
3GPP TSG RAN WG1 Meeting #98bis
R1-1911038
Chongqing, China, October 14th – 20th, 2019
Agenda item:
7.2.6.4
Source: 
Motorola Mobility, Lenovo
Title: 
Discussion on out-of-order scheduling and HARQ
Document for:
Discussion 
1 Introduction
During RAN1#97 meeting, RAN1 made the following conclusion regarding out of order scheduling and HARQ operation for URLLC [1]: 

Conclusion:
Study further whether/how to support the following scenarios for the handling of two unicast PDSCHs:

1. When different DL processing times are associated with different PDSCHs on the same serving cell, and the two PDSCHs are non-overlapping.

· Note: The PDSCH-to-PUCCHs can be out-of-order or in-order.

· Note: The solution(s) should address the UE processing pipelining issue.
· Two PDSCHs follow DL processing timing capability #1 and #2, respectively, on the same serving cell.
· FFS if any different solutions are necessary to address different scenarios when the above condition occurs 

2. When the same DL processing time is configured on the same serving cell, and the two PDSCHs are non-overlapping, and the PDSCH-to-PUCCHs are out of order.

· Note: There is no UE processing pipelining issue.

· Note: the in-order PDSCH-to-PUCCHs are already handled in Rel-15.

3. The two unicast PDSCHs are overlapping at least in the time domain, regardless of whether the same or different DL processing times is configured on the same serving cell.

· Note: The solution(s) should address the UE processing pipelining issue in this case.

This document presents methods for a UE to handle two overlapping or non-overlapping unicast PDSCHs of different priorities at a given time, mainly focusing on delaying and skipping of a low priority PDSCH. This document is updated from R1-1909155.
2 Delayed HARQ-ACK feedback 
In this section, we discuss a method for a UE to delay decoding an earlier starting PDSCH of a low priority and to delay transmitting corresponding HARQ-ACK information. 

When handling more than one unicast PDSCH at a given time (for overlapping or non-overlapping unicast PDSCHs), UE processing pipelining (i.e. one processing block is used for processing of one physical channel at a time) needs to be maintained. In order to guarantee UE processing pipelining, the UE may have to buffer received symbols of a PDSCH (and/or the demodulated data, i.e. LLRs) and/or corresponding HARQ-ACK information and also postpone decoding of the received PDSCH and/or transmission of HARQ-ACK feedback. If the UE postpones decoding the received PDSCH and/or delays transmitting the corresponding HARQ-ACK information compared to originally indicated HARQ-ACK transmission time in order to process a later received PDSCH with higher priority, a new PUCCH resource may need to be provided to the UE for delayed HARQ-ACK feedback transmission. 
If a UE receives a first PDSCH and indication of two PUCCH resources for HARQ-ACK feedback of the first PDSCH and also receives a second PDSCH, where the first PDSCH of the low priority starts earlier than the second PDSCH of a high priority, the UE may decide whether to delay HARQ-ACK feedback of the first PDSCH for processing of the second PDSCH. If deciding not to delay the HARQ-ACK feedback of the first PDSCH, the UE would transmit HARQ-ACK information of the first PDSCH on an earlier PUCCH resource. If deciding to delay the HARQ-ACK feedback of the first PDSCH, the UE would transmit the HARQ-ACK information of the first PDSCH on a later PUCCH resource, as illustrated in Figure 1. A straightforward decision criterion to delay decoding of the first PDSCH is that the UE receives the indication of two PUCCH resources for HARQ-ACK feedback of the first PDSCH. Depending on the number of indicated PUCCH resources, the UE can decide whether to delay or skip decoding of the first PDSCH (or if the UE is capable, process both PDSCHs without delaying). It should be noted that making a decision on whether to delay or skipping decoding of the first PDSCH is not involved with any additional processing delay compared to decoding of two PDCCHs scheduling the first PDSCH and the second PDSCH, respectively. 
If the UE would transmit the HARQ-ACK information of the first PDSCH on the later PUCCH resource and would also transmit HARQ-ACK information excluding the HARQ-ACK information of the first PDSCH on the earlier PUCCH resource, the UE may maintain an original size of HARQ-ACK codebook for the earlier PUCCH resource, taking into account a HARQ-ACK bit field associated with the first PDSCH. In the HARQ-ACK codebook of the earlier PUCCH (e.g. PUCCH1 in Figure 1), the UE may set a HARQ-ACK bit field(s) associated with the first PDSCH as a known value(s), e.g. NACK. In the HARQ-ACK codebook of the later PUCCH (e.g. PUCCH2 in Figure 1), the UE may include the HARQ-ACK information bit(s) of the first PDSCH at the end of the HARQ-ACK codebook of the later PUCCH (e.g. PUCCH2). 

[image: image1.emf] 

HARQ-ACK feedback timing

Original HARQ-ACK feedback timing

Delayed HARQ-ACK feedback timing

PDSCH1 PDSCH2

PUCCH 1 PUCCH 2 PUCCH 3


Figure 1 An example scenario for handling two unicast PDSCHs. 
Proposal 1: Support indicating two PUCCH resources for HARQ-ACK feedback of a PDSCH to allow a UE to delay PDSCH decoding and HARQ-ACK transmission.
3 Skipping of PDSCH decoding 
In this section, we discuss a method for a UE to skip decoding a first PDSCH in order to process a second PDSCH, where the first PDSCH of a low priority starts earlier than the second PDSCH of a high priority. 

If a UE is not provided an additional PUCCH resource for delayed HARQ-ACK feedback and if the UE is not capable of handling both PDSCHs simultaneously, the physical layer of the UE may not to attempt to decode received data (e.g. LLRs of channel bits). If the UE decides to skip decoding of the first PDSCH and has not processed much the received OFDM symbols of the first PDSCH for demodulation, the UE may treat the DCI of the first PDSCH as a missed or invalid DCI format and not update the soft buffer. Alternatively, if the UE has already generated useful/meaningful LLRs for some or all of channel bits (even though UE does not proceed decoding), then it may be better to use them later for decoding of a re-transmitted transport block rather than completely discarding them. Thus, whether to update the soft buffer for the first PDSCH that the UE skips decoding can be left up to UE implementation. 
Proposal 2: Whether to update a soft buffer for a PDSCH that a UE skips decoding is left up to UE implementation.    
4 Conclusion
In summary, we propose the followings for handling of two unicast PDSCHs of different priorities at a given time:

· Proposal 1: Support indicating two PUCCH resources for HARQ-ACK feedback of a PDSCH to allow a UE to delay PDSCH decoding and HARQ-ACK transmission.

· Proposal 2: Whether to update a soft buffer for a PDSCH that a UE skips decoding is left up to UE implementation.    
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