
3GPP TSG RAN WG1 Meeting 89
R1-1707689
Hangzhou, P.R. China 15th – 19th May 2017
Source:
Guangdong OPPO Mobile Telecom
Title:
Disscussion on UL HARQ-ACK feedback
Agenda Item:
6.2.6.3
Document for:
Discussion and Decision

1. Introduction

In RAN #75, a new WID on even further enhanced MTC for LTE was agreed[1]. One of the objectives of the WID is to reduce the power consumption for physical channels. 

· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]

· Study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.
During RAN1#88bis meeting, the following agreements were further reached.
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.
In this contribution, we present our initial considerations on the necessarity and design for HARQ-ACK feedback channel.
2. Discussion  
For BL/CE UEs, coverage ehancement transmission mode is supported since Rel-13 and up to 2048 repetitions can be applied for PUSCH transmission. However, the CSI of the BL/CE UE may not be estimated accurately due to poor SINR and narrow mesurement bandwidth of 6PRBs. And sometimes the UE’s movement during the data transmission would also change the channel condition. Therefore, the BL/CE UEs may be scheduled much more PUSCH repetition times than what are needed. If the eNB can decoded correctly the PUSCH data during the PUSCH transmission and send an early termination siganl to the UE, the UE can stop the PUSCH transmission earlier, which is beneficial for its power saving. In addition, the eNB may reuse the saved PUSCH resource for other transmissions, which is also beneficial for the system efficiency. HARQ-ACK feedback channel can serve as the early termination signal. Once the eNB decoded PUSCH successfully, the eNB can send ACK to the UE. Therefore, from the perspective of power consumption reduction and system efficiency improvement, HARQ-ACK feedback channel is beneficial  for UEs in enhanced coverage.
Observation 1: HARQ-ACK feedback channel is beneficial for UEs in enhanced coverage from the perspective of power consumption reduction and system efficiency improvement. 
In order to achieve the maximum UE’s power saving and system efficiency gain, early terminition signal shall be designed with as short transmission time duration as possible. That is because the power and resource consumption for the transmission of PUSCH from the time the eNB correctly decoded it to the time the early termination sigal is detected by the UE and stop the PUSCH transmission would be wasted. 
Proposal 1: Early terminition signal shall be designed with as short transmission time duration as possible
Within one uplink narrowband, there may be several UE’s PUSCH scheduled at the same time, therefore  multiplexing HARQ-ACK feedback for mutiple UEs within the same downlink narrowband is necessary.As discussed during RAN1#88bis meeting, there are at least two options on the table. One is PHICH-like channel, another is MPDCCH based feedback channel, which further includes two different sub-kinds: MPDCCH with reduced DCI size(s) and MPDCCH with existing DCI sizes. 
For the MPDCCH based feedback channel option, the advantage is it can reuse the current MPDCCH design thus may has less specification effect.Also the DCI carrying HARQ-ACK may be multiplexed with other DCIs in the same control channel search space. Furthermore several UEs’ HARQ-ACK can be multiplexed within the same DCI which is beneficial for the system efficiency. However, there are also drawbacks for MPDCCH based scheme. For example, if the existing DCI size is reused, there would be tens of bits(including the CRC parity bits) within one DCI, the transmission of the MPDCCH itself would need large repetition times, which is adverse to get the gain of sending early terminition signal. Otherwise, if MPDCCH with reduced size is designed, additional specification effect is introduced, and the UE’s blind detection complexity and the corresponding power consumption is also increased. Note that, we shall try to avoid the increase of the UE’s complexity when new feacture is introduced for MTC UEs. In addition, once the HARQ-ACKs bits for one group of UEs are multiplexed into one DCI, other UEs’HARQ-ACK can hardly be added into that DCI during its transmission even if the DCI still has spare bits. That’s because modified DCI can’t be combined with the original DCI for repetitive MPDCCH transmission. However, different UEs’ PUSCH transmission with different coverage enhanced levels may partially overlapped in their transmission subframes, MPDCCH based HARQ-ACK feedback can’t well support multiplexing of those UE’s HARQ-ACKs bits. For example, as illustrated in Figure 1, HARQ-ACK feedback of UE1’s PUSCH1,UE2’s PUSCH2 and UE3’s PUSCH 3 can be multiplexd with DCI1. But HARQ-ACK feedback of UE3’s PUSCH 4 can’t be mutilplexd in DCI1. 
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Figure 1 Illustration of HARQ-ACK multiplexing within the same DCI
Alternatively, PHICH-like feedback channel can be considered. Though there would be some specifcation work, the design of LTE PHICH channel and the mapping scheme of the PHICH channel index and the scheduled PUSCH resource can be maximumly resued. Furthermore, PHICH-like channel can well solve the multi-user’s HARQ-ACk multiplexing issue as mentioned above by CDM manner, i.e., different UE’s HARQ-ACK feedback channel requiring different repetition time can still well multiplexd within their overlapped subframes by using different orthogonal codes. In order to guarantee the decoding performance, more resource can be allocated for the PHICH-like channel  to complemente the loss of the frequency diversity gain due to the narrow transmission bandwith. 
Therefore, based on the above discussion, PHICH-like channel may be preferred unless significant gain of MPDCCH based design would be verified.
Proposal 2: PHICH-like HARQ-ACK channel is slightly preferred. 

3. Conclusions
In this contribution, we present our initial consideration on the downlink HARQ-ACK feedback channel for MTC’ PUSCH transmission. Based on the discusson, we have the following  observation and proposals: 
Observation 1: HARQ-ACK feedback channel is beneficial from the perspective of power consumption reduction and system efficiency improvement. 
Proposal 1: Early terminition signal shall be designed with transmission time duration as short as possible
Proposal 2: PHICH-like HARQ-ACK channel is slightly preferred. 
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