3GPP TSG RAN WG1 Meeting #90bis                                                                   R1-1718171
Prague, CZ, 9th – 13th, October 2017
Source:
NTT DOCOMO, INC.
Title:
Views on UL HARQ-ACK feedback design

Agenda Item:
 6.2.5.4
Document for: 
Discussion and Decision

1. Introduction
The support of HARQ-ACK feedback for efeMTC has been studied and following agreements were achieved in the last several RAN1 meetings [1] [2].
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This is a re-submission of R1-1713887. In this contribution, we will share our consideration in UL HARQ-ACK feedback design. We will firstly analyze the HARQ-ACK feedback pattern design. Then, different HARQ-ACK MPDCCH options will be discussed.
2. HARQ-ACK feedback pattern design

Early termination of PUSCH transmission should be considered in efeMTC based on the above agreements. When supporting the early termination, from the perspective of resource utilization, it is better that eNB could provide UL HARQ-ACK feedback immediately once it successfully decoded the UL data. And UE tries to detect HARQ feedback after every UL transmission until detects HARQ-ACK.

However, from the power consumption perspective, detecting HARQ-ACK in each subframe would consume more power shown in Fig. 1. And it is quite challenging for the HD-FDD MTC, since they can’t perform transmission and reception simultaneously. 
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Figure 1 UE detects HARQ-ACK feedback after every UL transmission 
Thus, to keep a balance between UL resource utilization and UE power consumption, it is better to define specific HARQ-ACK monitoring occasions during the UL repetitions. For example, assuming the indicated repetition time of UL data is R, we can define the HARQ-ACK monitoring occasions based on a specific pattern {R/4, R/2, 3R/4, R} shown in Fig. 2. Then, UE would monitor the HARQ-ACK feedback contents in those specific occasions, and stop repetition when detected HARQ-ACK.
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Figure 2 HARQ-ACK feedback pattern design
Proposal 1: Define specific pattern for HARQ-ACK monitoring occasions to achieve the balance between resource utilization and UE power consumption
3. HARQ-ACK MPDCCH design

To support the early termination of PUSCH, MPDCCH can be used for HARQ-ACK feedback. Based on the previous discussion, several options for HARQ-ACK MPDCCH were proposed. We’d analyze each of these options in the following sections.
· Option 1: HARQ-ACK feedback based on legacy UL grant 
· Option 2: HARQ-ACK feedback based on new single-based compact DCI
· Option 3: HARQ-ACK feedback based on new group-based common DCI
3.1. HARQ-ACK feedback based on legacy UL grant
In legacy Rel-13 eMTC design, UE can recognize ACK feedback if NDI is toggled for the same HARQ process where the UL grant indicates new scheduling of UL data. To enable the early termination of PUSCH, HARQ-ACK can also be realized by using similar mechanism. That’s to say, UL grant could indicate the HARQ-ACK for early termination by toggled NDI when eNB continues the scheduling for some new data. 
However, only 1 bit HARQ-ACK for early termination is needed when there is no further scheduling of new data. If we reuse the UL grant to send HARQ-ACK, the signaling overhead would be large and it would cause large resource consumption. In that case, it’s not efficient to indicate HARQ-ACK by UL grant.
Proposal 2: HARQ-ACK for early termination can be realized by UL grant only when there is new data for continuous scheduling
3.2. HARQ-ACK feedback based on new single-based compact DCI
As is analyzed, it’s not efficient to indicate HARQ-ACK by UL grant when there is no continue scheduling of new data. Then, a new single-based compact DCI can be introduced for the 1 bit HARQ-ACK feedback. Thus, the signaling overhead and resource consumption could be reduced significantly. 
However, here comes another problem that the blind decoding (BD) times at UE side would be increased by introducing a new DCI format. Correspondingly, the UE power consumption and detection complexity would be increased. Thus, further enhancement is needed to reduce the BD times. To solve the issue on BD times, new search space structure design for the compact DCI could be considered. In legacy Rel-13 eMTC, UE performs the blind decoding of DCI assuming different repetition granularity based on the maximum number of repetitions indicated by higher layer. Considering the small payload size feature of compact DCI, the BD times can be reduced by limiting the monitored search space in terms of repetition granularity. Besides, limiting the specific DCI candidate positions in a certain repetition granularity can also be considered. On the other hand, TDM based monitoring occasions of both compact DCI and legacy UL grant could be considered. For example, it can be considered to indicate the specific HARQ-ACK monitoring occasions of compact DCI and UL grant semi-statically or dynamically. Then, UE would monitor only one kind of DCI in the specific time, and it would not increase the BD times compared to legacy monitoring design.
Observation 1: New single-based compact DCI is beneficial for reducing signaling overhead and resource consumption. 
· Further enhancement is necessary to reduce the BD times caused by introducing the new compact DCI 
3.3. HARQ-ACK feedback based on new group-based common DCI
Considering the signaling overhead and resource consumption reduction, HARQ-ACK feedback for multiple UEs can also be investigated. That’s to say, the group-based HARQ-ACK feedback to multiple UEs should be supported by MPDCCH. Then, a new group-based common DCI format including multiple HARQ-ACK feedback fields should be defined to support the group-based HARQ-ACK feedback. In addition, a new group-based RNTI can be defined to identify this new common DCI format. For each UE, the corresponding HARQ-ACK field in the new DCI could be associated with UL resource. Besides, to reduce the UE BD times, the size of new group-based common DCI could be the same as legacy UL grant. Thus, introducing the new common DCI format would reduce signaling overhead and resource consumption without adding BD times. 
To support the group-based HARQ-ACK feedback, new UE behavior should be defined when the group-based HARQ-ACK feedback channel is overlapped with legacy MPDCCH/PDSCH in time domain. For example, if the group-based MPDCCH(G-MPDCCH) is overlapped with the legacy UE specific MPDCCH or PDSCH, UE would be confused about the DL detection especially when they are in different narrow band shown in Fig. 3. Thus, the detection priority between G-MPDCCH and UE specific MPDCCH/PDSCH should be predefined. 
[image: image4.emf]Narrow band of G-MPDCCH

Narrow band of MPDCCH or PDSCH

UE

eNB

UL Grant

G-MPDCCH Monitoring time

R/4 R/4 R/4 R/4

F

T

Overlapping time


Figure 3 G-MPDCCH is overlapped with legacy MPDCCH or PDSCH 
The design principle in Rel-13 MTC could be reused to solve the overlapping issue between G-MPDCCH and PDSCH. In Rel-13 MTC, PDSCH is prioritized than MPDCCH when scheduled PDSCH reception and M-PDCCH monitoring opportunity fully or partially overlap in time and are located at different narrow bands. Similarly, the PDSCH should also be prioritized when it overlaps with G-MPDCCH in Rel-15 efeMTC. However, the detection priority of G-MPDCCH and MPDCCH/PDSCH should be further defined.
Observation 2: New group-based common DCI design is beneficial for reducing signaling overhead and resource consumption

· UE behavior should be further defined when the new group-based HARQ-ACK MPDCCH is overlapped with legacy MPDCCH/PDSCH in time domain
As discussed in above sections, both group-based common DCI and single-based compact DCI are beneficial for reducing signaling overhead and resource consumption. The detailed analysis of these two options are as follows:
For group-based common DCI:
· The signaling overhead can be significantly reduced especially under massive connection cases

· The BD times is the same as that on the design in legacy Rel-13 eMTC if the payload size is the same as that of UL grant
· The UE complexity might be increased due to the retuning between different narrow bands
· The feedback flexibility is low compared to the single-based design

· The feedback latency might be large for specific UE due to the group-based feedback manner

For single-based compact DCI:
· The signaling overhead can be reduced compared to legacy design
· The BD times would be increased if current blind decoding mechanism is reused
· The UE complexity might be increased for additional BD times
· The feedback flexibility is high
· The feedback latency is small
As we can see, there are pros and cons in each of these two options. More investigation should be adopted for down selection.
Proposal 3: More investigation should be adopted for down selection between the new single-based compact DCI and new group-based common DCI
4. Conclusion
In this contribution, we analyzed and shared our consideration in the UL HARQ-ACK feedback design.
Observation 1: New single-based compact DCI is beneficial for reducing signaling overhead and resource consumption. 

· Further enhancement is necessary to reduce the BD times caused by introducing the new compact DCI 

Observation 2: New group-based common DCI design is beneficial for reducing signaling overhead and resource consumption

· UE behavior should be further defined when the new group-based HARQ-ACK MPDCCH is overlapped with legacy MPDCCH/PDSCH in time domain
Proposal 1: Define specific pattern for HARQ-ACK monitoring occasions to achieve the balance between resource utilization and UE power consumption
Proposal 2: HARQ-ACK for early termination can be realized by UL grant only when there is new scheduling of UL data
Proposal 3: More investigation should be adopted for down selection between the new single-based compact DCI and new group-based common DCI
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Agreements: 


For the purpose of evaluations of HARQ-ACK feedback for UE power saving:


At least the following two options are considered for HARQ-ACK feedback channel:


Option 1: One HARQ-ACK feedback channel for multiple UE PUSCHs in one transmission


Option 2: One HARQ-ACK feedback channel for a single UE PUSCH in one transmission


Detailed design on HARQ-feedback channel FFS among at least the following options:


PHICH-like channel


MPDCCH with reduced DCI size(s)


MPDCCH with existing DCI size(s)


Early termination of PUSCH transmission and/or MPDCCH monitoring are considered.


The detailed solutions can be different for HD-FDD and FD-FDD/TDD.


Agreements: 


If explicit UL HARQ-ACK feedback is supported, it is based on MPDCCH





Agreements: 


Explicit HARQ-ACK feedback is supported for the following purpose(s):


Early termination of MPDCCH monitoring before going to sleep (details up to RAN2)


FFS: Early termination of PUSCH transmission at least in FD-FDD and TDD


The introduction of explicit HARQ-ACK feedback shall not increase the maximum number of MPDCCH blind decoding attempts.
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