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1. Introduction

In RAN1#92 and RAN#79, the followings are agreed and approved.[1]

 REF _Ref510710654 \r \h 
[2]:
	RAN1#92 Agreement:

One or more of the following solutions for DL data are needed for URLLC operation 

· blind/HARQ-less PDSCH repetition in different TTIs

· Consider the following variants

· Variant 1: dynamic indication of the PDSCH repetition factor in DCI

· Variant 2: semi-static configuration of the PDSCH repetition factor over RRC

· Variant 3: independent PDSCH assignment for each PDSCH transmission

· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)

· Study if and how PDSCH repetition can be combined with TTI level FH. 

RAN#79 Approval:

To support enhanced reliability focusing on 1ms latency bound in Rel-15, only the following are to be specified by June:

· PCFICH reliability: Semi-static configuration of PCFICH duration to avoid PCFICH reliability impacting the overall DL reliability (RAN2 led)

· Blind/HARQ-less repetition for scheduled DL-SCH operation (RAN1 led)

· Finalise details of RAN1 agreement to support blind/HARQ-less PDSCH repetition.

· Using legacy (S/E)PDCCH, (S)PUCCH formats (if applicable); any discussion of potential DCI modifications is limited to support of blind/HARQ-less repetition

· All four variants (as identified in RAN1#92) are valid for further discussion. 

· Second priority (best effort only): Repetition enhancements for UL SPS operation (RAN1 led)

· Finalise details of RAN1 & RAN2 agreements to support UL SPS repetition configuration (both sTTI and TTI)

· PDCP data duplication (RAN2)

· For the solutions above, introduce any necessary UE and base station core requirements [RAN4]


In this contribution, we discuss aspects on blind/HARQ-less repetition for scheduled DL-SCH operation.
2. Blind/HARQ-less repetition of PDSCH
In RAN1#92 meeting, solutions for blind/HARQ-less PDSCH repetition were classified as four variants [1]. Variant 2 (semi-static configuration of the PDSCH repetition factor over RRC) and 4 (combination of semi-static and dynamic indication) include higher layer signaling which causes low flexibility in eNB scheduling. Therefore, variant 1 and 3 would be more preferred for more flexible operation of blind/HARQ-less repetition of PDSCH.
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Figure 1: Examples on how to schedule HARQ-less PDSCH repetition with variant 1.

Regarding the variant 1, PDSCH repetition can be scheduled with a single PDSCH assignment as described in Figure 1. It seems that the variant 1 brings less additional UE complexity for achieving combining gain. However, there is a reliability issue because all the repeated PDSCHs can be missing if UE fails to decode the corresponding single PDSCH assignment. Furthermore, the PDSCH assignment may include the scheduling information for several PDSCHs, which also reduces the reliability of PDCCH. 
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Figure 2: Example of how to schedule HARQ-less PDSCH repetition with variant 3.

On the other hand, the variant 3 operates with independent PDSCH assignment for each PDSCH transmission as described in Figure 2. More specifically, each PDSCH has its own PDSCH assignment within the same TTI, and eNB transmits the PDSCH assignments for repeated PDSCH with the same HARQ process ID. In addition, by utilizing the non-toggled NDI and the same DAI (if provided), a UE will assume HARQ-less PDSCH repetition as a retransmission of the same transport block. For the variant 3, further study is needed to achieve combining gain while additional UE complexity is kept as low as possible.
Proposal 1: The variant 1 and 3 can be considered as a baseline for the discussion on blind/HARQ-less PDSCH repetition.
Regarding the PDSCH repetition with the variant 3, different UE implementation can be considered. First approach is that a UE may not perform decoding on each repetition for achieving combining gain even if it has received DCI correctly depending on UE capability. (If the repeated PDSCHs are combined, UE capability can be defined since TTI-level combining may not be possible for a certain UE.) For example, if a UE needs at least 2 sTTIs between soft combining of TBs with the same HARQ ID, the UE may perform soft combining in every 2 sTTIs though repetition occurs in every sTTI. This would reduce the benefit of variant 3. Another possible approach is to utilize multiple HARQ processes to process repetitions as if a UE is scheduled with multiple TBs. Though this may not allow combining benefits, at least, a UE can attempt to decode multiple times. By this, similar benefits to PDCP repetition in time domain can be expected. In this situation, each repeated PDSCH with the same HARQ process ID can be stored in different soft buffer and some of the HARQ process ID may be reserved not to be used due to the limited soft buffer space. Furthermore, all the soft buffers which contain the repeated PDSCHs can be simultaneously flushed once the UE correctly decodes the transport block corresponding to the repeated PDSCHs.
Another consideration point is how to define HARQ-ACK transmission timing. Candidate options are described in Figure 3.
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Figure 3: Example of options for HARQ-ACK transmission associated with PDSCH repetition
Defining HARQ-ACK timing from the last (or pre-defined/indicated) PDSCH can be considered (Option 1). For instance, if PDSCH is received in sTTI#0, 1, 2, and 3 repeatedly for one transport block, then the UE can transmit the corresponding HARQ-ACK in sTTI#3 of the next subframe (assuming n+6 timing for subslot operation) and more HARQ-ACK can be transmitted over the following TTIs if HARQ-ACK repetition is to be supported. This approach requires specification efforts and additional latency. Also, in order to avoid DCI missing problem, some sort of indication to inform UE of which TTI is the last TTI (i.e., reference TTI to calculate HARQ-ACK timing) seems necessary. When this option is applied to the case that the repeated PDSCHs are combined, maximum repetition number for PDSCH repetition along with a time budget which is required to the combining operation needs to be considered for the processing time for HARQ-ACK transmission. This option seems to be suitable for the variant 1 for blind/HARQ-less PDSCH repetition.
Another approach is to let UE transmit each HARQ-ACK corresponding to individual PDSCH according to its pre-determined or configured (for subslot operation) processing time (Option 2). For instance, if PDSCH is received in sTTI#0, 1, 2, and 3 repeatedly for one transport block, then the UE can transmit HARQ-ACK in sTTI#0, 1, 2, and 3 of the next subframe (assuming n+6 timing for subslot operation). This approach will result in less specification effort (at least from RAN1 perspective) and enable autonomous PUCCH repetition, however, may be hard to configure different number of repetitions between PDSCH and PUCCH since HARQ-ACK will be transmitted in consecutive TTIs in response to each of repeated PDSCH transmission. Furthermore, the impact on UE implementation seems non-negligible. This options seems to be suitable for the variant 3 for blind/HARQ-less PDSCH repetition.
Alternatively, HARQ-ACK can be transmitted as soon as the UE decodes PDSCH successfully (Option 3). More specifically, if PDSCH is transmitted over multiple TTIs repeatedly for one transport block, and once a UE decodes PDSCH successfully before the end of the repetition, the UE will generate HARQ-ACK corresponding to the PDSCH, which reduces the latency compared with the case where the UE transmits HARQ-ACK at the timing counted from the last PDSCH reception among repeated PDSCH transmissions.
Proposal 2: Regarding HARQ-less PDSCH repetition, at least the following aspects need to be further investigated: 

· How to enable HARQ-less PDSCH repetition 
· Whether/how to configure/indicate the number of repetitions
· How to define HARQ-ACK timing (HARQ-ACK repetition corresponding to PDSCH repetition vs. HARQ-ACK timing from the last PDSCH reception vs. early HARQ-ACK timing from the successful PDSCH reception)

3. Conclusions

In this contribution, we discussed some aspects on blind/HARQ-less repetition for scheduled DL-SCH operation. Based on the above discussion, our proposals are given as follows:
Proposal 1: The variant 1 and 3 can be considered as a baseline for the discussion on blind/HARQ-less PDSCH repetition.
Proposal 2: Regarding HARQ-less PDSCH repetition, at least the following aspects need to be further investigated: 

· How to enable HARQ-less PDSCH repetition 
· Whether/how to configure/indicate the number of repetitions
· How to define HARQ-ACK timing (HARQ-ACK repetition corresponding to PDSCH repetition vs. HARQ-ACK timing from the last PDSCH reception vs. early HARQ-ACK timing from the successful PDSCH reception)
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