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1. Introduction
In RAN1#90 meeting, the following were agreed regarding the indication for preemption-based multiplexing of data in DL [1]:
Agreements:
· Preempted resource(s) within a certain time/frequency region (i.e. reference downlink resource) within the periodicity to monitor group common DCI for pre-emption indication, is indicated by the group common DCI carrying the preemption indication
· The frequency region of the reference downlink resource is configured semi-statically
· FFS: explicit signaling or implicitly derived by other RRC signalling
· The time region of the reference downlink resource is configured semi-statically 
· FFS: explicit signaling or implicitly derived by other RRC signalling
· The frequency granularity of pre-emption indication is configured to be y RBs within the reference downlink resource for the given numerology
· FFS: explicit signaling or implicitly derived by other RRC signalling
· Note: The y RBs can correspond to the whole frequency region of the downlink reference resource.
· The time granularity of pre-emption indication is configured to be x symbols within the reference downlink resource for the given numerology
· FFS: explicit signaling or implicitly derived by other RRC signalling
· Note: Time/frequency granularities of pre-emption indication should take into account the payload size of the group common DCI carrying the pre-emption indication
At the same meeting, the following were agreed regarding CBG-level HARQ-ACK feedback:
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
In this contribution we provide our views on remaining topics for preemption-based data multiplexing. Signalling and UE behaviour details related to the preemption indication in downlink are first discussed. Then, we argue on appropriate HARQ operation in case preemption indication is configured. We finally discuss subsequent transmission mechanism to improve recovering of data impacted by preemption before ACK/NACK feedback.
Preemption indication
The performance degradation of punctured transmission in downlink can be contained by obtaining indication at victim UE regarding the shorter transmission overlapping its resources. For this reason the use of such indication has been supported. Furthermore, it was supported in RAN1#88 that this preemption indication can be dynamically signalled to the victim UE. Such explicit indication minimises the complexity imposed on victim UE. In RAN1#AH_NR2, it was agreed that a resource-based preemption indication is based on a group common DCI. The resource-based indication may provide the possibility to recover preempted data before ACK/NACK feedback is generated at UE. At the same time, when the resource-based preemption indication is not configured, it has been agreed that gNB may still point out preemption to UE by using UE-specific DCI to denote old CBGs that need to be e.g. wholly or partially flushed, i.e. a CBG-based preemption indication. However, the CBG-based indication cannot be used to increase the likelihood of successful demodulation and decoding of the TB based only on the initial transmission.
There are several remaining details regarding the resource-based preemption indication that have to be determined. On earlier discussions, several opinions were presented regarding the types of information to be indicated, when and where to indicate. It would be useful to consider these aspects together in order to design a solution that will neither impose great difficulties for implementation (e.g., high GC-PDCCH overhead, stressing UE and scheduler capabilities) nor exclude possible future enhancements (e.g. enriched indication for improved data recovery from preemption).
Time/frequency granularity
GC-PDCCH may need to carry, together with SFI and preemption indication, additional information about e.g. data starting position and duration, group TPC commands and group ACK/NACK. It is expected that the granularity on any of these information will be configurable by higher layer to be able to adapt on wanted scenario operation. However, the design of each content on that DCI should be made considering the reduction of required signalling. For that reason, one can consider a design for joint coding of frequency and time signalling together. For example, considering that 10 possible time locations (e.g. symbols) and 6 possible frequency locations (e.g. RBGs or subbands with a given numerology) have been configured by gNB, if coded separately, there will be a need of 4+3=7 bits indication. However, if jointly coded, only log2(16)= 4 bits are needed for preemption indication which is a significant save, especially considering that preemption indications may need to be carried within a small GC-DCI of sub-10 bits. 
Proposal 1: Consider joint coding of frequency and time signalling for preemption to reduce the indication’s overhead.
Other preemption-related content
In addition to location of preemption, other information can be included in the indication. For example, in case the indication is carried by a DCI located in a later slot from where preemption happened, a field in the indicator should identify e.g. the number of slots in between. Also, in previous RAN1 meetings it has been agreed that preemption indication may be used to improve victim UE’s ability to demodulate and decode its punctured data based on subsequent retransmissions of the punctured TB. Generally, gNB will have a better overview of the system, e.g. of downlink channel quality, URLLC traffic, number of punctures within a UE’s TB, HARQ-ACK timeline etc. Therefore, gNB could decide to retransmit the corrupted data without waiting a HARQ response. In case of such a subsequent transmission, preemption indication could include relevant information to help victim UE to improve its operation, such as: 
· Indication whether a subsequent transmission will follow. In that case, UE can for example have its HARQ-ACK timeline postponed and save on UL signalling resources when TB can be recovered by using the subsequent transmission. Since NR already supports asynchronous HARQ operation, subsequent transmission could indicate a new HARQ timing if needed.
· Scheduling information. Instead of using a UE-specific DCI for scheduling subsequent retransmission, such scheduling information could be combined with the preemption indication. With pre-configured resources for subsequent transmission (as discussed in Section 3) DL control signalling can be reduced while at the same time it will be possible for victim UE to receive the preempted part faster.
Considering the above, it should be possible to carry the indication within a GC-DCI format of large payload size when such fields with additional information are configured.
Proposal 2: Preemption indication may be carried by a small or a large payload size GC-DCI format.
Monitoring interval and CORESET configuration
Short transmissions preempting longer ones are expected to be of sporadic nature (e.g. URLLC). In that case, it is difficult for gNB (and eventually UE) to predict an average interval for monitoring the group common DCI carrying preemption indication. At the same time, preemption indication should be provided to UE relatively fast after preemption (e.g. at the end of the same slot or within the next couple slots), so as to not mandate large buffering requirements for UE. Considering the above, the rate of monitoring for GC-DCI carrying preemption indication could be configurable, but within a relatively low max limit in order to match the validity duration of preemption indication. On the UE end, multiple blind decoding attempts should be performed at every configured monitoring interval. It was agreed in previous RAN1 meeting that UE is configured with a CORESET to monitor GC-PDCCH. Given a high frequency of monitoring, it would be desirable to configure a relatively small search space with low number of ALs and PDCCH candidates carrying preemption indication in order to keep the added complexity level low at UE.
Using indication before and after HARQ
If preemption indication is received early enough at UE, so as UE has enough time to use it for decoding impacted CBs before HARQ-ACK feedback generation timing, retransmissions can be reduced. UE can null the respective LLR values and try to recover as many partially punctured CBs as possible. There can be significant performance gain in that case, especially at high MCS when retransmission is not expected. Also CBGFI may be deemed obsolete, leading to reduced DCI payload. If the preemption indication is received late, UE can still use it to improve its soft combining with retransmission.  For preempted resources, however, the respective e.g. LLR values carry no useful information and just ARQ (e.g. nulling out LLRs) is better to use instead.
Preemption-aware HARQ-ACK feedback
In NR, it has been supported to dynamically multiplex data with different transmission duration on the same resource via preemption of the longer transmission in DL. In that case, it is also possible to configure a preemption indication to be dynamically signalled to e.g. eMBB UE, indicating the region of impacted resources. If preemption indication is not configured, a CBG flushing out information (CBGFI) carried by DCI on CBG-based retransmission may be used to denote to UE preempted CBGs that need to be e.g. wholly or partially flushed.
Preemption indication has been agreed to be carried by GC-PDCCH; if it is received early enough at UE, so as UE has enough time to use it for decoding impacted CBs before HARQ-ACK feedback generation timing, retransmissions can be reduced. If received late, or if CBG-based indication is used instead, UE can improve its soft combining with retransmission.  For preempted resources, the respective LLR values carry no useful information and just ARQ (e.g. nulling out LLRs) is better to use instead if preemption is known to UE.
Furthermore, 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 last RAN1 meeting. 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 hence, 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 1 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, as discussed in our companion contribution [2]. 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 1 – Example of partially punctured CBGs.
Observation 1: In NR, when data is preempted, CBGs may often be partially punctured. 
Proposal 3: HARQ-ACK feedback should take into account the preemption indication when configured.
HARQ-ACK feedback generation
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 2). 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 4: 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.
It is also envisaged that when CBG-based retransmission is configured, TB-level HARQ-ACK feedback is also possible. A potential option could be to provide a 1-bit TB-level HARQ-ACK feedback using a separate field of HARQ-ACK feedback as described for preemption indication receipt confirmation above. Upon decoding, it could be possible with this approach to indicate to gNB if a CBG- or TB- level ACK/NACK has been provided within the UCI, giving more flexibility on the use resources for UCI. An alternative possibility could be to use different PUCCH format, PUCCH resource, scrambling of the UCI bits or CRC.
gNB-UE common understanding
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 2 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 2 – Preemption-aware HARQ-ACK feedback with 2-bits per partially punctured CBG and preemption indication confirmation receipt.
Proposal 5: 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.
There is of course another option to generate preemption-aware feedback by using a predetermined number of extra ACK/NACK bits to denote decoding status of partially punctured CBGs at UE. In that case, control overhead is always increased, even if no actual puncturing occurs, but no extra mechanism is required to tackle gNB-UE misunderstanding on HARQ-ACK feedback.
HARQ retransmission
With preemption-aware HARQ-ACK feedback, gNB can obtain a clearer picture of UE’s decoding outcome and respective HARQ retransmission can be adopted to improve DL performance. It is possible to take such advantage by retransmissions with finer level that the CBG-level of the initial transmission while maintaining the CBG-based retransmission operation; for example, by regrouping CBGs before retransmission.  After ACK/NACK feedback on CBs indicated as punctured due to URLLC preemption, gNB could reconfigure CBGs (e.g. via the DCI scheduling of the retransmission) to retransmit foer example CBGs comprising only NACK’ed punctured CBs. 
A working assumption was made in RAN1#NR_AH2 that for initial transmission and retransmission, each CBG of a TB has the same set of CB(s). If this is agreed, a CBG-based retransmission with increased robustness could be employed instead. In that case, for retransmission of a partially punctured CBG, gNB could only include in the respective transmission resources the CBs that are actually punctured. Therefore, it could be possible to use fewer resources for retransmission or even spread the CBs on the retransmission resources to make the retransmission more robust. When gNB and UE have common understanding of what will be retransmitted, UE will perform HARQ combining respectively, i.e. only for the partially punctured CBs, using for example the knowledge from preemption indication and stored information from initial transmission in its soft buffer.
Alternatively, resource/CB-based retransmission can be considered to make the most of the finer than CBG-level HARQ feedback [3].  In that case, the retransmission may only include for example preempted resources, as these are indicated by preemption indication.  Otherwise, both gNB and UE can be aware of exactly which CBs within a CBG have been punctured, and retransmit just those CBs.
Subsequent transmission
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 [4]. 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.
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Figure 1 – 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 2 – Pre-configured subsequent transmission.
Proposal 6: Mechanisms to support subsequent transmission in case of preemption should be considered.
Finally, it is expected that CBs will be mapped frequency-first onto physical resources to facilitate pipeline processing while it is not precluded for CBs to span multiple symbols. Therefore, it is expected for CBGs to be mapped consecutively in time onto physical f/t resources. In case of preemption, this means that when CBG size configuration cannot adapt to preemption regions (e.g. in case of sporadic URLLC traffic) CBGs can be partially punctured. Under such circumstances, instead of CBG-level retransmission it could be more efficient to only retransmit the impacted resources (e.g. symbols, PRBs, CBs) or the impacted region considering the preemption indication granularity [5].
[bookmark: _GoBack]Proposal 7: Retransmission at a resource-level based on preemption should be supported.
2. Conclusions 
In this contribution, we provided some thoughts on remaining aspects of preemption-based dynamic resource sharing between eMBB and URLLC in DL.
For efficient preemption indication, the following was proposed:
Proposal 1: Consider joint coding of frequency and time signalling for preemption to reduce the indication’s overhead.
Proposal 2: Preemption indication may be carried by a small or a large payload size GC-DCI format.
For effective HARQ operation to take advantage of the knowledge received from preemption indication in DL, the following observations and proposals were made:
Observation 1: In NR, when data is preempted, CBGs may often be partially punctured. 
Proposal 3: HARQ-ACK feedback should take into account the preemption indication when configured.
Proposal 4: 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 5: 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.
To improve recovering of preempted data before ACK/NACK feedback, the following was proposed:
Proposal 6: Mechanisms to support subsequent transmission in case of preemption should be considered.
Proposal 7: Retransmission at a resource-level based on preemption should be supported.
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