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Introduction
DL pre-emption indication is currently being specified to mitigate a performance impact resulting from multiplexing data transmissions of different durations within the same physical resources. Signaling details for pre-emption indication were discussed at the RAN1 AH_#NR3 meeting with several agreements captured as follows, 
Agreements:
· UE can be configured to monitor the group common PDCCH for SFI and the group common DCI for DL preemption indication within the same or different CORESETs
· As a working assumption
· The time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication
· For determination of the frequency region of the reference downlink resource for preemption indication, down select between the following options in RAN1#90bis
· Option 1: The frequency region of the reference downlink resource is configured explicitly by RRC
· Option 2: The frequency region of the reference downlink resource is implicitly derived by the active DL BWP
· NOTE: Companies are encouraged to address the issues highlighted in the offline summary T-doc R1-1716911
· The minimum periodicity for UE to monitor group common DCI for DL preemption indication is down-selected between
· Option 1: one slot
· Option 2: less than a slot

This contribution discusses the remaining open issues including those captured in the summary document of [1].

Remaining aspects of DL pre-emption indication
Determination of the reference DL resource
A UE may be configured with a periodicity for monitoring the PDCCH for a group-common DCI carrying pre-emption indication (PI). As the PI is an a posteriori signal referring to one or more past events, it makes sense that the interval between possible PI transmissions is also the default DL reference resource.
Proposal 1: confirm the WA: the time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication.
Two options are enumerated above for determining the frequency region for the reference DL resource. Option 2 is simpler requiring no additional signaling by tying it to the BW of the active DL BWP. It has been argued (see [1]) that Option 1 is better suited for scenarios with larger BWPs, where the actual potential pre-empted region is much smaller than the BWP. This argument pre-supposes that the gNB has decided a priori where to transmit a second data type (e.g. URLLC) with a scheduling interval shorter than that of a first data type (e.g. eMBB). However, the gNB should be free to make scheduling decisions based on channel and interference measurements that dictate the best frequency regions for data transmissions. This is even more critical for URLLC data to satisfy the end-to-end latency target. 
Proposal 2: The frequency region of the reference DL resource is equal to the BW of the active DL BWP. 

Signaling aspects of downlink pre-emption
The pre-emption indication signaling problem may be defined as follows: given a DCI payload size of P bits, how best to indicate one or more pre-empted regions within the reference DL resource. A list of possible solutions was captured in [2] and can be summarized as:
· Option 1: A length-K bitmap corresponding to M time partitions and N frequency partitions such that K = M x N. An illustration is shown in Figure 1(a) with a 2x7 grid requiring a length-14 bitmap.
· Option 2: L bits in the DCI indicate a subset of physical resources within the reference DL resource, and P-L bitmap corresponds to X frequency partitions and Y time partitions within the subset of physical resources indicated by the L bits. An illustration is shown in Figure 1(b), with a 2x2 coarse grid requiring 2 bits and a finer 2x7 grid. 


[bookmark: _Ref494369591]Figure 1 Partitioning of reference DL resource with (a) regular grid and (b) 2-step signaling of coarse and fine grid
Further refinements of each of these options is possible, where in [2] it is proposed to further consider dynamic signaling of the granularity of the time-frequency grid shown in Figure 1. Similar to the previous discussion, Option 2 also pre-supposes that there is a particular sub-region where pre-emption occurs and it can be indicated by the coarse signaling of L bits. If the coarse partition is semi-statically configured, it limits scheduling flexibility. On the other hand if the coarse region is dynamically signaled it assumes that in a given slot pre-empting data can only be transmitted within a single region, which is also a scheduling restriction. To allow full scheduling flexibility and also noting that the pre-emption serves a group of users, it should be sufficient to semi-statically configure the reference resource into a grid determined by the number of available bits in the group common DCI. The time and frequency granularity for partitioning the reference DL resource depends on the number of bits available in the DCI and the intended time-frequency granularity of a pre-empting transmission. Therefore, the granularity can be semi-statically configured.  

Proposal 3: a length-P bitmap is transmitted as the pre-emption indication in a group common DCI and indicates one or more time-frequency regions where pre-emption occurred in the corresponding reference DL resource.
· The reference DL resource is partitioned into M time blocks and N frequency blocks, where P = M x N.
· M = NPI-symbols / T1, where NPI-symbols is the number of symbols in the reference DL resource and T1 is the semi-statically configured time granularity in symbols. 
· N = NPI-RBs / F1, where NPI-RBs is the number of RBs/RBGs in the reference DL resource and F1 is the semi-statically configured frequency granularity in RBs/RBGs.


Monitoring aspects
UE monitoring and behavior upon detection of a PDCCH carrying a pre-emption indication should be governed by the intended purpose. First we recall some early agreements on PI from the RAN1 #88 meeting:
	Agreements:
· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding
· FFS details
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB


 
Observation: Pre-emption indication may be viewed as assistance information to increase the likelihood of decoding a TB in the pre-empted and/or subsequent transmissions. It should not change normal UE HARQ timing or mandate specific receiver processing. 
This observation should serve as a guideline for making design choices on several open issues regarding UE behavior when configured to monitor for pre-emption indication. 
One open issue is the minimum monitoring periodicity, where the agreed options for down-selection are 1 slot or less than a slot. First, we note that regardless of the actual value a UE only needs to monitor for pre-emption indication in the event that it receives DL data. For a victim UE, the minimum monitoring periodicity should not be less than the minimum scheduling interval. One argument for at least slot-level periodicity is to reduce the number of blind decodes. However, this depends on the DCI format size selected for the PI DCI format. If the DCI format size is same as another DCI format also monitored by the UE, the blind decoding complexity is relatively unchanged (only requires RNTI checks). On the other hand if the monitoring is less than a slot, it calls into question the usefulness of the PI because it implies that the scheduling interval of the victim and pre-empting UEs can be similar. Therefore, at least 1 slot periodicity should be sufficient.
Proposal 4: a minimum periodicity of 1 slot is sufficient for monitoring for a PDCCH carrying PI. 

Timing of pre-emption indication
The timing of the pre-emption indication has been discussed at the past three RAN1 meetings. It was argued that if the pre-emption indication is sent before decoding a punctured transmission, the UE may set the LLR bits to zero (i.e. equally likely probabilities of ‘0’ or ‘1’) and increase the chances of successful decoding. 
Besides improving the decoding, the pre-emption could also be used to improve soft bits combination for potential retransmission. When data decoding fails, the UE could flush the corrupted part of the soft buffer related to the pre-empted resource before combining with a subsequent retransmission.
A proposed solution for pre-emption indication is that a UE is configured to monitor for the pre-emption indication at the next monitoring occasion of the CORESET containing the corresponding search. No additional UE behavior is needed if the UE does not detect a PDCCH containing a pre-emption indication. One issue with this solution is that the UE may start decoding the received PDSCH before it UE detects the pre-emption indication. There are four potential cases based on the timing of the PI:
· Case 1: UE detects pre-emption indication before data decoding starts.
· Case 2: UE detects pre-emption indication during the decoding process.
· Case 3: UE detects pre-emption indication after the decoding but before HARQ-ACK feedback.
· Case 4: UE detects pre-emption indication after HARQ-ACK feedback. Note that this would be true for self-contained HARQ operation, where HARQ timing, K1 = 0.
For case 1, UE may utilize the pre-emption indication for decoding the TB but this is unlikely given that a principal goal in NR is fast data processing to minimize latency. Indeed, many agreements in NR are based on this principle e.g. frequency-first mapping of data to physical resources and front-loaded DMRS symbols.
For case 2, UE could restart decoding with pre-emption indication if there is sufficient remaining processing time before HARQ-ACK feedback. Alternatively, the UE could continue the first decoding and use pre-emption indication for soft combining with a future retransmission. The possible UE behavior for Case 3 is similar to Case 2. For case 4, UE just uses pre-emption indication for soft combining with a future retransmission.
It can be observed from these scenarios that quite flexible UE behavior can follow based on different UE implementations of receiver processing. Consequently, it is difficult to specify a particular behavior for all cases.
Proposal 5: A UE may be configured to monitor for a PDCCH containing a pre-emption indication in a subsequent slot following a DL data transmission. No additional UE behavior is needed if the UE does not detect a PDCCH containing a pre-emption indication.


Pre-emption of DL reference signals
An open issue whether a second transmission (e.g. URLLC) can pre-empt either the DMRS of a first (victim) transmission or other DL RS such as CSI-RS. For the victim data transmission, puncturing the DMRS is almost sure to cause failure in data decoding. One argument in favor of allowing such pre-emption is that front-loaded DMRS in slot-based data transmission is not likely to be pre-empted by a second transmission. As such, if only additional DMRS, if present, is pre-empted it may be possible for the UE to still decode the data. However, the main reason for additional DMRS is to improve channel estimation particularly for high speed scenarios. Thus, if the probability of decoding was appreciable there was no need to configure additional DMRS in the first place. 
Pre-emption of CSI-RS is also problematic because an unscheduled UE configured to perform CSI measurement in a slot has no idea that the measurement is erroneous. Hence in both cases it is desirable to avoid collision between the DMRS and a pre-empting transmission. Some possible solutions are:
1. Avoid the collision by network implementation. Since data transmission duration is flexible in NR, the gNB scheduler can avoid the symbols containing DMRS or CSI-RS. This solution may not always be possible as it limits the physical resources where a second transmission can be mapped.
2. The pre-empting REs overlapping with DMRS REs of a first transmission are punctured out. This may impact performance of the pre-empting transmission but it is clearly up to the gNB to make that determination.
3. Rate Matching: the pre-empting data transmission can be rate matched around physical resources indicated by the gNB. For example, a UE scheduled for short data transmission within a slot may be configured to rate match around candidate DMRS positions within the slot. This is a similar functionality to rate matching around reserved resources or rate matching around CORESETs. Specifically, if the same DCI format is used for both slot-based and mini-slot-based scheduling a field in the DCI indicates to the UE which physical resources within the resource allocation the PDSCH should be rate matched around. 
Observation: a pre-empting data transmission can be rate matched around physical resources including CSI-RS and DMRS of a different data transmission.
Proposal 6: a DCI scheduling either slot-based or mini-slot based data transmission may indicate physical resources within the allocated physical resources for which the UE shall assume its data is rate matched around.

Relationship between PI and SFI
It was discussed at the last meeting whether PI can be multiplexed with SFI in the same DCI format. The SFI indicates an UL-DL partition for the present and possibly upcoming slots, and primarily benefits unscheduled UEs. In contrast, PI is event-based and is transmitted if and only if pre-emption occurs within a reference DL resource. Therefore, the former signal looks ahead while the latter is historical in nature. This by itself does not prevent multiplexing of both indicators in the same DCI format if both can be monitored in the same occasion. Indeed, it has been argued that it should be up to the network whether or not to configure both indicators in the same DCI format. A few remarks addressing this reasoning:
· A UE is separately configured to monitor SFI and to monitor for PI under quite different deployment scenarios. SFI is needed to ease operation in TDD deployments and may not be needed for FDD. On the other hand PI may be needed in both duplex modes and targets cases where gNB decides to allow pre-emption of a first transmission by a second, shorter, transmission. Consequently, the monitoring periodicities could be quite different and should not be made to match for the sake of saving PDCCH resource utilization by using the same DCI payload. 
· Given that a UE is independently configured to monitor for SFI and PI, the two standalone cases need to be fully specified. Adding a third option where both are multiplexed in the same DCI format is a minor optimization when compared to the specification effort, including, but not limited to specification of a new DCI format, mapping of each field in this DCI format including the respective payload sizes, configuration of different time horizons (reference DL resource for PI, number of slots for SFI).
· Finally, as it is still FFS whether the SFI reuses polar coding similar to other DCI or uses RM coding if the payload size is smaller than 12 bits, such multiplexing is subject to SFI discussion. 
Proposal 7: A UE is separately configured to monitor for PI and/or SFI. When configured to monitor for PI, a UE monitors for a DCI format transmitted on the PDCCH and identified by PI-RNTI which is provided to the UE by RRC signaling. Multiplexing of PI and SFI in the same DCI format is FFS.
Necessity of pre-emption indication for UL transmission
For downlink it was agreed to introduce pre-emption signaling to inform a victim UE that part of its allocated resources were punctured. However, for uplink it is not clear whether pre-emption indication is beneficial or even feasible. 
A UE may be scheduled with an UL grant or it may be configured with a grant-free resource for UL transmission. For a given PUSCH transmission, decoding failure at the gNB receiver may be caused by one of the following events:
(a) Case 1: Poor channel/interference conditions
(b) Case 2: Collision of UL transmissions from two or more UEs on the same physical resources
(c) Case 3: Intra-UE puncturing of an ongoing UL transmission by a transmission of a different duration/type.
For the first case, the UE is unaware of a possible UL transmission failure issue unless it receives a negative acknowledgement from the gNB. 
For the second case this can occur if the gNB schedules or configures part or all of the same physical resources to two or more UEs. One use case is grant-free transmission, where the gNB intentionally configures the same resource for multiple UEs. This feature is currently being standardized and does not need pre-emption indication.
A second use case that has been mentioned is for grant-based transmission where part of an UL transmission by a first UE is pre-empted by a second transmission by a second UE. It should be noted that for many cases scheduling based solutions can prevent the need for pre-emption. One possible scenario where pre-emption could be considered is shown in Figure 1. In the example of Figure 1 the gNB schedules UL grant for the eMBB UE in slot n + 1. Before or during the eMBB transmission URLLC on a different numerology is scheduled on at least a part of the same resources allocated to the ongoing eMBB transmission. Some observations on this scenario
1. Since the gNB is in control of the UL resources, it is up to the gNB how to handle the impacted data either in the demodulation process or by re-scheduling the in part (CBG-based operation) or whole. 
2. Assuming full duplex communications is not feasible, it could only be applicable to FDD as different carriers are required to simultaneously monitor for pre-emption indication and also transmit the PUSCH.



Figure 2: example scenario of pre-emption in UL FDD
In our view intra-UE puncturing in Case 3 is not expected to be a typical mode of operation. Pre-emption indication is not needed in any case since both transmissions are for the same UE. Based on these observations we have the following proposal:
Observation: pre-emption indication is not seen as beneficial for UL transmission. 
However, if Case 3 is considered likely e.g. in case of collision of grant-based and grant-free transmission, prioritization of UL channels needs to be further considered for the following cases,
1) Case 1: prioritization when a scheduled PUSCH partly overlaps with a grant-free PUSCH 
2) Case 2: prioritization in case of power limitation when a scheduled PUSCH does not overlap with a grant-free  PUSCH
Proposal 8: prioritization rules should be specified if collision occurs between PUSCH transmissions of different durations from the same UE.
Conclusion
This contribution discussed multiplexing of data with different transmission durations. Two observations are highlighted here
Observation 1: a pre-empting data transmission can be rate matched around physical resources including CSI-RS and DMRS of a different data transmission.
Observation 2: pre-emption indication is not seen as beneficial for UL transmission. 

The proposals are as follows:
· Proposal 1: confirm the WA: the time duration of the reference downlink resource for preemption indication equals to the monitoring periodicity of the group-common DCI carrying the preemption indication.
· Proposal 2: The frequency region of the reference DL resource is equal to the BW of the active DL BWP. 
· Proposal 3: a length-P bitmap is transmitted as the pre-emption indication in a group common DCI and indicates one or more time-frequency regions where pre-emption occurred in the corresponding reference DL resource.
· The reference DL resource is partitioned into M time blocks and N frequency blocks, where P = M x N.
· M = NPI-symbols / T1, where NPI-symbols is the number of symbols in the reference DL resource and T1 is the semi-statically configured time granularity in symbols. 
· N = NPI-RBs / F1, where NPI-RBs is the number of RBs/RBGs in the reference DL resource and F1 is the semi-statically configured frequency granularity in RBs/RBGs.
· Proposal 4: a minimum periodicity of 1 slot is sufficient for monitoring for a PDCCH carrying PI. 
· Proposal 5: A UE may be configured to monitor for a PDCCH containing a pre-emption indication in a subsequent slot following a DL data transmission. No additional UE behavior is needed if the UE does not detect a PDCCH containing a pre-emption indication.
· Proposal 6: a DCI scheduling either slot-based or mini-slot based data transmission may indicate physical resources within the allocated physical resources for which the UE shall assume its data is rate matched around.
· Proposal 7: A UE is separately configured to monitor for PI and/or SFI. When configured to monitor for PI, a UE monitors for a DCI format transmitted on the PDCCH and identified by PI-RNTI which is provided to the UE by RRC signaling. Multiplexing of PI and SFI in the same DCI format is FFS.
· Proposal 8: prioritization rules should be specified if collision occurs between PUSCH transmissions of different durations from the same UE.
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