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[bookmark: _Ref497831218]Introduction
Significant progress was achieved in specifying details of DL pre-emption indication at the RAN1 #90bis meeting. Specifically, the following aspects were agreed [1],
	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
· For minimum monitoring periodicity of pre-emption indication:
· At least slot level monitoring periodicity of preemption indication is supported
· FFS to additionally support other cases (e.g. non-slot level monitoring)

· For slot level monitoring periodicity, UE is not required to monitor preemption indication for a slot in which PDSCH is not scheduled
· UE is not required to monitor preemption indication in DRX slots
· UE is not required to monitor preemption indication for the deactivated DL BWP
· Note: not necessarily all of the above bullets will have spec impacts

· The HARQ timeline for a PDSCH transmission is not affected by preemption indication. 

· No consensus 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

· 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



This contribution discusses the remaining details of DL pre-emption indication. In addition, we discuss whether some aspects of pre-emption indication could be useful for UL transmission.

DL pre-emption indication
Remaining details of the reference DL resource
A first issue is whether the time duration of the reference DL resource should be extended to non-slot-level (aka mini-slot) monitoring. In principle a UE could monitor for pre-emption indication (PI) at the same rate as it monitors for data scheduling. However, this could increase the number of blind decodes in a given time duration if the DCI format size is not matched to another DCI format regularly monitored by the UE. Secondly, since the PI is not UE-specific but common to a group of UEs, slot-level monitoring periodicity represents a lowest common multiple for the monitoring periodicity applicable across UEs in the same serving cell. Finally, if mini-slot-level monitoring is used, it calls into question the usefulness of the PI because it implies that the PDCCH monitoring granularity of the victim and aggressor could be same. Thus, slot-level monitoring periodicity is sufficient.
Proposal: slot-level monitoring periodicity is sufficient for pre-emption indication.

Other details of the monitoring periodicity need further clarification. If the PI corresponding to a received PDSCH is detected well in advance of the HARQ-ACK timing, the UE may decode (or re-decode depending on UE implementation) the TB after flushing the soft buffer of the impacted bits. Alternatively, if PI is not received in time to affect HARQ-ACK determination and data reception was unsuccessful, the UE can flush the buffer before a subsequent reception of the same TB. For the first case, feasible monitoring values should take into account UE processing capability, whereas for the second, the processing time at the gNB should also be taken into account as the gNB may not necessarily transmit the PI immediately after the impacted PDSCH. Hence PI monitoring values would be within the time period between successive transmissions of the same TB. Based on the current discussions on UE processing time capability values, and to also provide flexibility for the network, PI monitoring values of {[0], 1, 2, 4} slots should be sufficient for all SCS values. 
When configured, the monitoring occasions should be aligned with respect to a timing reference such as the radio frame boundary. More generally, a slot offset and a symbol offset within the slot can also be configured to vary the monitoring occasions with respect to the timing reference. Having a non-zero symbol offset within a monitored slot may be beneficial if it is possible for the UE to monitor for PI in the same slot as the impacted PDSCH. Furthermore, it also gives the gNB some flexibility in where to transmit PDCCH carrying PI as there is no additional requirement for it to be front-loaded. An illustration of different symbol offsets is shown in Figure 1 for a CORESET with two symbols and slot-level periodicity of 2 slots. Figure 1(a) shows a symbol offset of 0 for a CORESET at the beginning of the slot while Figure 1(b) shows the CORESET at the end of the slot.  
[image: ]
[bookmark: _Ref498687110]Figure 1 Illustration of different symbol offsets for slot-level monitoring periodicity of PI

Therefore, we propose the following, 
Proposal: A UE is configured to monitor for pre-emption indication at monitoring occasions defined by

·  is the radio frame index
·  is the slot index within a radio frame, where  denotes the SCS scaling factor with respect to the base SCS of 15KHz. 
· is the periodicity in slots.
·  is the slot offset with values . 
· A symbol-level monitoring offset defines the location of the search space within the monitored slot.

Another open issue is the frequency region of the reference DL resource. Since this frequency region is not configured by RRC signaling the two options are either the active BWP or a region based on a common PRB indexing with respect to the carrier BW. Given that it was agreed to only support one or two frequency regions, the active BWP is the most appropriate choice with respect to frequency domain granularity.

Proposal: confirm the working assumption that the frequency region of the reference downlink resource for pre-emption indication is the active DL BWP.

It was agreed to support only two time-frequency combinations {M, N} = {14, 1}, {7, 2}, where M, N are respectively the number of time and frequency partitions. This implies that PI for a given BWP requires a bitmap length of 14 bits in the group-common DCI. It was agreed that for TDD the reference downlink resource only includes the DL or Unknown symbols given by a semi-static UL-DL resource configuration. There are two possible interpretations of this agreement. A first interpretation is that only DL and Unknown symbols are counted to determine how the time domain region of the DL resource is partitioned. A second interpretation is that all symbols within the reference DL region are counted but the PI bit for a region indicated as UL by semi-static configuration is considered as reserved. The second interpretation is preferable because it unifies the PI design regardless of whether a semi-static DL-UL configuration is provided or not and also simplifies specification. 
The unified solution would then simply partition the reference DL resource into either a {14, 1} or {7, 2} regular grid as shown in Figure 1.


[bookmark: _Ref494369591]Figure 2 Frequency-first indexing of reference DL resource for (a) {14, 1} grid and (b) {7, 2} grid
Either frequency-first or time-first indexing can be used to number the time-frequency blocks. A uniform granularity is one benefit of this solution where the time domain granularity, for and the frequency domain granularity is  for. 
 
Proposal: for the reference DL resource pointed to by a PI carried in a group-common DCI
· All symbols are counted when determining the mapping of sub-regions in the reference DL resource to the PI bitmap. 
· A bitmap of 14 bits provides the PI for the reference downlink resource
· The M * N time-frequency blocks of the reference DL resource are indexed in frequency-first manner where 
· The frequency domain granularity in PRBs.
· The time domain granularity in symbols.
· If an UL-DL resource assignment is semi-statically configured for a UE, the PI bit corresponding to time-frequency regions overlapping with the UL symbols indicated by the semi-static UL-DL resource assignment is reserved. 

UE behavior when receiving DL pre-emption indication
If a UE receives a PDSCH within a reference DL resource, the UE may monitor at the next PI monitoring occasion for a PDCCH carrying a DCI whose CRC is scrambled by a PI-RNTI. For dynamic HARQ timing the network has the flexibility in scheduling HARQ-ACK feedback corresponding to a PDSCH transmission as long as the HARQ timing is greater than the UE minimum processing time capability. Therefore, the ability of the UE to exploit a received PI for decoding the indicated PDSCH or for flushing the buffer in case of failed data reception is up to the UE implementation. In this sense the PI provides assistance information to the UE to facilitate successful decoding of a TB. It has been discussed over the last two meetings what, if any, UE behavior should be specified to ensure this feature can be tested. Further specification in our view would mandate certain UE implementation which is not needed. Certainly, test cases can be defined to ensure proper implementation of this feature but this is outside the scope of RAN1 and should be left to RAN4. 
Proposal: How the UE makes use of PI for decoding an impacted PDSCH reception or flushing the buffer in anticipation of a subsequent retransmission is left to UE implementation. Furthermore, if detection of a PDCCH carrying PI fails, the UE behavior is same as if PI monitoring was not configured.


Interaction of PI with CA and BWP operation
Several use cases were identified for BWP operation in NR. For the use case of BW adaptation for reduced power consumption a UE may operate on a small BWP when there is not much DL traffic and be transitioned to a larger BWP when DL traffic increases. In a second use case a UE may be configured with multiple BWPs operating with different numerologies. In both cases, a network may choose to support URLLC in only a subset of the configured BWPs on a wideband carrier. Therefore, PI monitoring should be independently configured per configured BWP in a serving cell. For the self-scheduling cell, the UE monitors for PI in a group-common search space within the active BWP. 
Proposal: a UE is independently configured to monitor for pre-emption indication per configured BWP in a serving cell.
It was agreed at RAN1 NR_#AH3 that a UE can be configured to monitor a group-common search space (GCSS) for at least pre-emption indication on a SCell. The case of cross-scheduling is still an open question. 
If PDSCH in a serving cell is scheduled by PDCCH transmitted in the UESS of a different serving cell, it is unclear whether a group-common search space can be configured in the scheduled cell if reception in a UESS is not deemed feasible. If a UE is not configured with multiple BWPs in a serving cell, it is possible to configure a UE with more than one PI field in a group common DCI, where each PI field provides pre-emption indication for a separately configured serving cell. This is similar in concept to the RAN1 #90bis agreement that different SFI fields can be present in a single GC-PDCCH and apply to different cells.  
However, if multiple BWPs are configured in a cross-scheduled cell, it is not clear how to signal the PI for different BWPs given that the number of required PI fields for a UE scales with the number of cross-scheduled cells and number of BWPs per scheduled cell. Moreover, BWPs are UE-specific while PI is group-common. Note that this is different from cross-scheduling PDSCH on a serving cell since the UE-specific DCI can contain both carrier indication and BWP indication fields.
An extension of the previous proposal is that a UE is configured to monitor for a GC DCI carrying a pre-emption indication for a configured BWP of a scheduled cell. The PIs for each configured BWP of a scheduled cell may be in the same PDCCH or in different PDCCHs transmitted in the scheduling cell. For instance the monitoring periodicity and/or offset may be different for each configured BWP.
Proposal: a UE is independently configured to monitor for PI transmitted in a PDCCH in a scheduling cell and corresponding to a configured BWP in a scheduled cell. The PI monitoring configuration including the reference DL resource configuration, periodicity and offset may be different for each configured BWP in a scheduled cell.
 
Pre-emption of DL reference signals
An open issue is 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 reliable PDSCH reception is likely with only front-loaded DMRS it would be pointless 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.

Necessity of pre-emption indication for UL transmission
A UE may either be scheduled with an UL grant or 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 UL scheduling based solutions can prevent the need for pre-emption. One possible scenario where pre-emption could be considered is shown in Figure 2. In this example 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 can only apply for FDD as different carriers are required to simultaneously monitor for pre-emption indication and also transmit the PUSCH.



[bookmark: _Ref497830985]Figure 3 Illustration of pre-emption in FDD UL
Regarding Case3 (intra-UE puncturing), this 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: prioritization rules should be specified if collision occurs between PUSCH transmissions of different durations from the same UE.
Conclusion
This contribution discussed remaining aspects of DL pre-emption indication and also touched upon the necessity of UL pre-emption indication. We have the following proposals and observations based on the preceding discussion:
Proposal 1: slot-level monitoring periodicity is sufficient for pre-emption indication.
Proposal 2: A UE is configured to monitor for pre-emption indication at slot occasions defined by

·  is the radio frame index
· is the slot index within a radio frame, where  denotes the SCS scaling factor with respect to the base SCS of 15KHz. 
· is the periodicity in slots.
·  is the slot offset with values . 
· A symbol-level monitoring offset defines the location of the search space within the monitored slot.

Proposal 3: confirm the working assumption that the frequency region of the reference downlink resource for pre-emption indication is the active DL BWP.
Proposal 4: for the reference DL resource pointed to by a PI carried in a group-common DCI
· All symbols are counted when determining the mapping of sub-regions in the reference DL resource to the PI bitmap. 
· A bitmap of 14 bits provides the PI for the reference downlink resource
· The M*N time-frequency blocks of the reference DL resource are indexed in frequency-first manner where 
· The frequency domain granularity in PRBs.
· The time domain granularity in symbols.
· If an UL-DL resource assignment is semi-statically configured for a UE, the PI bit corresponding to time-frequency regions overlapping with the UL symbols indicated by the semi-static UL-DL resource assignment is reserved. 

Proposal 5: How the UE makes use of PI for decoding an impacted PDSCH reception or flushing the buffer in anticipation of a subsequent retransmission is left to UE implementation. Furthermore, if detection of a PDCCH carrying PI fails, the UE behavior is same as if PI monitoring was not configured.

Proposal 6: a UE is independently configured to monitor for pre-emption indication per configured BWP in a serving cell.
Proposal 7: a UE is independently configured to monitor for PI transmitted in a PDCCH in a scheduling cell and corresponding to a configured BWP in a scheduled cell. The PI monitoring configuration including the reference DL resource configuration, periodicity and offset may be different for each configured BWP in a scheduled cell.
Proposal 8: prioritization rules should be specified if collision occurs between PUSCH transmissions of different durations from the same UE.

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. 
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