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Discussion and Decision
1
Introduction
Dynamic multiplexing between eMBB and URLLC traffic in the DL has been well specified so far in Rel-15 standards. However, how to multiplex various traffic in UL is still open. The “SID on Physical Layer Enhancements for NR URLLC” (RP-181477), include the following objectives (among others):

· Enhanced multiplexing considering different latency and reliability requirements (RAN1): UL inter UE Tx prioritization/multiplexing 
The following was agreed at RAN WG1 AH#1901:
Capture the following in TR 38.824 section 7.2.1 “UE UL cancelation mechanisms”: 
UE UL cancelation mechanism is considered as one potential enhancement for UL inter-UE Tx prioritization/multiplexing. Either PDCCH or sequence can be considered as potential options for the UL cancelation indication. If PDCCH is used, either group common DCI or UE-specific DCI can be considered as potential options. If sequence is used, either group common sequence or UE-specific sequence can be considered. The monitoring periodicity for the UL cancelation indication should be configurable by the gNB and UE supporting UL cancelation indication should be able to support more than one monitoring occasions for the UL cancelation indication in a slot. If PDCCH is used, whether the UE PDCCH monitoring capability (number of CCEs/BDs per slot) should be increased is to be further investigated. The UE processing time for UL cancelation indication should be equal or shorter than N2 defined in Rel-15 UE capability#2. Upon detecting an UL cancelation indication, UE cancels the corresponding UL transmission. The corresponding UL transmission may include an on-going UL transmission, or an UL transmission that has not been started. After cancelation, the UE may resume the transmission afterwards as one option, or may not resume the transmission afterwards as another option.
Given the above outcome from the last RAN1 meeting, we present further components for the uplink preemption solution in the following section. We do not repeat the background, details and performance results that we presented in R1-1900931 (Jan-2019). See also more background information in the Feature-lead summaries in R1-1901285, R1-1901407 and R1-1901457.
2
Refinement of uplink cancelation solution
In the following, we present proposals related to different dimensions of the uplink preemption solution.
Basic configuration of uplink preemption:

To leverage the tradeoffs between performance benefits and potential complexity/power consumption, it should be possible for the network to configure (certain) UEs to monitor for uplink preemption indication messages. The network has the information (e.g. carried traffic in the cell and corresponding QoS requirements) to decide when it makes sense to instruct (e.g. eMBB) UEs to start monitoring for uplink preemption. This is already captured by the approved text proposal to TR by having the monitoring occasions configurable for the UE explicitly mentioned there. 
In addition, we would like to note here that the UE would not constantly need to monitor for the preemption indication, as preemption could only apply if also being (dynamically or semi-statically) scheduled with PUSCH transmission. It is therefore proposed to enhance the text proposal for TR 38.824, Section 7.2.1, to include the following:
· Proposal 1: UEs configured to monitor for uplink preemption indications, may only monitor for such signaling during the time from receiving the UL grant until the end of the PUSCH transmission.
Pure suspend versus suspend and resume:

The simplest option for uplink preemption indication would be for the UE to fully suspend its ongoing uplink transmission upon receiving such a message. However, a more complete solution would be to have the UE only mute its ongoing uplink transmission for the short time period where e.g. a short URLLC transmission from another UE is happening. Take the example where an eMBB is scheduled with a TTI size corresponding to one slot of 14 symbols, and a URLLC UE that is scheduled with a 2-symbol mini-slot. If the uplink preemption takes place at the last two symbols of the eMBB transmission, it obviously makes no difference whether “resume” is included or not. However, if the uplink preemption takes place soon after the start or middle of the eMBB transmission, having the “resume” makes a difference. As an example, let’s consider the case where uplink preemption indication is signaled to an eMBB UE for symbols 3 and 4, then with “suspend and resume” the gNB would still receive symbols 0-2 and 5-13 of the eMBB transmission, while with only “suspend” the gNB would receive only symbols 0-2 of the scheduled 14-symbol slot TTI transmission, and therefore fail in decoding the preempted transmission. But, for the case with “suspend and resume”, only 2 out of 14-symbols (one slot) are muted, which means that the gNB may still be able to correctly receive the transmission. Hence, with “suspend and resume” we reduce the probability of an uplink preemption event triggering a HARQ retransmission for the preempted transmission. This benefit is worth harvesting, given that including “suspend and resume”, as compared to only “suspend”, represent marginal overhead / complexity.
· Proposal 2: In addition to indicating the PUSCH suspend, the uplink preemption indication message can also indicate the duration of the suspend / start of resume operation. 
2.1 Means of signalling uplink pre-emption
The current agreed text for the TR mentioned group common (GC) and UE-specific DCI/PDCCH as well as GC or UE-specific sequence based signaling solutions. 

For the sequence-based solutions, uplink preemption (suspend) is indicated if this sequence is detected. The absence of this sequence indicates no uplink pre-emption. This solution may be realized as a sequence similar to e.g. a Wake-Up Signal (WUS). This solution supports “suspend” in its simplest form of single-bit indication for a UE to stop its transmission. But, it does not allow to indicate which time-frequency resources to mute of an ongoing scheduled transmission. Hence, the sequence-based solution does not easily support uplink preemption indication that includes both suspend and resume. The advantage though, is potentially lighter UE processing with no impact on PDCCH BDs/CCEs. On the other hand, this requires the specification of an uplink preemption sequence monitoring occasion as well as some resource mapping where the UE would monitor for the sequence. It also creates more resource fragmentation in the system because the resources for the sequences need to be separately allocated, instead of being part of the regular search space/CORESET. Besides the higher expected specification effort of this solution compared to DCI based solutions, the missing flexibility in terms of indicating the exact timing of suspend and the ability to indicate resume is seen as the major drawback. 
· Observation: Sequence based indication of dynamic uplink preemption requires higher specification effort, has limited flexibility for the network to indicate the exact timing of suspend and does not easily support resume indication. 
Therefore, we suggest the uplink preemption indication to be based on PDCCH/DCI signaling. 

The idea behind GC PDCCH for uplink preemption indication is in line with the corresponding downlink solution for signaling of interrupted DL transmission indication. It offers a compact method for signaling of uplink preemption indication. It allows including information on which time(-frequency) resources to suspend the uplink transmission. In Figure 1, we show the intended operation for two cases, where the gNB in the first case (a) informs the UE when to suspend its transmission and when to resume and in (b) the case where the gNB indicates the timing of the suspend but indicates the UE to not resume its transmission. The additional overhead from including also the resume is rated to be marginal.
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Figure 1: (a) GC-DCI indicating suspend and resume; (b) GC-DCI indicates suspend but not to resume.
For UE-specific DCI / PDCCH for uplink preemption indication, two different operation modes have been identified based on other companies’ contributions:

· Option 1: UE-specific DCI is used to both indicate uplink preemption (suspend) and potential resume of the suspended PUSCH transmission. The difference between UE-specific DCI Option 1 and GC-PDCCH signaling is only the signaling method of the suspend and resume signaling and therefore the operation of Fig. 1 is applicable by just replacing GC-DCI with UE-specific DCI. The same flexibility is provided but in case more than one UE is to be signaled the required PUSCH preemption, the DL control overhead will be larger than if using GC-PDCCH for the same purpose. 
· Option 2: UE-specific DCI is used to both indicate uplink preemption (suspend) and scheduling of the corresponding uplink HARQ retransmission using legacy UL grants. The UE interprets an uplink scheduling grant for a HARQ process where the UE have an ongoing transmission as “uplink suspend + sending HARQ retransmission” in case of a temporal overlap of the initial scheduled PUSCH and the scheduled re-Tx PUSCH. The timing of the suspend is not indicated implicitly and therefore, the alternatives for the suspend timing are either as soon as the UE decoded the respective uplink grant (but latest given by N2) or defined by N2 directly. Therefore, the timing of suspend is directly related to the timing of the new UL re-transmission grant and therefore, the UE may suspend earlier than required considering the overlapping URLLC PUSCH as shown in Figure 2. 
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Fig. 2: Option 2 - UE-specific uplink preemption indication based on a new (overlapping) UL grant. 

This operation (Option 2) has another problem. If the suspension is towards the end of a PUSCH transmission, it is not possible for the re-transmission UL grant to indicate resources that overlap with the previous PUSCH transmission, which means Option 2 does not work for this case. However, we cannot simply extend the implicit preemption indication operation to also cover the re-transmission UL grant indicating non-overlapping resources. There may be valid cases like this without involving UL preemption. For example, RAN1 also discussed to support UL re-transmission through an uplink grant indicating a PUSCH transmission immediately following the previous PUSCH transmission (i.e. Option 3 for cross-slot boundary operation). Then it becomes impossible for the UE to determine the suspension based on the implicit timing as shown in Figure 3. Therefore, we think that explicit indication of the timing of suspension and resuming is needed. 
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Fig. 3: New UL grant scheduling re-transmission following the initially scheduled PUSCH: Suspend or not?

· Option 3: A UE-specific DCI is used to indicate the suspension of the ongoing transmission to the UE (including the explicit timing of the suspension). The potential resuming by means of a new, independent UL grant needs to be issued independently. This is shown in Fig. 4, where the UE-specific preemption DCI is denoted with UE-DCI. 
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Fig. 4: Option 3 - UE-specific DCI to indicate the eMBB PUSCH suspension and independent UL grant to indicate the re-transmission. 
Comparing now the options laid out using PDCCH signaling, the different options have their own pros and cons: 
· GC PDCCH/DCI signaling provides compact, low overhead signaling to indicate the exact timing of suspend and resume of the initial transmission (incl. signaling to not resume). Adaptations of DCI Format 2-1 or a new DCI format will be needed (specs impact).

· UE-specific DCI Option 1 indicating the exact timing of suspend and resume of the initial transmission (incl. signaling to not resume) provides the same flexibility as with GC PDCCH signaling but with higher DL control overhead for a serving cell. New interpretation of the existing fields in DCI Formats 0_0/0_1 or a new DCI format will be needed (specs impact). As no advantages but only drawbacks compared to GC PDCCH/DCI signaling are identified, this option is not considered further. 
· UE-specific re-transmission grant used for implicit resume signaling provides the option to schedule a re-transmission of the suspended transmission (UE-specific Option 2). The suspension is implicitly derived by the timing of the UL grant reception but the rules for the suspension need to be defined (specs impact). Some issues with the rules mentioned by other companies’ contributions (i.e. non-overlap with initial transmission) have been identified. 

· Combination of UE-specific DCI for suspend signaling and UL grant re-transmission signaling (UE-specific Option 3), has the highest DL control overhead of the three options (2 DCIs needed for each UE in case resume is intended). Especially, it is very inefficient to use UE-specific DCI just for the matter of indication the suspension where also GC-DCI could be basically used for the same purpose to indicate the suspend message to several UEs. The interpretation of the fields of UL grants to indicate suspension needs clarification (specs impact). 
Looking at the analysis above, one could also consider (a) the combination of GC-DCI signaling for suspend and resume of the initial transmission – and (b) if the gNB decides not to resume the transmission of the initial eMBB PUSCH transmission, apply an UL grant to schedule the re-transmission potentially already before the end of the first scheduled / pre-empted PUSCH. This is illustrated in Figure 5 (a) and (b) below. 
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Figure 5: Enable combination of GC-DCI for pre-emption signaling and UL grant-based re-Tx.

 
This combination provides the low(est)-overhead GC-DCI for suspend & resume operation of the initial PDSCH shown in Fig. 5a. If the gNB intends not to resume the initial transmission but prefers to schedule a re-transmission of the full TB, the GC-DCI is used to indicate to suspend the transmission at the indicated time and an UL grant can be used to schedule a re-transmission (starting before the end of the initial eMBB PUSCH as shown in Fig. 5b or later). The possible operation of Fig. 5b compared to Option 2 UE-specific grant only is given by the ability to explicitly indicate the timing of the suspending (and if to resume as to solve the problem illustrated in Fig. 3) by GC-DCI signaling. Compared to UE-specific DCI operation of Option 3, the combination of GC and UE-specific DCI provides clearly lower overhead of the suspend signaling (as noted above) and in addition provides the option for the gNB to instruct the UE to simply resume the initial transmission without the need for an additional UL grant. 
Given the discussion above, we propose to have uplink preemption indication standardized using group common DCI signaling. That solution offers the possibility to efficiently inform affected UEs when to suspend its transmission and whether/when to resume the transmission of the eMBB PUSCH transmission. Note that similar approach is adopted for NR Rel-15 downlink preemptive scheduling, where also group common DCI is used for signaling interrupted transmission indication to UEs. To further optimize the required effort by the UE for monitoring for uplink preemption indications, the PDCCH carrying this information may be configured with reduced number of search space candidates. In addition, RAN1 may enable the re-transmission signaling of the same HARQ-ID using an UL grant indicating the start of the PUSCH to be earlier then the end of the initially scheduled (pre-empted and not resumed) PUSCH transmission.
· Proposal 3: Use group common DCI to carry UL pre-emption indication, including both suspend and resume information of the eMBB PUSCH transmission. To reduce the UE complexity for uplink preemption indication monitoring, the PDCCH carrying this information may be configured with a reduced number of candidates (i.e. reduced search space).
· Proposal 4: The UE should be able to perform a scheduled re-transmission of the HARQ process starting before the end of the initially scheduled PUSCH if the GC-DCI indicated eMBB PUSCH suspend only. 
3
Conclusion

This contribution we have addresses remaining open issues for uplink preemption. We summarize our findings with the following proposals to kindly be considered when further revising the text proposal for TR 38.824, Section 7.2.1 “UE UL cancelation mechanisms”:

· Proposal 1: UEs configured to monitor for uplink preemption indications, may only monitor for such signaling during the time from receiving the UL grant until the end of the PUSCH transmission.

· Proposal 2: In addition to indicating the PUSCH suspend, the uplink preemption indication message can also indicate the duration of the suspend / start of resume operation. 

· Observation: Sequence based indication of dynamic uplink preemption requires higher specification effort, has limited flexibility for the network to indicate the exact timing of suspend and does not easily support resume indication. 
· Proposal 3: Use group common DCI to carry UL pre-emption indication, including both suspend and resume information of the eMBB PUSCH transmission. To reduce the UE complexity for uplink preemption indication monitoring, the PDCCH carrying this information may be configured with a reduced number of candidates (i.e. reduced search space).

· Proposal 4: The UE should be able to perform a scheduled re-transmission of the HARQ process starting before the end of the initially scheduled PUSCH if the GC-DCI indicated eMBB PUSCH suspend only. 
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