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1. Introduction
In this contribution (revised from [1]) we provide our views on possible enhancements for preemption-based data multiplexing in DL. The need to address the issues arising with considered option for reference DL resource determination is discussed first. Then, we argue on appropriate HARQ operation in case preemption indication is configured. Finally, we discuss subsequent transmission mechanism to improve recovering of data impacted by preemption before ACK/NACK feedback.
Determination of reference DL resource for preemption
In RAN1#90bis meeting, the following were agreed regarding RDR determination for preemption indication in DL [2]:
Agreements:
· The time duration of the reference downlink resource for pre-emption indication equals to the monitoring periodicity of the group-common DCI carrying the pre-emption indication 
· In TDD, at least the semi-statically configured UL symbols are excluded from the reference downlink resource
· Note: This means the reference downlink resource only includes the DL or unknown symbols given by semi-static configuration within the semi-statically configured time duration of the reference downlink resource.
· FFS for the handling of reserved resource especially at RE level
Agreements:
· No concensus to introduce an explicit RRC configuration for frequency region of the reference downlink resource for pre-emption indication in Rel-15
· (working assumption) the frequency region of the reference downlink resource for pre-emption indication is the active DL BWP
Agreements:
· A fixed payload size (excluding CRC and potential reserved bits) of the group-common DCI carrying the downlink pre-emption indication (PI), in the format of a bitmap is used to indicate preempted resources within the semi-statically configured DL reference resource
· The bitmap indicates for one or more frequency domain parts (N>=1) and/or one or more time domain parts (M>=1)
· There is no RRC configuration involved in determining the frequency or time-domain parts
· The following combinations are supported and predefined {M, N} = {14, 1}, {7, 2}
· A combination of {M,N} from this set of possible {M,N} is indicated 1bit by RRC configuration for a UE

Moreover, regarding BWP operation, the following was agreed In RAN1_AH_NR#3 meeting [3]:
Agreements:
· NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell
· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)

The two semi-static options currently considered have several issues:
RDR implicitly determined from active BWP
· When active BWPs of different UEs are different but partially overlapping:
1. It will not be possible for such UEs to share the same GC-DCI carrying preemption indication as they will have different understanding of RDR. Thus, it is not possible to group these UEs and separate GC-DCI for preemption indication needs to be sent per UE per slot. This, however, leads to higher utilization of GC-PDCCH resource but also essentially cancels the whole motivation for preemption indication to be carried by GC-DCI. 
1. A preemption indication has to be carried within the CORESET configured within the overlapping/shared frequency region among UEs’ active BWPs and semi-statically configured RDR. If this bandwidth is very narrow, there might be not enough group-common control resources to send the preemption indication.
RDR explicitly determined via RRC signaling:
· RDR is semi-statically configured but active BWP of UEs may change dynamically. Due to this fact:
a) (same as Option 2-b): if the overlapping BWP of UEs sharing a GC-DCI within an RDR is too narrow, there may not be sufficient resources to configure that GC-DCI’s CORESET.
1. If the semi-static configured RDR and the UEs’ shared BWP region are not aligned well, multiple preemption indications per UE (and thus, higher indication monitoring / complexity from UE) may be required to indicate preemptions within a time duration.
Figure 1 below provides an example to illustrate the above issues. Assuming that RDRs are configured semi-statically, in slot 1, two UEs’ active BWPs partially overlap and the shared BWP exactly matches RDR-3 region boundaries. Despite this full overlap, when a preemption happens on resources within RDR-2 and RDR-3, two preemption indications have to be sent; one for RDR-2 to notify UE#1 and another one for RDR-3 to notify both UE#1 and UE#2. At a next slot 2, the semi-statically configured RDR regions and the UE’s shared BWPs are not completely matching. In that case, the shared BWP of UE#1 and UE#3 within RDR-2 is too narrow to configure that GC-DCI’s CORESET. In some cases it might not be significant for UE to know about such a narrow preemption, however, this will not be true in case the time duration of the preemption is big. Also, in case the transmission is not robust enough, it is still possible that a small preemption can corrupt a significant part of the TB/CBG and the UE’s buffer used to combine HARQ retransmissions will be corrupted without knowledge of the preemption leading to more hopeless retransmissions and large delays.
One possible solution to the above would be for gNB to control grouping of some UEs for preemption indication, restrict BWP configuration/activation and/or avoid partial overlapping of different UEs’ BWPs. However, gNB should be relatively free to perform the above actions to improve system efficiency without having to consider what the semi-static RDR configuration is. For example, if a UE’s BWP is the whole CC BW (e.g. for high data rate), restrictions on gNB end would mean to group only with UEs having whole CC BW as active BWP. We see as a big constraint that this UE:
· cannot be grouped for preemption indication with UEs not using the whole BW, although it will always share a preemption experienced at these UEs.  
· cannot dynamically have its BWP adapted (e.g. reduced BWP for smart energy saving when DL traffic is relaxed, or for using different numerologies in FDM) only to not overlap with whole CC BWP of other UEs in the group.
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Figure 1 – Example of problems faced with Option 1 and Option 2 for reference DL resource determination.
A more effective solution would be to include a simple mechanism for adjusting a semi-statically configured RDR region according to a dynamic change of UEs active BWP overlapping region. For example, a BWP can consist of a small number of reference downlink regions, e.g. semi-statically configured by RRC, as in Figure 1 example. Then, one or two offset bits, e.g. by reusing bits in GC-DCI for preemption indication, can be used to adapt the RDR for a preemption indication by moving the configured RDR region up/down in frequency. Additionally, the width of the RDR frequency region could be adjusted to better cover an overlapping BWP region. Figure 2 illustrates the benefits of dynamically adjusting preconfigured RDR regions compared to the previous example scenario. In slot 2, each RDR for a pair of UEs (UE#1-UE#3, UE#1-UE#2) sharing a GC-DCI with preemption indication is adapted, lowering the chance of having a too narrow shared CORESET for GC-DCI carrying preemption indication within an RDR region. At the same time, the number of required PIs in each slot is halved.
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Figure 2 – Adjusting RDR to UEs’ overlapping active BWPs.
Proposal 1: For RDR (reference DL resource) frequency region determination RAN1 should consider to introduce some minimal  dynamic signalling for adjusting RDR frequency region in case of dynamic change on partially overlapping BWPs of UEs. 
Regarding the time duration of the RDR for preemption, it might be the case sometimes that there are not enough resources in CORESET of current monitoring period to send the preemption indication. In that case, it could also be considered to combine with minimal dynamic signalling in order to increase the time duration of a RDR.
HARQ-ACK feedback for preempted data
CBG-based (re)transmission has been supported in NR as a possible option to utilize multi-bit HARQ-ACK feedback per TB.  In DL, a UE can be configured to receive PDSCH transmissions that include CBG (re)transmissions of a TB. A number of CBGs is also configured to UE for generating respective HARQ-ACK information bits. The total number of HARQ-ACK feedback bits should not be much larger than the CBG size for reasonable UL signalling overhead. When CBG-level retransmission is configured, the most straightforward approach is to have one HARQ-ACK bit per CBG to denote ACK or NACK of the CBG as a whole. At least this basic HARQ-ACK composition has been agreed to be supported in NR in RAN1#90 meeting [4]:
Agreements:
· For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB
· HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s))
· At least followings are supported
· HARQ-ACK payload size is the same with the configured number of CBGs
· Each HARQ-ACK bit corresponds to each CBG
· FFS payload size reduction
· ACK is reported for a CBG if the same CBG has been successfully decoded
· FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs
However, HARQ operation with the aforementioned feedback cannot take into account the useful information from preemption indication when this is received at UE. It is possible that the CBG size configuration from gNB is a slow process and cannot adapt to e.g. the sporadic URLLC traffic. In that case, gNB will not be able to perfectly align URLLC transmissions with CBG configuration, leading often to partially punctured CBGs. In the example illustrated in Figure 3 below, NACK may be provided for partially punctured CBG-2 and CBG-3 although most of their included CBs might be decoded successfully at UE. The result is that, when even a single CB within a CBG is not decoded successfully due to preemption, HARQ-ACK feedback for a preempted CBG is a NACK even if the preemption is partial from the CBG point of view. At gNB, knowledge of successfully decoded information at UE will be highly inadequate, leading to e.g. significant impact in DL throughput, especially when CBG size is configured to be relatively high. Another advantage could be the reduction of DL control signalling: gNB can indicate to UE the CBGs whose feedback is expected. In that case, knowledge that UE decoding has failed only on punctured area can help gNB generate a low size feedback indication.
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Figure 3 – Example of partially punctured CBGs.
One approach for preemption-aware HARQ-ACK feedback would be for UE to be configured to generate 2-bits for every CBG that is partially punctured in order to provide gNB with more information regarding to which CBs were received with correctly checked CRCs within those CBGs. For example, with 2-bits per partially punctured CBG, UE may notify the gNB if there was correct decoding within the CBG of: all the CBs, the group of non-punctured CBs and/or the group of partially punctured CBs (see Figure 4). To keep UL control signalling low, for unaffected or fully punctured CBGs, only 1-bit can be used for ACK/NACK. 
Another approach could be for UE to still generate 1-bit for each CBG, but ACK can be repurposed to refer only to unaffected CBs within a partially punctured CBG. Since it would be very complicated for gNB to estimate a-priori if a partially punctured CB can be decoded at UE, ACK can be simply repurposed to refer to the unaffected area.  Compared to the 2-bit approach above, there is lower UL control signalling overhead which can be significant in cases where e.g. eMBB TBs consist of few CBGs or URLLC traffic is heavy (although, preemption-based service multiplexing is considered to apply to sporadic URLLC traffic). The disadvantage of the 1-bit alternative is that it is necessary for gNB to assume all the CBs associated with the punctured area erroneously decoded at UE even if they are not.  This can lead to DL data throughput loss which can be considerable for example in case the partially punctured CBG consists of a few (or even just one in extreme case) robustly transmitted CBs.  
Generally, preemption-aware feedback generation at UE could be explicitly configured by gNB or implicitly, upon configuration of preemption indication. 
Proposal 2: When preemption indication is configured or received at UE, the UE should be able to generate HARQ-ACK feedback per partially punctured CBG, based on CB-level CRCs of unaffected CBs.
An issue arising in the approaches described above is that gNB cannot be certain if UE generated HARQ-ACK feedback based on knowledge of puncturing; the preemption indication may be missed. It is generally expected that the preemption indication transmission via DCI will be designed to be quite robust.  However, if the UE fails to receive it there will be a misunderstanding of HARQ-ACK feedback. In order to avoid this misunderstanding, a preemption indication confirmation mechanism can be introduced. An indication by UE in UL may for example notify gNB if UE has received correctly the preemption indication.  
Preemption indication receipt confirmation may for example be separately coded within UCI bits. One solution would be to split HARQ-ACK feedback in two steps and send the confirmation within the first step while at the second step the actual HARQ-ACK feedback bits are received and decoded at gNB. An alternative solution may be that preemption indication receipt confirmation is sent to gNB via implicit signalling.  For example a different PUCCH format, PUCCH resource, or scrambling of the UCI bits may be used to denote if the HARQ-ACK feedback has been constructed by the UE considering a received preemption indication or not. Figure 4 below illustrates an example where preemption indication confirmation receipt is used in conjunction with the 2-bit per-CBG HARQ-ACK feedback approach. 
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Figure 4 – Preemption-aware HARQ-ACK feedback with 2-bits per partially punctured CBG and preemption indication confirmation receipt.
Proposal 3: In case preemption-aware feedback is generated at UE, consider the use of a preemption indication confirmation signalling in UL to avoid HARQ-ACK feedback misunderstanding between UE and gNB.
Transmission of preempted data before ACK/NACK
When preempted data needs to be retransmitted, gNB will have to decide which resources to schedule and how to indicate this to the victim UE. gNB can wait for a NACK response from UE and then use UE-specific DCI of next available scheduling unit to arrange the retransmission. This approach ensures that retransmission of resources occurs only when necessary and may burden less the DL throughput performance.  However, delay may be introduced to the successful decoding of a punctured TB (or CBG) which cannot be reconstructed correctly just by using the preemption indication. 
The performance degradation of preempted transmissions can be improved by using a preemption indication in conjunction with subsequent transmission of the preempted resources, i.e. a (re)transmission of preempted data before corresponding HARQ feedback. According to the scheduler capability and possibly load, UE could be advised to expect such subsequent transmission and monitor the respective scheduling DCI. Since gNB has deeper knowledge of expected data corruptions due to preemption (e.g. ratio of preempted resources, channel quality, MCS used) there will be cases where an unsuccessful UE decoding can be predicted with high probability. In that case, subsequent transmission can be beneficial in terms of reduced delay and UL signalling.
[image: ]
Figure 5 – Subsequent transmission of preempted data.
It is important that the scheduling procedure for subsequent transmission is kept as efficient as possible in terms of overhead and scheduling complexity introduced.  Keeping full flexibility on resource allocation of subsequent transmissions will incur significant signalling overhead as well as control channel decoding complexity at victim UE, especially when amount of such transmissions is large. Therefore, instead of adopting CBG-based retransmission, it would be beneficial to have pre-configured regions within e.g. eMBB resource to potentially allocate subsequent transmissions. The victim UE will just need to know if a pre-configured region is enabled (and contains partial information for a previously received TB) or not (and contains new data). In addition, a method for one-to-one mapping of URLLC regions to subsequent transmission regions could provide an efficient way of scheduling implicitly the resources to be used. For example, in case of joint coding of frequency and time signalling for preemption as suggested in Section 2, it will be possible to use a single index for mapping preempted region B to subsequent transmission region C as shown in Figure 2. Such pre-configured regions, considered by gNB scheduler, could also ensure that subsequent transmissions of punctured data cannot be corrupted again by future URLLC transmissions saving from additional delay and waste of e.g. eMBB resources. 
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Figure 6 – Pre-configured subsequent transmission.
Proposal 4: Mechanisms to support efficient scheduling of subsequent transmission of preempted data before HARQ ack/nack should be considered.
2. Conclusions 
In this contribution, we provided some thoughts on aspects of preemption-based dynamic resource sharing between eMBB and URLLC in DL that need to be enhanced. The following are proposed:
Proposal 1: For RDR (reference DL resource) frequency region determination RAN1 should consider to introduce some minimal  dynamic signalling for adjusting RDR frequency region in case of dynamic change on partially overlapping BWPs of UEs. 
Proposal 2: When preemption indication is configured or received at UE, the UE should be able to generate HARQ-ACK feedback per partially punctured CBG, based on CB-level CRCs of unaffected CBs.
Proposal 3: In case preemption-aware feedback is generated at UE, consider the use of a preemption indication confirmation signalling in UL to avoid HARQ-ACK feedback misunderstanding between UE and gNB.
Proposal 4: Mechanisms to support efficient scheduling of subsequent transmission of preempted data before HARQ ack/nack should be considered.
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