scheduling since Rel-13 eMTCs did not have such restriction).  Hence, an indication of the start and end of a PDSCH bundle in the DCI would be beneficial.
Proposal 4: The start and end of a PDSCH bundle is indicated to the UE in the DCI.

In Rel-13 eMTC, the switch from downlink to uplink is known to the UE due to a known timing relationship between PDSCH & PUCCH and MPDCCH & PUSCH.  However, the timing relationship between PDSCH & PUCCH cannot be fixed for PDSCHs in a bundle.  Therefore an UL switch indicator either explictly in the DCI or implicit (e.g. if no DL grants are received 2 subframes after the last PDSCH in a bundle) needs to be introduced.
Proposal 5: An implicit or explicit UL switch indicator is used in HARQ-ACK bundling operation.

Operation of HARQ-ACK bundling may need a new DCI format, e.g. with start, end or DAI fields.  The UE must therefore be configured to use this new DCI format.  Therefore, HARQ-ACK bundling operation is RRC configured by the eNB.
Proposal 6: HARQ-ACK bundling operation is RRC configured by the eNB.
In LTE TDD, the DAI field in the DCI would keep track of the number of PDSCH transmitted in the bundle since it is possible for the UE to miss a downlink grant.  The DAI can be reused in feMTC but it is limited to 4 PDSCH counts in a bundle.  We can limit the maximum bundle size to 4 or the UE can indicate to the network the number of PDSCH being bundled in the HARQ-ACK feedback, e.g. by using a PUCCH resource (freq or code) that is a function of the bundle size.
Proposal 7: The bundle size is either managed by the DAI in DCI or indicated by the UE in the HARQ-ACK feedback.

3. Conclusion

In this contribution we discuss some aspects of HARQ-ACK bundling.  We observe the following:
Observation 1: Peak downlink throughput for HD-FDD is achieved if the PDSCH bundle size is equal to the maximum number of HARQ processes.

Observation 2: The retransmission inefficiency in HARQ-ACK bundling increases with the size of the bundle.
We therefore propose the following:

Proposal 1: HARQ-ACK bundling is used only when repetition is not used.
Proposal 2: When HARQ-ACK bundling is used, the PDSCH-PUCCH timing relationship is changed such that the PDSCH transmitted at subframe m will be acknowledged by the corresponding PUCCH in subframe m+k where k ( 4.
Proposal 3: Allow up to 3 PDSCH bundles to be transmitted in the downlink before switching to the uplink for HARQ-ACK feedbacks.
Proposal 4: The start and end of a PDSCH bundle is indicated to the UE in the DCI.
Proposal 5: An implicit or explicit UL switch indicator is used in HARQ-ACK bundling operation.

Proposal 6: HARQ-ACK bundling operation is RRC configured by the eNB.
Proposal 7: The bundle size is either managed by the DAI in DCI or indicated by the UE in the HARQ-ACK feedback.
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